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REPORT.

To His Exzcellency the Governor and the Honorable Coun-
cil:

In presenting the report of work in their department
during the past biennial term, the Forestry Commissioners
again take occasion to call attention to the remarkably
rapid spread of public interest in forestry in our state.
The movement, which a few years since seemed entirely
confined to theorists and sentimentalists, now commands
the attention of the most practical and conservative of
our people, a fact which is in striet corroboration of the
sentiments expressed by this board in one of its earliest
declarations, wherein it was predicted that the sentimental
side of the forestry movement could not fail soon to be
cntirely overshadowed by the practical aspects involved in
every discussion of the question.

ForestsS GRow TO BE USED.

There are, of course, not lacking many whose interest
in forestry still is, and from the very nature of the case
must always remain, wholly sentimental; this class of
forestry advocates being, naturally, found chiefly among
those who seek New Hampshire for a brief period each
summer during the vacation season. But even these are
cognizant of the great fundamental fact of forestry, that
forests grow to be used; and while they may continue to
decry any timber cutting in certain isolated locations, they
nevertheless realize the necessity for utilizing the timber
crop to its utmost.

The agencies which we have referred to in previous
1eports as being most important in carrying forward the
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agitation of true forestry in New Hampshire, have lost
none of their interest in the subject, and to the Order of
Patrons of Husbandry, the Woman’s Clubs, the boards of
irade, the Appalachian Mountain Club and the Society
tor the Protection of New Hampshire Forests, all true
friends of forestry in this state are under remnewed obli-
gations.

TEE WORK OF THE COMMISSION.

Investigation into physical conditions of the forest prob-
lem has been considerably extended since our last report.
‘We have examined more closely and with added intelli-
gence in some sections; in others we have entered upon new
and interesting fields, and the entire forest area of the
state, save a few limited localities, has been under our im-
mediate personal observation.

That section of Central and Southwestern New Hamp-
ghire, covered by secondary growth, has largely received
attention.  The incoming of summer residents, occupy-
ing places of vantage, has served, in some instances, to
change the face of nature and presented new problems for
consideration.

‘We have remarked that a greater percentage of our area
was doubtless now under forest cover than at any time dur-
ing the half century; this conclusion is emphasized in our
experience. Where two generations ago were hillside farms
of arable land and pasturage are now great spaces of second
growth, some sufficiently matured to attract the lumbermen,
with stone walls of former fields and pastures curiously out
of place among the heavy growth. The droves of cattle
from over the Massachusetts border, that annually found
luscious sustenance on our mountain grasses, giving an
important increment of income to our southern tiers of
towns, have vanished and sites of many rugged farms are
now valuable chiefly for their lumber and forest cover;
for their scenic beauty and health-giving attractions.
Rockingham, Hillshorough, Cheshire and Sullivan counties
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abound in instances of such metamorphoses. The incom-
ing of summer and of more permanent visitors seeking
restful homes amid these haunts of nature, changing the
utilities of desirable locations, alters also their income
and makes very practical the question of forest protection
cutside of lumber values alone, as a source of revenue to
the state. Many neglected hillsides and forest slopes are
now valuable for their scenic perfections. @ With new
colonies, such spots are yearly yielding better returns upon
the investment in them than those in the days of elemental
agriculture.

From this condition comes effort for development and
for checking devastation through the establishment of parks
under state laws, several of which have been projected:
one of the new questions demanding attention of the com-
mission.

-~

ForESTRY LEGISLATION OF 1903,

The Legislature of 1903 enacted important laws rela-
tive to forestry. It perfected existing law; declared for
the establishment of a National Park in the White Moun-
{ain region; for tree protection and culture; and for the
survey of a large section of the state as preliminary to
active work for the actual setting aside of lands for a park
system.

The sum of $5,000 was appropriated and placed at the
disposal of the commission, so much thereof to be used
as should be thought necessary upon conference with the
governor and council for an actual field survey of that
great forest section in the counties of Cods, Grafton and
Carroll, ascertaining its hydrographic possibilities, the den-
sity, character and growth of timber, the trend of streams,
rainfall and elemental facts essential to an intelligent con-
sideration of the problem. The work of the survey was
to be done under the direction of this commission by em-
ployees of the United States Bureau of Forestry at Wash-
ington. The text of the law is as follows:
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CHAPTER 139, LAWS OF 1903.

JOINT RESOLUTION TO PROVIDE FOR A FOREST EXAMINATION OF THE
WEITE MOUNTAIN REGION.

Resolved by the Senate and House of Representatives in General
Court convened:

That the forestry commission be and hereby is anthorized and
directed to procure, upon terms to be approved by the governor
and council, a general examination of the forest lands of the
‘White Mountain region by employees of the bureau of forestry in
the department of agriculture at Washington, whose report shall
be laid before the next session of the general court; and the gov-
ernor is hereby empowered to draw his warrant for a sum not
exceeding five thousand dollars upon any money in the treasury
not otherwise appropriated to meet the expense of such examin-
ation.

[Approved February 24, 1903.]

THE WORK OF THE SURVEY.

Soon after the adjournment of the Legislature and in
April, the commission was in conference with the forestry
bureau at Washington and preliminary plans were adopted.
Immediately on its return the scheme was presented to His
Excellency the Governor. It was determined to begin
the field work as early as the condition of the ground in
the deep woods, then heavy from the winter’s snows, would
admit, and in fact the work did commence early in May.
The devastating fires of June following impeded, but it was
steadily continued until autumn. Mr. A. K. Chittenden
of the forestry bureau was the officer in charge, with ex-
perts in the several branches to which enquiries were di-
rected. The parties numbered a dozen different people,
whose work covered the ground from the Canadian border
south to the north parallel of Lake Winnipesaukee, save
only the alluvial towns in the Connecticut valley. During
the progress of the survey the commissioners were in con-
stant communication and frequent contact with the work-
ing parties in the woods. Mr. Chittenden, whose report
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is ineorporated herewith, proved to be an accomplished
director of the task in hand, securing excellent results.
Of the $5,000 set aside by the state for the purpose named,
$2,000 still remains unexpended. Something less than
$3,000 has been expended in the survey itself and acecom-
panying observations.

Observations still continue as to stream flow and other
essential data. The expense of this work is borne jointly
by the state and the federal treasuries through an arrange-
ment with the Bureau of Hydrography in the United
States Geological Survey. By the terms of this arrange-
ment an equal amount of money to that furnished by New
Hampshire is spent by the Geological Survey in the ac-
complishment of this joint work.

The state has received consideration and generous treat-
ment from the Department of Agriculture, and it is rea-
sonably certain that should the Legislature authorize
Turther expenditures along the same line to secure a like
survey with attendant maps of the entire state, like as-
sistance would be continued in its accomplishment.

The commission regards the reports of Mr. Chittenden
from the forestry bureau, here presented, as of exceeding
value, and earnestly recommends a continuance of the work
to embrace, under like conditions, the remaining part of
the state.

FINANCIAL STATEMENT.

Appended is a brief summary relative to the $5,000 ap-
propriation indicated, the expenditure therefrom, and the
amount yet available:

Appropriation by state for use of forest survey  $5,000.00
Paid over to Forestry Commission :
May 14, 1903, by state treasurer $1,500.00
Aug. 19, 1903, by state treasurer  2,500.00
4,000.00
Undrawn and in state treasury . . $1,000.00
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Drawn by commission from treasury . . $4,000.00
Expended in survey proper by A.

K. Chittenden . . , . $2,229.82
Exzpended on hydrographic work

since close of survey proper, as

arranged with bureau of forestry

and Chittenden (the U. S. pay-

ing an equal sum to voucher No.

41 inclusive) . . a . 562.15
_ 2,791.97
Balance unexpended . 5 . $1,208.03

To which may be added balance of the appro-
priation intact in treasury ; ; ; 1,000.00

Funds available for continuation of work  $2,208.03

This balance may be somewhat lessened at final settle-
ment, as the commission is still meeting the expenses of hy-
drographic observations; thus all commission expenses may
equal but not exceed $3,000.

Our financial arrangements have been very simple. The
president of the board consented to act as disbursing offi-
cer. All expenses were incurred by Mr. Chittenden of
the forestry bureau of the Department of Agriculture. A
sum was placed at his disposal on the order of the forestry
bureau at Washington to be checked out by the head of the
working force in the field as needed. All vouchers sub-
mitted to and approved at Washington were certified to
this board and, thus verified, charged off against the ap-
propriation. The preceding statement exhibits an analysis
of the appropriation, the amount paid to the commission,
the expenditures and the funds available for future work.
It will be seen that something less than one half the appro-
priation presumed necessary was expended in the work of
the survey proper, while, with the collection of a mass of
essential hydrographic and other data, the entire expendi-
ture for the two years’ work has been less than $3,000.
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FErLD INSPECTIONS BY THE BOARD.

In July, 1903, a comprehensive trip to the region later
covered by Mr. Chittenden’s survey was made by the en-
tire board and in connection with him, punctuated by fre-
guent consultations and decisions as to pending operations.
The Connecticut Lake region, the Diamond Pond waters,
Dixville Notch, at the north, were considered. @~ 'We noted
the great benefit of the state roads through Dixville, to-
gether with the increase of traffic from Colebrook on the
Upper Cots Railroad, through that gorge to the Andros-
coggin and Magalloway waters with their chain of lumber
camps, which has been made possible, more expeditious
and less expensive by this route through the once almost
impassable desolation of the Dixville chasm; and we ob-
served the added thrift of the region consequent upon these
improvements. Passing the Crawford Notch to Jackson,
to the lower and eastern side of the Presidential Range,
policy and route, camps and plans were determined for
practical work.

In October of the same year the commission again visited
Corbin Park, taking up matters left over from a previous
visit, crossed the ridge to Cornish Flat, proceeding down
through the attractive summer colonies in Plainfield and
Cornish, that for several years have enrolled notable ar-
tists, authors and men of affairs among the votaries of these
lovely reaches of the mid-Connecticut valley, along the base
cof Mount Ascutney, just across in Windsor county, Ver-
mont.

Thence we proceeded through the broadening reaches
of the great intervales in Claremont, Charlestown (old No.
4), Walpole, to Bellows Falls, climbing up and through the
Cold River Valley and over the divide to the Ashuelot
waters at Keene, a section beautiful for situation, thrifty
in development and, of later years, by its added railroad
facilities, so connectéd with Central and FEastern New
Hampshire as to strengthen its prosperity.
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To the southwest reaches the Ashuelot Valley, touching
Vermont at South Vernon and Massachusetts at Hinsdale,
its streams weary with the labor of productive industry;
to the southeast the higher lands lead up through Troy
and Fitzwilliam to where Monadnock dominates the land-
scape and the evidences of summer congregations crown
¢very elevation.

Te® REODODENDRON (IROVE.

Our special desire was an examination of the remark-
able and isolated grove of rhododendrons in the borders of
Pitzwilliam, six miles from Troy. This grove, donated
by Miss Mary L. Ware to the Appalachian Mountain Club,
for public enjoyment, is in a depression among the hills
and in a second growth of sapling pines, which were being
logged when the grove was secured for preservation. The
growth is perhaps five acres in area, of luxuriant beauty,
its glossy leaves and magnificent blossoms unique in rich
splendor. It is presumed that the present unsightly and
dangerous undergrowth and débris will be cleared and the
growth protected and made more accessible. With such
attention this grove will be known as one of the most at-
tractive and valuable of the state’s public reservations.

Skirting the northeastern shoulder of Monadnock, we
observe numerous establishments in Dublin, a summer col-
ony celebrated for cultivated expenditure in grounds and
mansion houses, crowning points of vantage on the moun-
tain itself, embowered in preserved forests or, as perhaps
the culmination, situate on the shores of the beautiful sheet
of water at the mountain’s northerly base, where are es-
1lates exceeding in cultivated surroundings and artistic
completeness perhaps any others of like character in New
Hampshire.

The village of Dublin and the several Jaffreys are of
great altitude, some surpassing Bethlehem and Jefferson
in our northern country. Five miles easterly of Lake
Monadnock is the ancient and self-poised town of Peter-
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borough, thrifty in manufacturing, prosperous in business,
interesting from its historic associations and notable chil-
dren. Cradled between the two Monadnocks it attracts
those favored by fortune and lovers of the peacefully beau-
tiful, who have covered its rounded hills with delightful
estates.

Going down the decline through the Souhegan watershed,
we stop in passing to ascend the notable mountain, Pack
Monadnock, its summit accessible by a carriage road and
adorned by an abandoned hostelry. This elevation is
2,100 feet, the view unique, affording a key to the topog-
raphy of a large area. The summit is bare of vegetation,
looking out over concentric chains of hills that ring the
landscape. @ The eye easily follows the highlands and
winding valleys, disclosing field and forest with the regu-
larity of a map. The growth in this region is all second-
ary, mostly pine, and again we note the extent of the for-
est cover, even where the primal growth has disappeared.

Pack Monadnock is a state reservation, or at least a con-
siderable acreage on its summit is so preserved, ‘‘Miller
Park’’ being its official name, christened for the doughty
Gen. James Miller, hero of Lundy’s Lane, who said that
he would try to take that battery and, trying, succeeded,
proving to the doubter who questioned his ability that the
result was certain as at the time he ‘‘had the written order
in his pocket!’’

Resting at the thriving village of Wilton and riding
among its interesting surroundings of wooded growth, man-
ufacturing plants and fine estates, we continued toward
the sea through the fertile farm lands of Milford, where
the commission, after viewing its prosperity, were enter-
tained by the notables of the place, alive to learn its mis-
sion and anxious to protect the trees whose grateful shade
made beautiful the roadways, showing with recurrent reg-
vlarity the disks, ‘‘N. H.,”’ to the eye; thence down to the
Merrimack and the Capital.
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A NEW DEPARTURE.

The law of 1893, establishing the Forestry Commission,
among its other provisions enumerated that:

SEcT. 4. Whenever any person or persons shall supply the
necessary funds therefor, so that no cost or expenses shall accrue
to the state, the Forestry Commission is hereby authorized to buy
any tract of land and devote the same to the purposes of a public
park. If they cannot agree with the owners thereof as to the
price, they may condemn the same under the powers of eminent
domain, and the value shall be determined as in the case of lands
taken for highways, with the same rights of appeal and jury
trial. On the payment of the value as finally determined, the
land so taken shall be vested in the state and forever held for the
purposes of a public park. The persons furnishing the money
to buy such land shall be at liberty to lay out such roads and
paths on the land, and otherwise improve the same under the di-
rection of the Forestry Commission, and the tract shall at all
times be open to the use of the public.

SECT. 5. It shall be the duty of the Forestry Commission to
make such rules and regulations as may be required to protect
and preserve all lands which are required by the state under the
provisions of Section 4 from injury or disfigurement, all said
rules and regulations to be posted upon said property and at two
public places in the town or towns in which any part of such land
may be located.

SEct. 6. If any person shall violate any such rule or regu-
lation of the Forestry Commission, he shall be fined not exceed-
ing twenty dollars or be imprisoned not exceeding six months.

For ten years thereafter this law was not invoked. In
the autumn of 1903 Dr. L. Vernon Briggs of Boston, a
summer resident of the town of Hancock in Hillshorough
county, petitioned the commission for the purchase or
condemnation of a tract of land to be used, under the terms
of the statute, for a public park.

The spot in question was kmown as Juggernaut Pond,
with a strip of land surrounding. The area specified
comprehended about eighty acres, of which about twenty
acres was the pond, the balance the steep hillside, be-
neath which the little town was sequestered. It lies per-
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haps two miles from Hancock village and at an elevation of
1,100 feet above tide water and was known to some degree
as a resort of picnickers, but of late had acquired a neigh-
borhood of residents from out the state who had erected
end who proposed to erect summer houses, drawn thither
by the secluded and wild beauties of the pond and sur-
roundings.

The growth was largely pine, some of considerable size.
The landowners had permitied contractors and operations
had commenced. The case involved the presumed policy
of the state in presenting scenic attractions to proposed
residents and placing a check in possible or necessary
cases upon a spirit of speculation that might seek control
of desirable forest spots, especially in Southwestern New
Hampshire.

A hearing was had upon the petition at Hancock, De-
cember 22, 1903, the petitioner being represented by coun-
sel, James F. Brennan, Esq., of Peterborough, and the
landowners by the Hon. Charles H. Burns of Wilton.
After hearing evidence and arguments and viewing the
premises, the board issued the following order:

STATE OF NEW HAMPSHIRE.
IN Boarp OoF FORESTRY COMMISSIONERS.

In the matter of the petition of L. Vernon Briggs for the
condemnation of a strip of land five hundred feet in width
upon the shore line of Juggernaut Pond, so called, in the
town of Hancock, the board, having given a hearing upon
the same, at which all parties in interest were present with
counsel, to wit, at said Hancock, on the twenty-second day
of December, 1903, is of the opinion that the taking of
the deseribed land for the purposes of a public park would
be for the public good; and therefore decides that the
prayer of said petition be granted, unless the board is able
to agree with the owners of the said land as.to the price
thereof.
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By vote of the board, Commissioner George E. Bales is
authorized to negotiate for the purchase of said land as
provided by statute.

It is ordered that the petitioner forthwith file with the
board a bond to the state of New Hampshire, with sufficient
sureties, in the sum of Five Thousand Dollars for the carry-
ing out of the intent of his petition and this order thereon.

HENRY O. KENT,
GEO. E. BALES,
GEO. H. MOSES,
Forestry Commissioners.
Hancock, N. H., December 22, 1903.

The petitioner promptly complied with the order of ‘the
board, and Commissioner Bales proceeded to negotiate for
the purchase of the land in question. All his attempts
{failing, the matter was carried to the board of selectmen
of Hancock on a petition for an assessment of damages, and
a hearing was set for Monday, October 17, 1904.

The counsel for the landowners had previously sug-
gested their desire to have a case agreed upon in order
that the supreme court might pass upon the question of the
constitutionality of the statute, to which both the peti-
tioner and the commission agreed; and in order to for-
mulate such a case it had been arranged that an injunction
should be issued, forbidding the landowners removing any
timber from the designated area. Upon this injunction
the case was to be taken to the supreme court. Without
waiting for the procuring of the injunction, although a
petition had been drawn and was in the hands of the court,
the owner of the timber growth, presumably by advice of
his counsel, entered upon the tract and partially denuded
il, ceasing only upon the service of the injunction. This
course the commission deemed to be a violation of good
faith, although it had no remedy which it could apply.
It is probable that the case will now be agreed upon and
go to the supreme court for an early hearing.
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RESERVATION ON MoUNT MONADNOCK.

Mount Monadnock rises in Southwestern New Hamp-
shire, largely in the towns of Dublin and Jaffrey, to an
clevation of 3,100 feet. On its western and northern
slopes are colonies of summer residents and visitors. On
the west slope, toward Troy and Fitzwilliam, the mountain
presents a dome of rock, grand in outline. On the east-
crn slope, in Jaffrey, the forests extend further up the
siope, indeed nearly to its precipitous crest, which crest
was purchased in 1883 by the town of Jaffrey as a reser-
vation, the first, it is understood, thus established in the
state.

On this eastern slope, well up toward the ledges, quite
a growth of timber—spruce and hardwood—had replaced
ihe old fields and pastures, whereof the stone wall boun-
daries reach out through close woods. The timber on
part of this slope had been sold for lumber and portable
mills had been at work to strip the mountain side. Great
interest was manifested by summer residents and owners
of property occupied for summer purposes. To prevent
further cutting, the remaining timber on part of the moun-
iain side was purchased. These purchasers, alleging that
further protection was demanded for the public good,
in the summer of 1904 petitioned the commission to set
apart about five hundred acres, under the statute, as a
public park. Preliminaries having been complied with,
a hearing was held by the full board at Jaffrey Center,
September 21. The petitioners and all parties in interest
appeared by counsel, when an exhaustive and prolonged
hearing was holden, followed by an actual view and inspec-
tion by the commission of the tract in question.

The decision of the board being unanimously in favor
of granting the prayer of the petition, the following order
was made:



18 REPORT OF FORESTRY COMMISSION.

STATE OF NEW HAMPSHIRE.
IN BoArRD OF FORESTRY COMMISSIONERS.

In the matter of the petition of Isaac Sprague, Louis
Cabot, Joel H. Pool and Arthur E. Pool for the purchase
or condemnation of certain adjoining described tracts of
land, containing five hundred acres, more or less, at the
base of Monadnock Mountain, in the town of Jaffrey, in
the county of Cheshire, the same to be devoted to the pur-
pose of a public park as the statute provides.

The board having given a hearing upon the same, at
which the parties in interest were present with counsel, to
wit, at said Jaffrey, on the 21st day of September, 1904,
is of the opinion that the taking of the described lands
for the purpose of a public park would be for the public
good, and, therefore, decides that the prayer of said pe-
tition be granted.

By vote of the board, Commissioner George II. Moses is
authorized to negotiate for the purchase of said lands as
provided by statute.

It is ordered that the petitioners forthwith file with the
board a bond to the state of New Hampshire, with sufficient
sureties, in the sum of eight thousand dollars ($8,000)
for the carrying out of the intent of the petition and this
decision thereon.

HENRY O. KENT,
M. C. WENTWORTH,
GEO. H. MOSES,
GEO. E. BALES,
Porestry Commasstoners.
Concord, N. H., September 24, 1904.

Negotiations for the purchase of this tract are now in
progress, under the terms of the commissioners’ order.
Elsewhere in this report will be found a map showing the
reservation at Juggernaut Pond in Hancock and a photo-
graph indicating approximately the location, size and
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character of the tract on Mount Monadnoclk. Of this lat-
ter tract it is competent to say here that it adjoins the
reservation, already referred to, of 200 acres on the sum-
mit of Mount Monadnock set aside by purchase by the town
of Jaffrey more than twenty years ago for a public park.

A Tour or THE Wo0ODS.

During the summer of 1904, deeming it desirable—be-
cause of pending national legislation to which more ex-
tended reference will be made later in this report—the
<commission invited the members of the state congressional
«delegation to accompany the board on a tour of the main
portion of our grand North Woods; and svas so fortunate
as to secure Senator Burnham and Congressman Currier
iherefor, Senator Gallinger and Congressman Sulloway
being held by engagements from joining the party. By
reason of his early and abiding interest in the forestry
problem and his intimate knowledge of the region, we were
glad to include ex-Governor Jordan in our number.

The area visited embraced the head waters of the Con-
necticut, the First, Second and Third Lakes in Pittsburg,
and the waters of the Diamond, the main tributary of the
Magalloway, itself the chief feeder of the Androscoggin,
both being in the great north forest, stretching from the
Canadian border south to Dixville Noteh; also including
‘the forest area between the Androscoggin at Errol, Dum-
mer and Milan to the alluvial lands on the Upper Am-
monoosuc and Connecticut. In this area are the Diamond
TPonds, becoming a notable resort for fishermen and tour-
ists; Dixville Notch with its lakes, cascades, the profile,
the remarkable state road through the gorge to the Andros-
«coggin, five miles below its outlet from Umbagog Lake,
and the new road opened by Mr. Hale of The Balsams to
Millsfield Ponds, two miles back from the river and 28
miles above Berlin.

The route of this trip proceeded thence down the Con-
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necticut Valley to Lancaster; up the valley of the Israel’s
and Ammonoosuc Rivers to Fabyans and Bretton Woods,
having passed over portions of the new state roads around
the western base of the great range and affording an op-
portunity to observe the young nursery of forest trees
near the Mount Washington Hotel, started by the enter-
prising manager of that caravansary. Here the night was
spent, with a consultation with His Excellency Governor
Bachelder, who joined us there for our further progress.
The next day we passed through Crawford Notch, ob-
serving the source of the Saco, its affluents and forests, as
far as Jackson, one of the most famous of summer resorts.
ITere we were driven over the excellent roads among the
hills, noting tlte added erections of residences and the
growth of attendant business.

The next day the party separated, some going over the
1ailroads down the Pemigewasset and Merrimack Valleys,
the remainder continuing along the Saco to North Con-
way, there taking rail south to the country of the Cocheco
and Piscataqua.

Through the medium of this trip a degree of familiarity
with the region was acquired and a knowledge of actual
conditions obtained relative to the legislation referred to,
not attainable save through actual observation.

We do not deem it irrelevant to comment upon the
marked improvement in the highways of the North Coun-
try, both in extent and excellence, so far as to the remote
Second Connecticut Lake; to Diamond Ponds; through the
gorge at Dixville; to the Androscoggin at Errol; down the
river to Berlin; along the Connecticut valley; over the
highlands of Jefferson and Carroll t0 Bretton Woods;
through the Crawford Notch ; through the Jefferson Notch;
from Fabyan to the Twin and Crawford’s and around
Jackson. The roads are broad, dry and smooth, fitted for
any vehicle and superior to the average road in Central
or Southern New Hampshire.




&

: ¥
e bR oS
eay D S §i¥
3§ DTmd
LI

ST

&"3 gé‘g%

W R

SR

el




REPORT OF FORESTRY COMMISSION. 21

TeEE TREE WARDEN LAW.

The Tree Warden law, first passed in 1895 and radically
amended in 1901, was a measure which, in its practical
operation, proved of great benefit, inasmuch as through its
agency it had been made possible to preserve from destruc-
tion or mutilation more than 400,000 shade trees growing
by our roadsides. The tree wardens, a list of whom is
appended to this report, were, for the most part, the ‘“dis-
«ereet persons’’ whom the law specified they should be, and
their work was done with much care in most of the towns.

In some places, however, there was opposition to the
marking of shade trees for preservation, but in only one
case were the legal remedies provided by statute resorted
to. In the town of Hinsdale, certain trees, which had
been designated by the tree wardens for preservation, were
-ceut by the abutting owners and action was brought against
them under the terms of the statute. The case being
agreed upon, the proceedings were removed to the supreme
court, and at the March term, 1904, the following opinion
was handed down by Mr. Justice Waller :

No. 313 Cheshire.
BiceLow & a. v. WHITCOMB & a.

Debt, by the tree wardens of the town of Hinsdale, to
recover a forfeiture for cutting certain trees within the
laid-out limits of a highway in the town, which had been
designated by the plaintiffs in the manner required by the
law for the purpose of shade and ornamentation. The
defendants who owned the adjoining land pleaded title in
the trees. Facts found by a referee. The case was trans-
ferred from the October term, 1903, of the superior court
by Pike, J.

In January, 1902, the plaintiffs designated the trees in
question for shade and ornamentation as provided in chap-
ter 98, Laws of 1901. No compensation was tendered to
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the defendants by the plaintiffs for the trees. In the fol-
lowing March the defendants cut down the trees.

John E. Allen, Charles H. Hersey and Streeter & Hollis
for the plaintiffs.

Cain & Benton and John M. Mitchell for the defendants..

Walker, J. This action is brought under chapter 98,
Laws 1901, relating to the protection and preservation of
crnamental and shade trees in highways. It provides
(s. 1) that one or more tree wardens shall be appointed by
the mayors of cities and the selectmen of towns; (s. 2)
that ‘“*Towns and cities shall have control of all shade and
crnamental trees sitnated in any public way or ground
within their limits, which the tree warden deems reason-
ably necessary for the purpose of shade and ornamenta-
iion; and it shall be the duty of the tree wardens, as soon:
as possible after their appointment, to carefully examine
the trees, situated as aforesaid, and to plainly mark such
trees as they think shonld be controlled by their municipal-
1ty, for the purposes aforesaid, by driving into each tree,
Jt a point not less than three nor more than six feet from
the ground on the side toward the highway, a nail or spike,
with the letters ‘N. H.’ cut or cast upon the head. * * *
They shall also have the power to designate from time to
time, in the manner as hereinbefore directed, such other
trees within the limits of the public ways and grounds as
in his (their) judgment should be preserved for orna-
ment or shade;’’ (s. 3) that ‘‘If any of the trees desig-
nated as aforesaid should prove to be private property,
and the owners thereof refused to release or convey their
interest therein to the municipality, the tree warden shall
acquire them for the use of the city or town, by purchase,
if it can be done at a fair price. Failing in this he may,
on petition for that purpose, acquire them in the same way
and manner and with the same right of appeal to their
owners as in the case of land taken for a highway;’’ (s. 4)
that towns and cities may appropriate money ‘‘to be used
by the tree warden in planting, pruning, protecting and,
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whenever necessary, acquiring shade and ornamental trees
within the limits of their public ways and grounds;’’ (s. 5)
that such trees shall not be removed except after a public
hearing, ete.; (s. 6) that ‘‘It shall be unlawful to cut, de-
stroy, injure, deface, or break any public shade or ornamen-
tal tree ¥ * *¥’7. and (s. 8) that ‘‘Persons violating any of
the provisions of this act shall forfeit not less than five nor
more than one hundred dollars to be recovered in an action
of debt by the tree warden * * * 7’

It is apparent that the Legislature in enacting this stat-
ute recognized that there might be a private ownership in
trees located within the limits of highways, and provided
the means by which such private ownership might be legally
terminated by the public upon due compensation therefor.
McCarthy v. Boston, 135 Mass. 197, 200. No attempt is
made to authorize the warden to appropriate trees standing
in the highway, without a hearing and compensation, un-
less they are public property. Private property in such
irees, when it exists, is fully protected. Hence the ques-
tion in this case is, not whether the statute is constitutional
but whether the plaintiffs, as tree wardens, have observed
the statute in attempting to appropriate the trees in ques-
tion to the public use of shade and ornamentation. Their
proceedings in the premises have been based entirely upon
the theory that the trees were not private property and
that the defendants had no legal rights thereto; in other
words, that the trees were public property, for the greater
protection and preservation of which it was only necessary
that they should be marked in the prescribed way.

It is assumed, in the absence of a finding to the contrary,
that the trees in question stood on the side of a country
road and that their ownership was not peculiar, but de-
pended upon the legal effect of the laying out of ancient
highways upon the property rights of the landowner. If,
when the highway was laid out, the public acquired the
right, not only to construct and maintain a road over the
land and to pass and repass thereon, but the right to de-
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prive the landowner of the natural growth upon the side
of the traveled path whenever a later public sentiment
might require it for ornamentation or comfort, the land-
cwner’s title to such growth is not an absolute one, and the
public may terminate his limited and qualified right at
pleasure and without further compensation. And it is
the plaintiff’s contention that from the time when the
highway was laid out, early in the last century, until they
marked the trees, as provided in the statute, in 1902, the
defendants, or their ancestors in title, might have legally
cut down the trees and used the logs and wood for their
own purposes, by virtue of their ownership of the adjoin-
ing land; but that after the trees were designated by the
tree wardens for shade and ornament, their right to ap-
propriate the trees as their property ceased or was in
abeyance, by virtue of an original right which was vested
in the public when the highway was laid out. This theory
might not be inaccurately stated to be that the public ac-
quired the right to use the natural growth of the land, with
a permissive right in, or license to, the abutter to use and
consume it, until such time as the public might indicate
its desire to use it for some highway purpose. On the
other hand it is denied that the public atquired any right
to the products of the soil, as the grass and trees naturally
growing thereon, except to remove them from the ground
when necessary for the convenience or safety of public
travel over the way; and that so long as they do not con-
stitute an obstruction or menace to travelers, the abutter
has an absolute right to have them grow there, and an
equally unlimited right to remove them.

It is a general principle, which is not controverted in
this case, that, ‘‘In highways laid out through the lands
of individuals in pursuance of statutes, the public has
only an easement, a right of passage; the soil and freehold
remain in the individual, whose lands have been taken for
that purpose.’”’ Makepeace v. Warden, 1 N. H. 16. And
it was held in that case that if surveyors of highways in
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making or repairing roads cut and convert to their own
use wood growing thereon, they are trespassers. ‘‘The
right acquired by the public in a highway legally estab-
lished for the public use is only an easement, a right of
passage over the land. * * *  This right consists in the
power to make the road and to keep it in repair suitable
for travel, and in its free use by the public for all proper
purposes, until discontinued. @ In making or repairing
highways, however, nothing can be taken from the land
cver which they are laid, by the town authorities, for any
purposes except the legitimate end of constructing the
roads. Everything growing or standing upon the land,
the trees, timber, etc., belongs to the owner ; and everything
that goes to form the land itself also belongs to him, ex-
cept what is necessary to be actually used in the making
<r repairing the highway.”” Rowe v. Addison, 34 N. H.
306, 311, 312. See, also, State v. New Boston, 11 N. H. 407,
409; Troy v. Railroad, 23 N. H. 83, 93; Blake v. Ricl, 34
N. H. 282; Graves v. Shattuck, 35 N. H. 257; Winclester
v. Capron, 63 N. H. 605; Bailey v. Sweeney, 64 N. H. 296;
Jackson v. Hathaway, 15 Johns. 447, 453 ; Perley v. Chand-
~ ler, 6 Mass. 454, 456. ‘‘The owner of the land, therefore,
retains his title in trees, grass, growing crops, buildings
and fences standing in the highway at the time of the lay-
ing out (unless he fails to remove them within a reason-
able time after notice to do so), as well as in mines or
«quarries beneath, which are not part of the surface of the
earth upon and of which the highway is made.’’ Den-
aiston v. Clark, 125 Mass. 216, 221. He ‘‘owns the trees
growing upon it and may maintain trespass against any
cne cutting them, or gathering their fruit, or for any other
invasion of his possession. But of course the proper pub-
lic guardian of the highway may cut down any tree which
is a permanent obstruction to the use by the public of any
part of the highway.’”” Jones, Easements, s. 479; Turner
2. Highway Board, L. R. 9 Eq. 418.

In Baker v. Shephard, 24 N. II. 208, it was held that
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by the laying out of a highway, the public acquire no right
to use the trees growing upon the land to build or repair
the road. In the opinion of the court, Judge Bell says
(page 215) : ‘“‘The question is, whether the trees growing
upon the land laid out for a highway are all to be deemed
materials subject to the same rules as sand, gravel, etc.,
lhable to be cut down at the discretion of the agent for
building the road, and to be used for the repairs of the
road. If they are not, then the question is whether the
agent or surveyor has a right to ecut down any trees grow-
ing in the highway land, except such as it is necessary to
cut down and remove for the purpose of building and
repairing the road in a reasonable and proper way; and
whether the trees properly cut down for this purpose can
he deemed materials, and applied, at the pleasure of the
agent or surveyor, to the construction or repair of the
traveled way.””  After showing the difficulty of assess-
ing damages occasioned by the acquisition by the publie
of such rights in trees growing by the side of a highway,
he proceeds (page 217): ‘““The appraisal must have been
made of the trees as they were. Their increased size and
value is derived from their being permitted to occupy
and draw their nourishment from the soil of the land-
owner, to the profits of which, subject to the public ease-
ment, he is exclusively entitled. Can the trees be taken
and applied to the public use without allowing him any-
thing for their increased value? For how many years
may the public leave the trees, in which they are supposed
to have a right, to grow upon the highway and then de-
prive the owner of the profits of his land? It is this cir-
cumstance, that the increase of growing timber makes a
part of the natural profits of the soil, which marks a clear
line of distinction between trees and the inanimate sand
and gravel, which are always materials liable to be used
vpon the highways.”” And he concludes that the only
vight the public ‘‘acquire in relation to such trees, is that
of cutting down and removing to a convenient distance,
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for the use of the owner, such trees as it is necessary to
remove in order to the making or repair of the road in
a proper and reasonable manner. In this conclusion
we are supported by the ancient authorities.””

A similar result was reached in Tucker v. Eldred, 6 R. L.
404, where it was held that, in opening a new highway or
amending an old one, the town sergeant or surveyor may
under the law remove growing trees or brushwood from
the space appropriated to the highway, but has no right,
as included in the original assessment of damages, or the
easement of the publie, to use such trees or underbrush
in the building or amendment of the roadway; and that
if he does so use them he becomes a trespasser. In Suf-
field v. Hathaway, 44 Conn. 521, it was held that the se-
lectmen of a town have no right as against the owner of
land on the highway to divert the water from a spring
cn such owner’s side of the road to a public watering
trough on the other side. The court say ‘‘as between the
public and the respondent, the owner of the spring, the
latter is entitled to any and all uses of it which do not in-
terfere with the public safety, do not obstruct or hinder
public travel and do not increase the public burden of
making repairs. ¥ * * The right of the owner to the use
of the spring under these limitations takes precedence of
ihe right of the officers to divert it to the lands of others,
if in so doing their sole motive is to establish a public
watering place. Of course, such places afford great re-
lief to man and beast; but, commendable as is the act of
establishing them, towns have no right to take private
property without compensation for that purpose.” In
Deaton v. County, 9 Iowa 594, the question arose upon an
assessment of damages in the laying out of a highway, the
plaintiff claiming that he was entitled to compensation
for timber growing in the highway; but the court held
that his title to the trees was not divested or affected by
ihe condemnation proceedings. For the same reason it
has been held that the public acquire no right to remove
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stones embedded in the ground below the grade of a high-
way and to use them in repairing the road. Rich v. Min-
neapolis, 37 Minn. 423 ; Overman v. May, 35 Iowa 89, 97;
Winter v. Peterson, 4 Zab. 524; Statute 7, George III, c.
42 s. 3; Statute 13, George III, c. 78, s. 16; Ib., c. 78, s. 27.

On the other hand it was decided in Felch v. Gilman, 22
Vt. 38, that the highway officers may use trees growing in
ihe highway in repairing the road; but the reasoning of the
<court is not so convincing as to warrant a re-examination
of the decision in Baker v. Shephard, supra, or to weaken
the force of the numerous authorities to the contrary.
Phifer v. Cox, 21 Ohio St. 248, 255.

Upon this examination of the authorities the question pre-
sented whether in laying out a highway under statutory
authority the public acquires a right to prohibit the land-
owner from removing the trees standing in the highway
next to his land, for the purpose of preserving them for
shade and ornamentation. If the public cannot deprive
the owner of his trees by using them in constructing or re-
pairing the road, can they deprive him of his property
right in them by preventing him from cutting them down
and using them in such a manner as he sees fit? It is no
more a deprivation of his property right to cut down his
1rees and devote them to the useful and necessary work of
road construction, than it is to appropriate them standing
for the purpose of shade and ornamentation. An effective
prohibition against one’s use and enjoyment of his property
in a usual and otherwise appropriate manner deprives him
of his property, as much as its actual talking or asportation
against his will.  Faton v. Railroad, 51 N. H. 504, 511,
512. By the act of the plaintiffs, if valid, the defendant’s
common right to remove the trees is destroyed, his right
of user is materially curtailed—and his property is taken.
‘‘Before the public can assume to say that a man cannot
cut down his own trees, they must have acquired an interest
therein by purchase or by the right of eminent domain.
To prevent a man from using his property is virtually
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taking it from him, to a certain extent; and this cannot be
done without compensation.’”’ Lancaster v. Richardson, 4
Lans. 136, 141. Moreover the additional servitude is im-
posed upon the owner’s land of supporting the trees for a
public purpose. Their future growth and nourishment is
to be derived from his soil. He is not only deprived of
ihe valuable right to convert the trees into lumber and wood,
which may be called the natural profits of the land, but he
must allow the trees to remain upon the land and draw
their sustenance therefrom. If he desires to cut off the
branches of fruit trees standing on his side of the highway
(Stackpole v. Healey, 16 Mass. 33, 36), for the purpose of
grafting them and thus of increasing his income from the
land, he is met with the refusal of the public to allow the
arboreal symmetry of the road to be thus impaired. He
finds that his right of property in the trees is practically
superseded by the public right of preserving them for shade
or ornament or both.

If such a right was acquired when the road was originally
laid out, and if damages were assessed therefor, the statutes
authorizing the laying out of highways furnish little con-
vincing evidence in support of that contention. By the
act of February 8, 1791, it was enacted, ‘‘ That at any time
hereafter, when there shall be occasion for any new high-
ways or private roads to be laid out in any town or place
in this state, the selectmen of such town or place be, and
hereby are, empowered, on application made to them, if they
see cause, to lay out the same, * * * and, if such road be
for the benefit of the town or public, due recompense shall
be made by the town to the owners of land through which
such road is laid out for all damages such owners sustain
ihereby.”” Laws, ed. 1792, p. 278; ed. 1797, p. 309; ed.
1805, p. 328; ed. 1815, p. 385.

The first section of the act of July 3, 1829, is a re-enact-
ment of the first part of the statute above quoted, with some
additions not material to the present inquiry, while section
two provides ‘‘that when the selectmen of any town shall
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lay out a highway, they shall make return thereof, in which
the way shall be particularly described and the width there-
of stated, and shall cause the same to be recorded by the
clerk. And such selectmen shall assess the damages there-
by sustained by the owners of the land and shall insert in
the record the sums so assessed.’”’ Laws 1829, c.52. In
R.S.,c. 49, s. 13 and in C. S,, c. 52, s. 16, the language used
s, that ‘‘Such selectmen shall assess the damages sustained
by each owner of the land required for such highway, and
insert the same in their return.”” In the revision of 1867
it is provided that the selectmen ‘‘shall assess the damages
sustained by each owner of the land or other property
taken for such highway and insert the same in their re-
turn.”” G. S, c. 61, s. 15.  This language also occurs in
G.L,c. 67,5.19,and in P. S, c. 67, s. 18. In the highway
legislation of the state no attempt appears to have been
made to state specifically the property right taken for high-
ways or the elements of the flamages sustained by the land-
owner. But the court has frequently been called upon to
define the extent of the power conferred for which damages
are assessable and the rights retained by the landowner
for which he is not entitled to damages. In 1816 it was
decided in Makepeace v. Warden, supra, that the public
Lave only a right of passage in highways, that is, an ease-
ment only. In 1827 a similar holding was announced in
Avery v. Mazwell, 4 N. H. 36. The decision in Baker v.
Shephard, supra, was announced in 1851, to the effect that
the public did not acquire, by the laying out of a highway,
right to use the timber growing therein for its construction
or repair. These decisions, and others of a similar im-
port, give a restricted interpretation to the language of
1ihe Legislature authorizing the taking of private property
for highway purposes (Angell, Highways, s. 83), and have
been recognized by successive Legislatures without any sub-
stantial modification. = The legislative intention in these
respects having been determined so long ago and acted upon
for so many years, cannot now be treated as an open ques-
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tion. The general principle underlying these decisions '
seems to be that the landowner was deprived of such rights
only and was paid for such rights only as were reasonably
necessary for the construction and maintenance of a way for
public travel.  ‘‘The compensation originally paid him for
the taking of land for the road was computed upon the basis
that the road would be built in a manner suited to the then
cxisting cirecumstances.’”’ Hinckley v. Franklin, 69 N. H.
614, 615.

No logical argument in favor of the plaintiff’s contention
can be drawn from the undoubted fact that upon the lay-
ing out of a highway under the statute, the public acquired
the right to use the soil within the limits of the way for its
construction and repair, and thus to deprive the owner of
the profits of the land, which he might otherwise enjoy. As
it has been shown in Titus v. Boston, 149 Mass. 164, 165,
166, ‘It has from the earliest times been the practical con-
struction of our laws authorizing land to be taken for public
use, that the towns or corporations had the right, as one of
the incidents of the taking, to use the gravel or soil of one
part of a way for construction of another part * * *# .”’ See
also Denniston v. Clark, 125 Mass. 216, 222, 223; New
Haven v. Sargent, 38 Conn. 50. The practically universal
wnderstanding and construction of the public right to use
the soil of the way, for more than a hundred years, is evi-
dence of great force upon the question whether it was in
fact acquired and paid for when the way was laid out; and
for a similar reason the fact that, anciently, arboreal shade
and ornamentation of rural highways was not deemed a
matter of much importance is equally strong evidence that
the publie, by laying out a highway, did not acquire a right
10 compel the abutter to suffer his trees to remain for that
purpose. The evidence of such an intention is wanting.
““The locus n quo, although a part of the turnpike road, is
the soil and freehold of the plaintiff. He has the exclusive
right of property in the land, subject, however, to the ease-
ment or rights incident to a public highway; such as the
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right of passage over it and the right which the turnpike
corporation has to construct a convenient pathway and to
keep it always in good repair. To accomplish these pur-
poses the corporation may dig up and remove from place to
place, within the limits laid out for the road, any earth,
sand and gravel, and may dig and cut up sods and turf;
but it by no means follows that the corporation has the
right of herbage, which is the exclusive property of the
cwner of the soil as well as all trees, mines, etc.’”” Dudley
v. Emerson, 6 Pick. 57, 68; Bailey v. Sweeney, 64 N. H.
296 ; Cole v. Drew, 44 Vt. 49.

If the public highway easement for travel and communi-
cation authorizes the construction and operation, either on,
above or below the road-bed of horse, electric or steam rail-
ways, without the consent of the adjacent landowners whose
title extends to the center of the way (Pierce v. Drew, 136
Mass. 75; Sears v. Crocker [Mass.] 69 N. E. 327), it does
not follow that a right to appropriate the natural profits
of that part of the way which is not actually used for travel,
to the public use of ornamentation of rural highways, was
originally taken and paid for. The right to use the way
tor public travel may include the right to use it in all rea-
sonable ways for the convenient accomplishment of that
purpose, but it is an unwarranted inference to say that it
also includes a right to use property for the wsthetic pur-
pose of highway ornamentation, which had never before
been deemed a constituent part of the road for travel and
which could not even be used in repairing the road-bed.
Johnson v. Railroad, 35 N. H. 569, 572. The kind of ve-
hicles the public use in passing over the way may not de-
termine the question of the right of passage—the right un-
der the easement may justify the use of many modes of
conveyance, of which the men who laid out the way had not,
and could not have had, the slightest conception. But
property, like trees standing in the highway, which had no
useful connection with the public passage over the way,
and which when constituting an obstruction to such pas-
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sage was necessarily removed as a nuisance, cannot be
deemed to have been taken at the laying out of the road.
If it had been taken and used for some public highway
purpose, it may be it could have been subsequently used
for a somewhat different public purpose. Trees and herb-
age in the highway which do not interfere with, or ob-
struct, the public use of the road and which are the natural
profits of the unused land, were not taken because they were
not needed for highway purposes. Hence they cannot now
be used by the public without compensation to the owner.
S Kent, Com. 433; State v. New Boston, 11 N. H. 407, 409;
Perley v. Chandler, 6 Mass. 454, 456; Overman v. Way,
35 Towa, 89, 97; Woodruff v. Neal, 26 Conn. 165.

The idea of providing for the shade and ornamentation
of highways is of comparatively modern origin. It does
not seem to have commanded the attention of the people
in the early part of the last century. In 1858, the mayor
and aldermen of Portsmouth were ‘‘authorized to set out
and maintain trees and shrubbery on public squares and
bighways at the expense of the city.”” (Laws 1858, c.
2,128, s. 1) and the next year similar authority was con-
ferred on the mayor and aldermen of Dover. Laws 1859,
c. 2,258. In 1861 a general statute was passed for the
preservation and protection of shade trees, which provided
(s. 1) ““That any town or city shall have full control of the
shade trees situated within the limits of any public street
or highway in, or passing through any town or city; and
shall have full power to make such laws, from time to time,
as may be deemed necessary for the protection and preser-
vation of the same’’; (s. 2) ‘‘If the owners of real estate
in any town or city shall desire to remove any shade tree
or trees, situate between the carriage path and sidewalk,
or within the limits of any public street, he shall obtain
leave of the selectmen of the town or mayor and aldermen
of the city wherein the trees may be located, or conform to
laws which the town or city may have provided relative to
shade trees;”’ (s. 3) ‘‘Nothing in the foregoing shall be

Bid
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construed to debar the owner of real estate to plant, rear
and protect any tree or trees between the carriage path
and sidewalk in any public street or highway on which his
estate is situate, if it do not interfere with the public
travel.”’” Laws 1861, c. 2,502; G. S.,c. 34,ss. 9,10,11. Tt
will be observed that these provisions recognize the proper-
ty right of the abutter in the shade trees in the highway,
subjecting them merely to certain regulations as to their
removal. No attempt was made to deprive him of his
ownership of the trees. By section 6, chapter 1, Laws
1868, towns were authorized to raise money for the planting
of shade trees, and in 1875 such an abatement of taxes was
authorized ‘‘to any person who shall set out and protect
shade trees by any street or highway adjoining his land, as
the said mayor and aldermen or selectmen shall deem just
and equitable.”’ Laws 1875, c. 39, s. 2; G. L., c. 37, ss. 9,
10, 11; Laws 1889, c. 82. These statutes were embodied
in P. S, c. 40, ss. 4, 9, 10, 11, without any material change.
In 1895 it was enacted that the mayor and aldermen of
cities and the selectmen of towns be authorized ‘‘to desig-
nate and preserve trees standing and growing in the limits
of highways for the purpose of shade or ornament,’’ and
that ‘‘whoever shall wantonly or intentionally injure or
deface any trees thus designated * * # shall forfeit not less
than five nor more than one hundred dollars * * * >’ Laws
1895, c. 86. At the next session the Legislature author-
ized selectmen to set out nursery trees, which might be pre-
sented to them, in such highways as the donor should indi-
cate, but provided that ‘‘nothing in this act shall be con-
strued to compel any party to have trees in the highway on
the side next his land without his consent.’”’” Laws 1897,
c. 44,

From this examination of legislation previous to the act
of 1901, it is apparent that it was not part of the legisla-
{ive purpose to deprive abutters on highways of their prop-
erty in the trees growing therein, but to more effectually
guard and preserve such trees (Chase v. Lowell, 149 Mass.
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85) so long as they were permitted to remain in the high-
way. The provision in section 2, c. 98, Laws 1901, that
‘‘towns and cities shall have control of all shade and orna-
mental trees situated in any public way or ground within
their limits,”’” was not intended to have a more extensive
meaning or to be more expressive of the purpose to appro-
priate private property to a public use than langnage of
similar import used in s. 1, e. 2,268, Laws 1861, where the
rights of abutters on highways were recognized and pro-
tected. The Legislature has thus furnished evidence of a
public policy based on an assumption or recognition of the
fact that in laying out highways the abutter retained his
property in the trees therein, which, not being obstructions,
were allowed to stand in the untraveled part of the way.
This practical, contemporaneous construction of the rights
of the landowner is evidence of great weight upon the ques-
tion whether the public acquired the right, when the way
was laid out, to terminate at any subsequent time his pro-
prietary dominion of trees in the highway. That such
a power has not been directly recognized in the legislation
upon the subject, which is readily susceptible of a con-
struction excluding its existence, is a very significant evi-
dentiary fact.

‘Whether a different result might not be reached in the
case of the laying out of a street in a city or populous com-
munity, where all the land taken is required for actual
present use (2 Dill, Mun. Corp., s. 688; Chesapeake, etc.,
Gaslight Co. v. Mackenzie, 74 Md. 36, 47; Bloomfield, etc.,
Gaslight Co. v. Calkins, 62 N. Y. 378; Boston v. Richard-
son, 13 Allen 146, 159), it is unnecessary to consider; for
it seems plain that trees growing by the side of an ancient
rural highway upon land not required for the accommo-
dation of actual travel belong to the owner of the adjacent
land, who cannot be deprived of his rights as owner with-
out compensation, after a legal hearing. @ Winchester v.
Capron, 63 N. H. 605. Whether the trees are useful for
shade and add to the beauty of the way, or whether they
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are only useful for lumber and wood, cannot determine the
guestion of his ownership. If they are his property, he is
entitled to the beneficial use of them, subject to such rea-
sonable regulations as the public use of the highway may
require. White v. Godfrey, 97 Mass. 472, 475; Bliss v.
Bell, 99 Mass. 597; Clark v. Dasso, 34 Mich. 86; Bills v.
Bellknap, 36 Towa 583; Everett v. Council Blujfs, 46 Iowa
66. But to permanently deprive him of the beneficial use
of his property or of the profits or income usually derivable
therefrom, is not a reasonable regulation but is an extine-
tion of his right without corresponding compensation and
amounts to confiscation. As this proceeding is based upon
the theory that the defendants had no right, under any
condition, to cut down the trees in question—in effect, that
their property right in the trees had been legally divested
and fully paid for, and as the plaintiffs have not proceeded
to divest the defendants of their title in the manner pointed
out in s. 3 of the act, the result is that the prosecution can-
not be maintained.
Case discharged. All concurred.

Existive Law SEoULD BE CONTINUED.

From the foregoing it is evident that the tree warden law
in its present form will prove inoperative unless the abut-
ting owners consent to the marking of their trees for pres-
ervation, or unless the towns themselves are willing to sub-
ject themselves to the expense of paying for the trees thus
preserved. So far as we have been able to learn, no town
has expressed a willingness to tax itself for this purpose, and
since the date of the rendering of the opinion above quoted
we have instructed tree wardens to procure the consent of
the abutter in advance of the attachment of any of the tree
tags. In most cases this consent has been readily obtained.

It may be possible to obviale one serious source of em-
barrassment in this matter by enacting a provision whereby
the right to recover damages for designated trees shall be
made contingent upon the action of the abutting owner.
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That is to say that no right to recover shall continue be-
yond a stated period, not to exceed sixty or ninety days,
after the tree has been tagged. Such legislation would
destroy no property rights now existing and would merely
shift the burden of procedure from the state to the indi-
vidual owner.

At any rate the existing law should be retained and made
more workable if may be. It has already resulted in no
little benefit and, if rightly enforced, will add much to the
attractiveness of our highways, which are now the object
of so much attention.

LisT oF TREE W ARDENS.

Below is a list of tree wardens in the state, so far as they
have been appointed by the selectmen :

S. B. Sleeper, Alexandria.
C. H. Coolse, Alstead.
Horace Howell, Amherst.
Frank A. Holbrook, Ambherst.
John H. Dodge, Amherst.

BE. Burt Thompson, Bast Andover.
William Morrill, Andover.
Horace B. Tuttle, Antrim.
George P. Dow, Atkinson.
John George, Center Barnstead.
Harry H. Hall, Bath.

Allen F. King, Bedford.
Samuel W. Knowles, Belmont.

H. J. Burtt, Bennington.
William Kendall, Benton.

F. C. Abbe, Bethlehem.
John E. French, Bradford.
Charles S. Dunbar, Brookline.

Leroy A. Glines,
Dr. L. B. Morrill,

Canterbury Depct.
Center Harbor.

‘John E. Hodgdon, Ossipee.
William Swan, Charlestown.
George W. Stevens, Claremont.

G. H. Haines,
William W. Balloch,

North Chichester.

Cornish (Windsor, Vt. P.'0.).
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John S. Allen,

John P. Webster,
James S. Craine,
Charles W. Forsaithe,
Charles Bartlett,
George W. Rowen,
Milton D. Mason,
Cyrus P. Keay,
Burley O. Avery,
William A. Saunders,
James D. Whiitemore,
Newell S. Tilton,
John H. Waldron,
William B. Chase,
Henry C. Tenney,
Charles N. Emerson,
Rev. Henry C. McDougall,
Edward C. Fox,
Thomas Cogswell,
William H. Stinson,
Frank A. Parker,
Charles A. Chandler,
George B. Kimball,
William H. Packer,
F. W. Ely,

George W. Clyde,
William C. Russ,
Fred E. Stevens,
Emmons C. Newman,
Charles P. Cowdrey,
Charles P. Heywood,
Henry F. Robinson,
Edward L. Clifford,
A. P. McPherson,
Ransom S. Cross,
Frank F. Perry,
George J. Penner,
George B. Shaw,
Arthur E. Poole,
Harlan P. Schelleng,
William D. Veazey,
D. C. Remich,

R. P. Peckett,

Bert Osgood,

Payson E. Fairfield,

Danbury.
Danville.
Deering.
Deering.
Derry.
Dorchester.
Dublin.
Effingham.
Ellsworth.
Enfield.
Epping.
Exeter.
Farmington.
Franconia.
Fitzwilliam.
Franklin.
Franklin Falls.
Freedom.
Gilmanton Iron Works.
Goffstown.
Goffstown.
Gorham.
Grafton.
Greenland.
Greenville.
Hudson.
Hopkinton.
Hooksett.
Hillsborough Bridge.
Henniker.

East Harrisville.

Hancock (Elmwood P. 0.).

Hanover.

Hanover (Etna P. 0.).
Hanover (Enfield P. 0.).
South Hampton.
Hampstead.

Kensington (Exeter P. 0.).

Jaffrey.
Kingston.
Laconia.
Littleton.
Franconia.
Loudon.
Lyme.
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George E. Bates,
Parkman A. Moulton,
Lewis A. Sibley,
James W. Rogers,
Clarence L. Trow,
Charles W. Needham,
Andrew J. Feller,
Anson S. Longa,

Hermon Whittaker,
Charles A. Bemis,
Martin V. B. Felker,
J. J. Doyle,

Conrad Push,

Eben E. Berry,
Horace Clough,
Thomas F. Pickering,
1. B. Aldrich,

Arthur C. Bradley,
William H. Wright,
Edward Hayford,
Frank Peverly,
Charles F. Buell,
Gawn E. Gorrell,
William Tasker,
Oliver B. Tuttle,

BE. Harvey Edmonds,
Frank S. Jenkins,
Frank D. Osgood,
Charles W. Abbott,
Charles W. Cass,
Frank M. Woodbury,
Almon A. Davis,
Charles E. Lowe,
Charles E. Hunt,
John Leavitt Brown,
Frank W. Chase,
William H. Walton,
Thomas D. Merrick,
George S. Hoyt,
Adoniram C. Davis,
John D. Campbell,
James E. Handy,
Joel F. Whittemore,

Mt. Vernon.
Moultonborough.
Moultonborough.
Mill Village.
Milford.
Milford.
Meredith Center.
Merrimack
(Reed’s Ferry P. 0.).
Mason.
Marlborough.
Madbury.

39

Chairman Board of Public

‘Works, Nashua.
Newecastle.
New Durham.
Newfields.
Newington.

New Ipswich (SmithvilleP.0.).

Newport.
Newport.
Newton.
Tilton.
Tilton.

Tilton.
Northwood.
North Nottingham.
Plymouth.
Pittsfield.
Pittsfield.
Peterborough.
Plaistow.
Pelham.

Roxbury (Keene P. 0.).

Randolph.
Randolph.
Seabrook.
Seabrook.
Smithtown.
Somersworth.
Center Sandwich.
North Sutton.
Sunapee.

‘West Swanzey.
Stoddard.
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Fred H. Noyes, Stewartstown.
Prescott Coburn, Stratham.
James Simpson, Shelburne.

M. B. Stevens, West Salisbury.
G. S. Sanborn, Sandown.

Jacob W. Kelley,
George F. Batchelder.
Frank H. Carle,

Salem (Methuen, Mass.,P.0.).
Tamworth.
Tamworth (Chocorua P. 0.).

E. E. Colburn, Temple.

Arthur S. Browne, ‘West Thornton.
Christopher F. Lawson, Troy.

Charles 0. Doe, ‘Wolfeborough.
W. L. E. Hunt, North Woodstoclk.
James H. Bliss, ‘Winchester.
Carlos C. Davis, ‘Winchester.
Henry Sheldrick, ‘Wilton.

George H. Woodward, ‘Wilmot.

James A. Goodwin, ‘Whitefield.
Harry M. Turnper, Wentworth.

Ira P. Whittier,
Joseph L. Tuttle,

‘Webster (Contoocook P. 0.).
Waterville.

Fred Bean, ‘Warner.

E. L. Houghton, Warren.

James Tucker, Walefield.
REFORESTATION.

At the last session of the Legislature measures were taken
to secure state co-operation in the reclaiming to forest uses
of the abandoned lands in the state, and it was' enacted
that such lands, planted with timber trees under certain
conditions, should have almost complete exemption from
taxation for a period of thirty years; while, to facilitate
such action, the Forestry Commission was authorized to
contract with reputable nurserymen for a supply, at re-
duced price, of such seeds and seedlings as were necessary
tor this purpose.

This last provision was hastily drafted near the close of
the session as a substitute for a pending measure, which
provided for the establishment by the state of a forest nur-
sery at an initial expense of ten thousand dollars. The
nursery bill failing to secure passage, the provision above
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cited was drawn, as stated, as a substitute measure, with the
idea that a public demand for forest nursery products
might be developed during the ensuing. two years.

The commission have been unable to carry out the intent
of this enactment. No nurserymen have been found will-
g to enter upon such a contract without a guarantee from
the state of a minimum purchase of seeds or seedlings.
Such a guarantee we were unable to furnish and no con-
tract was therefore made.

On the other hand, it should be said in all fairness, that
no application for seeds or seedlings has been made to us
under the terms of the enactment. It does not follow,
however, that there is no demand for seeds and seedlings
for forest planting, becanse we well lmow the faet to be to
the contrary.

In one or two instances reforestation has been attempted
by certain landowners, who have either raised their own
stock for planting or have purchased it from established
nurseries. In the first class are the Blue Mountain Forest
Park Association at Newport and the Mount Pleasant Hotel
Company at Bretton Woods; while in the latter class is
Mr. Roseerans W. Pillsbury, who has planted a consider-
able tract to white pine on his farm in Londonderry.

A ForReST NURSERY.

‘We have no doubt that if a forest nursery existed in New
Hampshire for the supply of reliable seeds and seedlings,
2 considerable acreage of land, now valueless, could be
brought under forest cover. We are not, however, inclined
at present to recommend the establishment of such a nur-
sery at state expense, because, if the venture should prove
a failure, the state would probably find itself in possession
of property for which there would be no use whatever.

‘We believe, however, that it is possible to meet every le-
gitimate demand of this character without subjecting the
state to any expenditure in a permanent nursery fund.

At Bretton Woods, the Mount Pleasant Hotel Company
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has already established a forest nursery for the propagation
of seedlings for use on its own estate.  This nursery is in
charge of a trained forester from the federal Bureau of
Forestry, and the seedlings there produced are used for
planting on the hotel property, aggregating 10,000 acres in
area, in accordance with a working plan of the Bureau of
Forestry.

At the Blue Mountain Forest Park a similar working
plan is now being carried out under the direction of another
trained forester. It is altogether likely that the state could
make a reasonable arrangement with either the Mount
Pleasant Hotel Company, the Blue Mountain Forest Park
Association or some individual for the supply of such seeds
and seedlings as might be needed—an arrangement which
would relieve the state from any expense beyond such con-
tribution to the annual charges of the existing nurseries
as might be determined upon. @ We therefore recommend
that authority be given to enter into some such arrangement
for a period sufficient to determine whether there is a per-
manent demand for such an institution.

‘Within the last fifty years more than 1,750,000 acres of
our area, or substantially one fourth part of the state, has
reverted from an improved to an unimproved condition.
This land is chiefly worthless in its present condition and is
fit only for bearing trees. If it could be reforested with
some of the more desirable species of timber trees it would
add immeasurably to the future taxable inventory of the
state and would give permanence to many local woodwork-
ing industries which must otherwise soon confront the prob-
lem of extermination.

THE NATIONAL WHITE MOUNTAIN PARK.

As the result of the efforts of the commission and asso-
ciate organizations, notably the Society for the Protection
of New Hampshire Forests and of the Appalachian Moun-
tain Club, public attention during the past two years has
been earnestly directed toward the movement for the estab-
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lishment of a National Forest Reserve in the White Moun-
tain region. It had become evident that private effort
could not stay the devastation wrought even by the best
conducted lumbering among the primal growth. It was
also evident that interstate commercial reasons gave the lo-
cation national import, inasmuch as the headwaters of
five New England rivers, the Connecticut, the Androscog-
gin, the Saco, the Merrimaec, the Piscataqua, turning myr-
iads of spindles and giving life to important industrial
communities, were among these mountains, the demolition
of whose forests would bring serious consequences to New
England, aside from the very great detriment to summer
travel, because they yield so much pleasure and health-giv-
ing recreation to citizens of the entire country and finan-
cial aid to railroads, steamboats and hotel properties, which
in turn are large purchasers of the surplus products and
labor of our people.

The commission in its last report, as sponsor, presented
this question to the Legislature and procured the passage
of the following memorial to congress:

JOINT RESOLUTION FAVORING THE ESTABLISHMENT OF A NATIONAL
FOREST RESERVE IN THE WHITE MOUNTAIN REGION.

‘WHEREAS, certain permanent and summer residents of this state
have taken steps to memorialize congress for the establishment
of a national forest reserve in the White Mountain region; and

‘WHEREAS, the establishment of such a reserve would perpetuate
valuable forest growths and forever preserve the headwaters of
several important streams and thus benefit the commerce, indus-
try and agriculture of all the New England states, save one; and

‘WHEREAS, the White Mountain region is of increasing impor-
tance as a pleasure resort to fully one quarter of the entire popu-
lation of the country who reside within easy reach of it; there-
fore be it
Resolved by the Senate and House of Representatives in General

Court convened: .

That the Legislature of New Hampshire hereby expresses its
approval of the proposition to establish a White Mountain na-
tional forest reserve.



44 REPORT OF FORESTRY COMMISSION.

That the consent of the state of New Hampshire be and is
hereby given to the acquisition by the United States by purchase,
gift or condemnation according to law, of such lands in this state
as in the opinion of the federal government may be needed for the
establishment of a national forest reserve in the White Mountain
region.

That power is hereby conferred upon congress to pass such laws
as it may deem necessary to the acquisition of lands in this state
for the purposes of such a national forest reserve.

That power is hereby conferred upon congress to pass such laws
and to make, and provide for the making of, such rules and regu-
lations of both civil and criminal nature, and provide punishment
for the violation thereof, as, in its judgment, may be necessary
for the management, control and protection of such land as may
from time to time be acquired by the United States under the
provisions of this joint resolution: Provided, That the state of
New Hampshire shall retain a concurrent jurisdiction with the
United States in and over such lands so far that civil process in
all cases, and such criminal process as may issue under the au-
thority of the state against any person charged with the com-
mission of crime without or within said jurisdiction, may be exe-
cuted thereon in like manner as if this joint resolution had not
been passed.

That the senators and representatives in congress from this
state are hereby requested to urge upon congress the importance
of prompt and favorable action on behalf of the proposition to
establish a White Mountain national forest reserve.

[Approved January 20, 1903.]

In furtherance of the idea was procured the appropri-
ation for the White Mountain forest survey, of which we
have heretofore spoken, and as a result of which it was
expected to procure evidence supporting the claim of the
‘White Mountain region upon congressional attention.

After consultation with our delegation in congress, with
the societies referred to and with friends of the work
throughout New England and the country, and as the re-
sult of the information derived from the forest survey con-
ducted through the year, the commission determined to pre-
sent a bill at the opening of the second session of the Fifty-
eighth Congress.

After consideration, a measure, drawn upon the lines of
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the one pending, presented by the central-southern states
and known as the Southern Appalachian bill, was decided
upon, as embodying the essentials of legislation most like-
ly to invite support and to disarm opposition.

This bill, prepared by us, was introduced in the Senate
by Senator Gallinger soon after the opening of the session
of congress in December and is as follows:

A BILL.

FoR THE PURCHASE OF A NATIONAL FOREST RESERVE IN TIE WHITE
MOUNTAINS, TO BE KNOWN AS THE NATIONAL WHITE MOUNTAIN
FOREST RESERVE.

Be it enacted by the Senate and House of Representatives of the
United States of America in Congress assembled:

That the Secretary of Agriculture is hereby authorized and em-
powered, in his discretion, to purchase land suited to the purposes
of a national forest reserve in the White Mountains, within the
State of New Hampshire, in total extent not to exceed one million
acres, and to care for, protect, use and make accessible the said
reserve, the same to be known as the “National White Mountain
Forest Reserve.”

SEcT. 2. That the Secretary of Agriculture shall advertise in
the State of New Hampshire for lands to be purchased under the
provisions hereof, and as between lands of equal value, for the
purposes of this act the lowest bids shall be accepted: Provided,
That the Secretary of Agriculture is hereby authorized and em-
powered, in his discretion, to contract for the purchase of lands,
exclusive of the timber thereon, of kinds and sizes to be specified
in the contract, said timber to be cut and removed under the su-
pervision of the Secretary of Agriculture in accordance with rules
and regulations to be established by him for that purpose: Pro-
vided further, That the Secretary of Agriculture is hereby author-
ized and empowered, in his discretion, to contract for the pur-
chase of lands, exclusive of the mineral rights therein; and on
such lands so acquired mineral deposits may be mined under such
rules and regulations as the Secretary of Agriculture may pre-
scribe, and which rules and regulations, as provided in this sec-
tion for cutting and removal of timber and mining for minerals,
shall be embodied in the contract for purchase and conveyance
of title.
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Sect. 3. That in the acquirement of lands for the purposes of
this act the Secretary of Agriculture shall conform to the condi-
tions prescribed in the present or future act or acts of the Legis-
lature of the State of New Hampshire ceding to the United States
the right to acquire and control such lands: Provided, That when
the owners of lands sought to be acquired for the purposes of this
act are unwilling to sell the same on terms satisfactory to the
Secretary of Agriculture, condemnation proceedings for the ac-
quirement of such lands shall not be had so long as the said owner
shall protect and perpetuate the forests on said lands, under such
regulations as may be prescribed by the Secretary of Agriculture
for the control of the forests on other lands purchased by the gov-
ernment under this act, so far as the same may be applicable.

SEcT. 4. That the Secretary of Agriculture is hereby author-
thorized and empowered to accept gifts of land for the purposes
of this act, and such lands shall thereafter be known by such
names as the donors, with the approval of the Secretary of Agri-
culture, may prescribe.

SEct. 5. That the Secretary of Agriculture may do all things
necessary to secure the safe title in the United States to the lands
herein provided to be purchased; but no payment shall be made
for any land purchased under this act until the title to such land
shall be satisfactory to the Attorney-General and conveyance
thereof duly executed and accepted.

Sect. 6. That the Secretary of Agriculture shall make provi-
sion for the reforesting of clearings on lands purchased under
the provisions of this act, whenever such planting shall be neces-
sary for the protection of the soil or water supply.

SEcT. 7. That the Secretary of Agriculture is hereby empow-
ered and directed to make such rules and regulations and estab-
lish such service as he may deem necessary for the care, protec-
tion, control and use of such forest reserve, and to sell such wood,
timber and other products as may be removed without injury to
the forest: Provided, That no wood, timber or other products shall
be sold otherwise than under such rules and regulations as shall
be prederibed by the Secretary of Agriculture, but no sale of such
products shall be made at less than the appraised value thereof:
And provided further, That the proceeds of such sale shall be
covered into the treasury of the United States.

SeEct. 8. That the Secretary of Agriculture is hereby author-
ized and empowered to make contracts for the purchase of lands
and accept conveyance thereof in accordance with the provisions
of this act to the amount of not to exceed five million dollars;
and the sum of one million dollars thereof, to be available imme-
diately and until the expiration of the year ending June thirtieth,
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nineteen hundred and six, is hereby appropriated, out of any
moneys in the treasury not otherwise appropriated, for the pur-
chase of lands for a national forest reserve and otherwise to
carry out the provisions of this act: Provided, That the Secretary
of Agriculture shall each year make a detailed report to congress
of his doings in the premises: And provided further, That no part
of said sum hereby appropriated shall be expended for the pur-
chase of land in the State of New Hampshire under the provisions
of this act until a valid title to the same shall be vested in the
United States, and until the said state shall have ceded to the
United States exclusive jurisdiction of the same during the time
the United States shall be or remain the owner thereof, for all
purposes except the administration of the criminal laws of said
state and the service of any civil process therein.

SUPPORT FOR THE MEASURE.

The bill was referred to the Senate committee on forest
reservations and preservation of game.

Through the instrumentality of the commission a prompt
and vigorous movement was soon under way to petition
congress in favor of the measure, and more than 500 pe-
titions, signed by more than 10,000 persons, were presented
to congress by our senators and representatives.

In April, 1904, as the session of congress was approach-
ing its close, the president and secretary of the commission
visited Washington on behalf of the White Mountain Re-
serve bill, and, as a result of a brief but vigorous campaign,
were enabled to procure a favorable report on the measure
from the committee to whom it had been referred. The
report will be prepared by Senator Burnham of our own
state, one of the members of the committee, and will be filed
at an early day in the approaching session of congress.

‘While it is impossible to predict immediate favorable
action by congress upon this subject, we are, nevertheless,
encouraged to believe that at some time, probably not re-
mote, a National White Mountain Forest Reserve will be
established. It will be necessary, however, to continue the
agitation vigorously in order to induce congress to act fa-
vorably on the measure.
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The efforts of the commission in this direction will not
be relaxed. The campaign of petitions, already so well
begun, will be continued more energetically than before;
and in addition we shall utilize all means within our power
to engage the favorable attention of individual members
of both houses of congress to the tremendous importance
of this measure to New England’s most vital interests.

OuR DELEGATION ACTIVE.

Our senators and representatives in congress are ardent-
ly enlisted on behalf of the White Mountain Reserve. To
Senator Gallinger all friends of the measure owe an especial
debt of gratitude for his prompt sponsorship of the bill
and for his energetic and helpful labors in aid of its fa-
vorable reporting from its committee. Senator Burnham,
a member of the committee, has been in a position to render
the measure great assistance and has the further oppor-
tunity successfully to attempt its early passage through
the Senate. In the IHouse, Congressman Currier’s labors
have been of high value in securing concord of opinion
between the friends of the White Mountain bill and the
friends of a similar measure for the Southern Appalach-
ians. This latter proposition was favorably considered in
the Senate during the Fifty-seventh Congress, but failed
of passage in the House. Its friends have hitherto claimed
for it a legislative priority over the White Mountain meas-
ure; but, thanks to Mz. Currier’s good management, the
House advocates of both measures are now ready to act
upon them at the same time, a circumstance which leads
to the hope that our relief by congressional action may not
be as remote as some have thought.

Congressman Sulloway has given to the bill the benefit of
all the support and influence which his long service in con-
gress now permits him to enjoy and his energies in its be-
half promise no small degree of support for it.

In our last report we published a full outline of the gen-
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eral argument in favor of the White Mountain Forest Re-
serve and we do not deem it necessary to multiply the pres-
ent pages by a repetition of it.

It had been expected that the results of the examination
of the White Mountain region, previously referred to,
would produce many facts tending to emphasize the great
desirability of favorable action on the part of congress.
The report of the examining party, as printed elsewhere in
this report, provides such argument.

CONTINUATION OF HYDROGRAPHIC WORK.

In one respect, however, it is incomplete. = The hydro-
graphic portion of the examination, by means of which is
to be determined the relation of the New Hampshire forest
cover to the great water courses of the several states of
New England originating within our state, must necessarily
cover a more extended period of time than has been pos-
sible since the beginning of the examination in May, 1903.

The arrangement made with the Bureau of Hydrography
of the United States Geological Survey was that the funds
of the bureau should supplement the state appropriation,
dollar for dollar, in every expenditure made in New Hamp-
shire, and we have thus been enabled to procure a consider-
able body of data at little expense.

In carrying forward this work several gage stations have
been established at different points on our water courses,
and readings are now being taken continuously. It is not
the purpose of the Geological Survey to continue these read-
ings, however, unless New Hampshire desires it. The of-
ficials of the Survey express an entire willingness to go on
with the work under present conditions if authority can
be obtained for so doing. We therefore recommend that
provision be made also for carrying on the hydrographic
examination for the ensuing two years.

4%
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COMPLETION OF F'OREST MAP.

The success attending the forest examination of the
‘White Mountain region is so great and the value of the re-
sults secured is so obvious, that we recommend the exten-
sion of a similar examination to all the other forested areas
of the state.

‘Within the territory in New Hampshire lying south of
the limits covered by Mr. Chittenden and his party much
field work has already been done by the federal Bureau of
Forestry, and a considerable amount of data is now avail-
able concerning the secondary forest area. While the area
to be explored is considerably larger than that covered by
the Chittenden field party, it is obvious that, by reason of
ihe work already done, of the smaller proportion of area
covered by actual forest, of the facility of movement with-
in the designated territory and of the more favorable to-
pography, a forest survey of that portion of the state could
be made very rapidly. @We therefore recommend that
the Legislature authorize the expenditure of the balance
now remaining in our hands from the appropriation of
1903, together with such sum as is necessary to make a total
of three thousand dollars, for the extension of the forest
survey over that portion of the state not already covered.

Two highly desirable results would be secured by such
action: (1) The forest map of the state, now complete as
regards the White Mountain region, could be perfected
with reference to our entire area; and (2) the work of ex-
amination could be made to include an investigation of
soil and topographical conditions, which would enable the
people of the state to Imow what of the waste lands which
we now have could be best utilized in forest culture.

IMPROVEMENTS IN F'ORESTRY WORK.

Since our last report there has been great improvement
in forest conditions and in the manner of presenting for-
estry interests to the public. Lurid editorials, once filling
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distant and poorly informed journals, have disappeared;
sensational correspondence from mountain and forest re-
sorts has given place to sensible and interesting statements
of actual conditions.

The relations between the great interests involved in for-
est preservation and culture have become better known and
understood, so that the diverse and somewhat complex un-
dertaking, involving capital and skilled labor, a higher de-
gree of proficiency in the management of lumber operations,
the construction of roads and even the erection of places
of entertainment, have become blended into an interdepend-
ent system, wherein all plans combine for forest protection,
personal enjoyment, commercial and ®sthetic profit.

Much as has been accomplished, there yet remains much
10 do in like direction. @'We have not yet recovered from
the devastating fires of 1903. Great areas were then de-
stroyed, that can never in the life of living man be re-
placed. Attention must yet be concentrated on preventive
measures, with forest patrols and municipal control to save
repetition of dire disaster. It is beyond doubt that last
year’s fires were widely scattered along railway lines, oper-
ated both for timber purposes and ordinary traffic. It is
to be presumed that the managers of these roads will con-
stantly seek for protection from self interest alone through
any practical devices. All aid available from the Legis-
lature should be granted.

There are spots in our wooded domain that should be put
beyond risk of cutting, if possible, at an early day. Such
spots as the slopes of Mt. Adams in the Presidential Range,
the growth around Glen Ellis Falls and at salient points
in the mountain region should emphasize the need of im-
mediate action. As the commission has no funds, volun-
tary contributions or Legislative action alone can prevent
devastation, pending action by the congress.

‘With the more complete understanding of the subject
that now obtains, there has undoubtedly grown better, more
economical and less wasteful methods of lumbering.
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NEw HAMPSHIRE’S FOREST COVER.

The state may be broadly divided into three classes of
land under forest cover: (1) Those areas everywhere that
have been cut over—the great tracts in the lumber woods,
exterminated or ruthlessly cut, to grow up into sprout land
in a few years, remaining as palpable traces of devastation
on mountain side and valley, but which are robbed of their
commercial value; (2) those detached groups of second
growth, scattered over the southern, western and southwest-
ern parts of the state; and (3) the lessening area of pri-
meval forest growth.

Time alone can hide by young growth the deep scars in
the northern region and among the great mountains and
valleys; the incoming of summer residents and lovers of
nature to all the hillsides and points of attraction in lower
New Hampshire has checked through purchase, and will
continue to check in like manner, destruction in that sec-
tion; while the right to apply to the state to condemn, in
flagrant cases of spoiliation, will prove a potent factor to
retain spots of natural beauty and forest cover.

There is no manner of doubt that our forest cover of all
kinds increases year by year and we may conclude that its
scenic value adds to the material wealth of the state.

There is, however, one thing against which we may not
contend successfully unless strengthened by the federal
power. Intelligent landowners and even promoters will
preserve their land for recurring crops of timber. The
summer guest and lover of the beautiful may secure minor
areas by purchase or in extreme instances through the dras-
tic course of condemnation, but against the demands of
printing press and paper mill there is little protest possible.
The state is not in condition to buy up all its forest land
or to exercise the right of eminent domain, to be followed
of course by compensation.

Our natural hope seems to be with congress through the
establishment of reservations that will protect our water
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supply, the source of power for manufacturing enterprises,
furnishing employment to labor and investment to capital,
and establishing a natural sanatorium to which may come
‘the weary and the pleasure seeker for the pure air, glanc-
ing waters, crisp breezes and a touch of mother earth in
her best estate.

‘We have devoted our efforts toward the establishment
of this national park. We respectfully submit that with
local problems entirely within your control, the preserva-
tion of the forests and forest cover of Southern New Hamp-
shire is found in the self interest of owners of smaller areas,
while the establishment of a national park or parks among
the mountains and lakes of the great north forests of our
upper counties will alone afford preservation and develop-
ment of the deeper woods and those grander landscapes
possible of attainment.

FUrRTHER RECOMMENDATIONS.

The report of Mr. Chittenden, to which such frequent
allusion has been made, embraces, in addition to the detailed
results of his examination, two important recommenda-
tions:

1. There should be a chief fire warden, who should also
be state forester, who should maintain a state forest nur-
sery for the distribution at cost of forest seeds and seed-
lings, and should bring about, by lectures and instruction
on the ground, a better management of forest lands within
the state.

2. Since an excellent opening exists for the creation of
a state reserve by the purchase of cut-over land in the
mountains, the adoption of a policy looking to this end is
recommended.

That portion of Mr. Chittenden’s recommendation rela-
ting to the establishment of a forest nursery we have al-
ready discusseg. ‘We are of the opinion that, in the pres-
ent condition of the state revenues and expenditures, it
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would be unwise for New Hampshire to undertake to invest
even so small a sum as ten thousand dollars in a plant which
may prove in a few years of little or no value; but we are
earnestly in favor of some arrangement being made where-
by existing nurseries can be used for the general good of
all our citizens.

Mr. Chittenden’s second recommendation, looking toward
the creation of a state reserve by the purchase of cutover
lands in the mountains, need not be seriously considered at
present. The ‘‘excellent opening’’ for the creation of such
a reserve to which he refers, will not immediately disap-
pear, and it will be ample time after the failure of the
present vigorous movement for the establishment of a na-
tional reserve to discuss ways and means for the creation
of a state reserve upon any basis whatsoever.

The recommendation for a state fire warden, who should
be the state forester, brings up the entire question of the
reorganization of the forestry department.

As we have elsewhere said in this report, the present
forestry commission was established at a time when the for-
estry movement was wholly in a sentimental stage, although
the board in its first'report, in all succeeding reports, and
in all its work, has endeavored to lay emphasis more es-
pecially on the practical side of forestry. At that time, too,
there were few, if any, trained foresters in New Hampshire,
there being no demand for them. There was then no forest
school in this country, and little or no attempt was made by
any landowner to gather his timber crop in any but the
most expensive and wasteful of methods.

In the last ten years all this has changed. There are
now several schools of forestry in the country, two of them
being in New England; there is a large body of trained
foresters available for forestry work; timber landowners
are coming to realize the absolute necessity for the adoption
of rational forestry if they are to continue in business;
and the recasting and enforcement of our forest fire laws
probably makes it of some importance that New Hamp-
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shire should now consider whether its forestry department
should not be in some degree reorganized.

We are not certain that it would be wise to create a
single-headed department such as a state forester would be,
but we think some course might be readily devised which
would secure all the advantages of trained forestry service
in the department and at the same time preserve to the state
its traditional method of procedure.

For example: If a bi-partisan commission of two mem-
bers could be established, clothed wholly with administra-
tive power and its members authorized to appoint a for-
ester, probably a satisfactory solution of the problem would
be reached. Such a course has one important argument
in its favor: Under the present forestry laws, the forestry
commission sits in a quasi-judicial capacity in hearings on
petitions for the taking of land for public parks. Such
hearings, involving as they do many disputed points of
public policy and local necessity, ought not to be decided
by one mind. Owur experience has shown, however, that
a commission the size of the present one is too large, be-
cause of the difficulty of securing a quorum to sit in such
cases at the desired times. @We give it as our opinion,
therefore, that a commission of two, authorized to appoint
a forester, might serve all the purposes of the case. The
commission could then exercise the administrative and ju-
dicial functions now devolving upon the present board,
while the forester could assume the duties of a fire warden
and could carry on the educational work heretofore re-
ferred to.

In the event of such a reorganization of the department,
we venture to suggest that the commissioners should not be
required to serve without pay. While there are no doubt
many disinterested and high-minded citizens who would be
willing to assume the duties of the office without compen-
sation, the experience of the present board in such matters
has been such as to warrant the assertion that if the services
of any man are worth having they are worth paying for.
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‘We therefore suggest that if such reorganization as we have
indicated is undertaken, provision be made for suitable
compensation for the commissioners, the same as for a for-
ester. It might be possible to provide for a small salary
for the commissioners and for the forester without mate-
rially increasing the expense of the department over what
it has beeu in some years under the present system.

HENRY O. KENT, President,
GEORGE H. MOSES, Secretary,
GEORGE E. BALES,
MARSHALL C. WENTWORTH,

Forestry Commissioners.
Coxncorp, October 30, 1904.
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PLATI 1.

FIG. 1.—M7T. BOND, SIIOWING CLEAR CTUTTING ON UPPER SIOTES.

FIG. 2—MT. WEBSTBER. THBESE STEREP SLOPES ARE EASILY BRODBD.
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FIG. 1.—NORTII PEAK OF MT. CLAY. ELEVATION, 5,334 FEET.

FIG. 2—PRESIDENTIAL RANGE. MTS. CLAY AND JEFFERSON.



FOREST CONDITIONS OF NORTHERN
NEW HAMPSHIRE.

INTRODUCTION.

Early in 1903 the Legislature of New Hampshire passed
the following resolution :

Resolved by the Senate and House of Representatives in Gen-
eral Court convened:

That the forestry commission be and hereby is authorized and
directed to procure, upon terms to be approved by the governor
and council, a general examination of the forest lands of the
‘White Mountain region by employees of the Bureau of Forestry
in the Department of Agriculture at Washington, whose report
shall be laid before the next session of the General Court; and
the governor is hereby empowered to draw his warrant for a sum
not exceeding five thousand dollars upon any money in the treas-
ury not otherwise appropriated to meet the expense of such
examination.

Approved February 24, 1903.

The examination authorized by this resolution was begun
in May of the same year and prosecuted during the summer
months.

The lines of investigation followed were those laid down,
after consultation with the State Commission, in the follow-
mg extract from a letter from the Secretary of Agriculture
to the Commission :

The specific purpose of this work will be to determine by a
thorough study on the ground of the conditions existing in the
forest and the causes of those conditions; to estimate the cost
and devise the methods necessary to the preservation of the forest
of the White Mountain region and ultimately of the whole state;
and to forecast the character and the value of its results.

The following lines of investigation commend themselves to me
as the more important:
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1. A study of the composition and quality of the forest and
an estimate of the present stand, results which would be used
partly in the completion of the forest map of New Hampshire,
published in 1894.

2. A study of the characteristics of the more important trees
and of the conditions necessary to their successful reproduction.

3. A study of the methods and extent of lumbering, of its
effect upon the forest, and of those modifications which are prac-
ticable in order to improve the condition of cut-over lands.

4. An investigation of the value of the forest as a conserver
of the water supply, in which I hope to obtain the assistance
of the U. S. Geological Survey. This would include the deter-
mination of the size and condition of the watersheds tributary
to large streams rising within the White Mountain region; of
the effect of forest destruction upon the flow of these streams;
and of the value and amount of water power which is available
at different seasons of the year or which is already in use.

5. A study leading to a statement of the size, the value, and
the character of the lumber industry of the state of New Hamp-
shire.

The timber map, which accompanies the present report,
presents a part of the results of these investigations. It
covers the entire state north of Squam Lake as far west as
the farm lands along the Connecticut River, embracing in
all an area of 3,050 square miles, or 32 per cent. of the area
of the state.  This map shows the extent and present condi-
tion of the forest. It is as accurate as careful field work
in the short time available could make it. It is not
designed, however, to show the exact amount of timber on
small areas, but rather the present condition of the forest
throughout the region examined.

The study -of forest fires, which are without doubt the
greatest danger confronting the forests of New Hampshire
today, was carried on with a view to devising some adequate
system of fire protection for the state. = Without efficient
protection of the forest from fire, the attempt to carry on
a conservative system of lumbering will fail all along the
line, since both the commercial productiveness and the per-
manent preservation of the forest depend upon it.

The study of the wood industries embodied in this bul-
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letin was made by Mr. J. Girvin Peters, forest assistant in
the Bureau of Forestry.

The co-operation of the Division of Hydrography of the
U. S. Geological Survey resulted in the accompanying pre-
liminary report upon its work.

RrsuME oF CONCLUSIONS.

The conclusions and recommendations based upon the
study of forest conditions in Northern New Hampshire by
the Bureau of Forestry are given in detail at the end of this
report. They may be briefly summarized as follows:

1. TUnless the forests are effectively protected from fire,
the value of Northern New Hampshire both as a summer
resort, now the source of an annunal revenue of approxi-
mately eight million dollars, and as a source of timber sup-
ply, will be seriously affected.

2. Safety from forest fires is impossible without the
organization of a fire service. Detailed recommendations
{or this are made elsewhere in this report.

3. Conservative lumbering under the supervision of
trained foresters would pay the large lumber and pulp com-
panies operating in Northern New Hampshire better than
the present method.

4. The conservative management of farm woodlots is
practicable and greatly to be desired.

5. Forest planting upon denuded lands unsuited for
agriculture promises good returns.

6. There should be a Chief Fire Warden, who should
also be State Forester, who should maintain a state forest
nursery for the distribution at cost of forest seeds and seed-
lings, and should bring about by lectures and instruction
on the ground a better management of forest lands within
the state.

7. Since an excellent opening exists for the creation of
& forest reserve by the purchase of cut-over lands in the
mountains, the adoption of a policy looking to this end is
recommended.
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THE REGION.

PHYSIOGRAPHY.

The territory covered by this report is that part of the
state north of Squam Lake, and west as far as the agricul-
tural lands along the Connecticut River. It includes the
northern portions of Grafton and Carroll counties and the
whole of CoGs county, and embraces in all a total area of
3,951,977 acres, or 32 per cent. of the entire state. It con-
tains the entire White Mountain region, and is drained by
four large river systems, the Connecticut, the Pemigewas-
set, the Saco, and the Androscoggin, all of which have their
origin within the territory under examination.

ToOPOGRAPHY.

The White Mountain region occupies the sonthern and
larger portion of this area. @ The country is very rough
and rugged, broken up, as it is; into many short mountain
ranges and deep, narrow valleys. The northern part of
the area is flatter, and contains many lakes and low moun-
tains, with wide, rolling valleys between. The entire re-
gion is essentially a forest country. That the land is, for
the most part, better suited to forest production than to
agricultural use is evidenced by the thousands of acres of
abandoned farms, which have now largely come up to dense
forests of second-growth spruce and pine. Where repeated
fires have not kept back the young growth, these give good
promise for the future.

The White Mountains cover about 812,000 acres, or 42
per cent. of the entire area examined, lying in northern
Grafton and Carroll counties and southern Cods county.
Seventy-four mountains reach a height of over 3,000 feet,
and of these 11 are over 5,000 feet in height. The tallest,
Mt. Washington, rises to an altitude of 6,290 feet above the
sea, and is the second tallest peak east of the Mississippi
River.
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PLATE IIIL

FIG. 1.—MT. WASIIINGTON AND [TEAD OF THE GREAT GULF.

FIG. 2—SUMMIT OF MT. SAM ADAMS. ELEVATION, 5,585 FEET.




PLATDE IV.

FIG. 1.—GRANITE QUARRY AT' REDSTONE.

FI1G. 2—CASTODLLATED RIDGE, M1. JEFFBRSON.
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A characteristic of the topography is the great irregular-
ity of arrangement of the mountains. With the exception
of the Presidential Range there are no long ranges. The
greater number of peaks are in irregular groups or isolated.
The three main ranges, the Presidential, the Carter-Moriah
and the Franconia, have a general northeast and southwest
direction. The first of these, which contains the tallest
peaks of the region, is about 20 miles in length. The high
peaks in Waterville and Albany and Mt. Moosilauke, on
the western border of the region, are isolated mountains.

The general base level varies from 700 to 1,500 feet ele-
vation, and from this level the mountains rise, for the most
part, very abruptly. The slopes are generally steep and
the intervening valleys narrow and sloping, with oceasional
wide intervales. The intervales are flat, and the soil is
deep and fertile, furnishing the best farming land in the
region.

GEOLOGY.

During the Paleozoie, or tropical, period preceding the
ice age, it is probable that the White Mountain region was
covered for the most part with forests of beech, basswood,
buckeye, pepperidge, and cinnamon. This is indicated by
the fact that fossils of these species are found at Brandon,
Vt. Long before this period, however, the mountains had
been formed. The bases are a porphyritic gneiss, possibly
of the later Laurentian period, together with several groups
of granite from the early Huronian, the whole having been
forced to a high elevation by lateral pressure. The general
direction of the ranges is northeast and southwest. The
Paleozoic period was succeeded by the ice age, or Cenozoic
period, in which no vegetation could have endured. To this
period, together with the atmospheric influences upon the
mountains since that time, are due the formation of soils
throughout the region.

The continental ice sheet advanced from the northwest,
the highest mountains offering no barrier to its advance.
By grinding the rocks it deposited over the mountains a
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layer of gravel and sand, varying from a few feet to 30 feet
or more in depth, and fertile because of the potash which
is essential to plant life and which is a constituent of gneiss
and granite. This action is well illustrated on Mt. Moosi-
lauke. The great stretches of sand extending over Madi-
son, Ossipee, and adjoining townships are a deposit of the
ice age. On the Presidential Range large blocks of stone
were carried from the northern slopes to the summits, cov-
ering the finer earth deposited earlier. As the continental
sheet disappeared, it seems to have left glaciers radiating
from the mountains in all directions. These carried large
boulders with them, which now strew the ground thickly in
places, and deposited at frequent intervals lateral and ter-
minal moraines. The finer grinding of the glaciers has de-
posited the clays which occur in places, but the coarser de-
posits have rendered much of the land too rocky for agri-
culture.

One of these glaciers, from two to three thousand feet
in thickness, swept the sides of Mts. Moosilauke and Ascut-
ney, in the Connecticut Valley. Other independent gla-
ciers moved down the Pemigewasset and Androscoggin
valleys, up the valley of the Peabody River, and down the
Crawford Notch and the Saco valley. The even slopes of
the hills about the village of Jackson are composed of drift
supposed to have come from the earlier sheet, while the
boulders deposited upon it are due to the later glacial ac-
tion.

Throughout the mountains the glacial moraines across
the valleys have caused many of the small lakes and ponds.
These deposits, being often gravelly, have sometimes been
broken through, letting out the water. In some cases this
has taken place since the settlement of the country. The
bog and swamps bearing spruce, larch, and balsam have
similar origin. Bogs rich in peat are not infrequent.
Several bogs, however, owe their presence to dams made
by beavers. Considerable areas of the higher summits are
often covered with peat, which affords a foothold for the
shallow roots of spruce and balsam.
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Erosion, due to heat, frost, and water, has played an
important part both in the formation and particularly
in the removal of mountain soil on steep slopes. The
decaying mosses and lichens soaked in water form an
acid that disintegrates the rocks. @ Heat and frost aid
the process. The Androscoggin Valley, for instance, for
two miles below Gorham is filled with rocks and debris
cracked off from the surrounding hills. The slides on so
many of the mountains, as on Washington, Osceola, Carter,
and Tripyramid, the recent fatal slide on Cherry Moun-
tain, and that on Mt. Willey in the early part of the last
century, are another form of erosion. Erosion is con-
stantly going on in the mountains, particularly on the high
slopes where the timber has been removed by the prevailing
method of clear cutting. Here the run-off is far more
rapid, often laying bare the rocks and oceasionally causing
destructive floods below.

CLIMATE.

The climate of New Hampshire varies in no essential
from that of the other New England states. The precipi-
tation of approximately 40 inches is ample for all agricul-
tural crops and forest trees suited to the climate. The
humidity, averaging at 8 o’clock readings, over 75 per cent.
of saturation throughout the year, is very high, although
somewhat lower than at certain points on the New England
coast. This high degree of humidity greatly conserves the
moisture available for vegetative growth, since it checks
very markedly both the direct evaporation of moisture from
the soil and the excessive transpiration of vegetation in
general. The amount of precipitation that falls as snow
is very variable, the annual snowfall being not infrequent-
ly 40 per cent. above or below the average.

The temperature is on the whole exceedingly favorable
for all kinds of forest growth. It is not characterized by
extreme variations of heat and cold, although the winters
are long. Late frosts in the spring and early frosts in the
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fall are to be reckoned with. They frequently do great
damage to farm erops.

The following table shows the average monthly mean
temperature and rainfall in this region, as shown by the
records of the Weather Bureau:

TABLE I.—CLIMATE OF NORTHERN NEW HAMPSHIRE.

Average Average
Month. temperature. i precipitation.

o K. | Inches.
January .. 16.0 | 2.96
February. 0006 17.4 3.68
March..... SOy 26.4 | 3.18
April.... 40.7 | 2.07
ay.. 53.9 Iy 8.5
June.. 63.8 | 8.74
July.. 87.2 | 3.68
August....... 865.0 | 8.96
September.. 67.2 | 8.12
October... 46.6 | 2.91
November . 82.2 3.66
1050578 12 R o0n0000abaa00t00 00000608000 0000000t 21.0 | 2.98

DRAINAGE.

Of the four main streams which drain Northern New
Hampshire, the Connecticut, the Saco, the Pemigewasset,
and the Androscoggin, two, the Saco and Pemigewasset,
rise in the White Mountains. @ The Connecticut has its
source in the lakes of the same name in the northern part
of the state, and the Androscoggin is formed by the junec-
tion of the Magalloway and the outlet of Umbagog Lake,
the lower of the large chain of lakes in Maine known as the
Rangeley Lakes. Though the Androscoggin flows for some
distance through the state, the principal source of its water
is in Maine.

The areas of these drainage basins in the territory exam-
ined are as follows:

Connecticut River 5 = 5 5 683,758 acres.
Saco River . - 5 : : . 444,436 **
Pemigewasset River . 5 5 : 343,612 ¢
Androscoggin River . : : : 480,272

Total s - - y | . 1,961,977 acres.




[2]

REPORT OF FORESTRY COMMISSION. 13

Each of these main river basins is divided up into numer-
ous smaller basins formed by their tributaries. New
Hampshire is an excellently watered state. There are in-
numerable streams and small brooks, springs, ponds, and
miniature lakes, as well as a number of larger ones, chief of
which, within the section examined, are the Connecticut
Lakes in the extreme northern part of the state.  There
are very few large areas of swamps; aside from a number
of small bogs, the country is generally well drained.

OWNERSIIIP OF THE LAND.

The greater part of the territory examined is forest land,
owned for the most part by large lumber and paper com-
panies. There are also a large number of lumber com-
panies holding comparatively small tracts, and a great deal
of land is held in lots of hundred acres more or less by
private owners.

The following is approximately the ownership of the area
examined :

Large lumber and pulp companies . 900,000 acres.
Hotel companies . ; . " ' 28,000 “
Small holders of forest land = F 756,000 **
Agricultural land, small holdings 5 244,000 “
Total . ; ; . 4 . 1,928,000 acres.

VALUE oF THE LAND.

Up to 1869 the state owned the greater part of the White
Mountain region and Cods county. The policy of the
state was to dispose of its public lands as fast as possible,
and large tracts were sold for almost nothing. During
recent times, however, the value of land has increased very
rapidly and now, owing to the growing scarcity of spruce
in the state, good forest land commands an excellent price.

The best spruce land brings from $20 to $30 per acre,
according to the stand and quality of the spruce and its
accessibility for lumbering, The greater part of the

2
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~<ountry, however, is cut over, and much of it badly burned.
‘Such land, with little or no merchantable spruce and cov-
«ered with hardwoods, is worth from $2 to $¢ per acre.
Burned or abandoned land can be bought for from $1 to
$2 per acre. Such land often has a good second growth of
spruce and balsam. The best second-growth spruce land
ds rapidly increasing in value, and is being bought up by
@he large lumber and pulp companies.

CLASSIFICATION OF THE LIAND.

"The area considered by this report has been mapped
‘with respect to the following natural conditions:

Softwood growth:
Five thousand to ten thousand board feet per acre;
'Under five thousand board feet per acre.
Pine
.Hardwood growth:
Fifteen cords and over per acre;
Under 15 cords per acre. !
“Waste land.
.Agricultural land.
Barren land.
IBurns.

SorTwo0oD GROWTH.

"This includes all merchantable stands of timber yielding
wver 1,000 board feet of softwoods per acre. The growth
veonsists ehiefly of spruce, with balsam, hemlock, and pine
dn mixture, the last two oceurring more or less scatteringly.
Tardwoods, chiefly yellow and paper birch, sugar and red
aple, popple, and beech, oceur in softwood growth in vary-
ing proportion, generally predominating in stands aver-
aging less than 5,000 board feet per acre of softwoods.

The reason for considering so small a stand of softwoods
:as 1,000 board feet per acre, and actually classing it as
ssoftwood growth, when as a matter of fact the preponder-
ance of growth is hardwoods, is to realize one of the chief
wbjects of this report; namely, to obtain the total stand of
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softwoods in the region under consideration, which, as pre-
viously stated, is principally spruce.

For convenience and expediency in estimating, the soft-
wood growth has been divided up into classes according
as the yield is, which yield respectively 10,000 board feet
and over, from 5,000 to 10,000 board feet, or under 5,000
board feet per acre.

Ten thousand board feet and over per acre.—This in-
cludes the most extensive virgin stands of merchantable
softwoods, chiefly spruce and balsam. There is very little
cut-over land in this class. It is found usually below an
elevation of 3,000 feet, and is almost entirely owned by a
few large lumber and pulp companies.

Five thousand to ten thousand board feet per acre.—This
class includes a large amount of cut-over land from which
sawlogs only have been removed, and also considerable areas
of virgin forest on the upper slopes, occurring in a zone
above the best class of softwoods, and reaching an average
altitude of about 3,700 feet. The virgin and cut-over areas
of this class can generally be distinguished by their com-
paratively high or low elevations, although frequently the
two areas are contiguous. Such instances are the result
of the lower slopes, where the stand of spruce was origi-
1ally very heavy, having been logged for sawlogs only,
while the upper slopes, where the stand was not so good,
remained untouched.

Under five thousand board feet per acre—This division
includes all cut-over lands now averaging from 1,000 to
9,000 board feet per acre, and a certain amount of virgin
land which forms a narrow belt on some of the upper
slopes, immediately below the serub growth. This division
is largely represented in the valleys, which, easily accessible,
have in some cases been logged several times. When this
class occurs on the high mountain slopes it marks the limit
of merchantable timber, and reaches an elevation of about
4,000 feet. On the cut-over areas hardwoods, as a rule,
form the bulk of the stand; on the virgin areas balsam pre-
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dominates over spruce. The area covered by virgin forest
is, however, very limited.

PmE.

This land is situated almost entirely in the southeastern
portion of the territory examined. For the most part the
stands are almost pure white pine, though with a slight
mixture of red pine, and, with the exception of a limited
area near Intervale, are entirely second-growth, which has
come up chiefly on abandoned farms.

HAarpDwWoOD GROWTH.

This has been separated into two divisions: Fifteen cords
and over per acre, and under 15 cords. A division of this
sort is essential in order to distinguish between the better
class and the very poor growth of hardwoods which comes
in immediately after cutting and fires. As the one grades
almost imperceptibly into the other, and as there are practi-
cally no pure virgin hardwood lands in the region, no con-
venient basis other than that of yield can be found.

Pifteen cords and over per acre—For the most part this
division includes the large areas from which softwoods have
been culled until less than 1,000 board feet remain, and
those areas clean cut or burned sufficiently long ago for
them to yield now at least 15 cords per acre. In the first
case the growth consists of an open stand of mature hard-
woods, chiefly yellow and paper birch, sugar maple, and
dense stand of popple, birch, maples, and beech, with often
quality. In the second case the growth consists of a rather
dense stand of popple, birch, maples, and beech, with often
a little spruce in mixture.

Under this division is also-included a small area, but
nevertheless worth noting, of almost pure virgin hardwoods
in the vicinity of Bartlett village.

Under fifteen cords per acre.—This division includes
practically all land burned over within the last twenty
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years, and land from which the timber has been clean cut.
The predominating species are bird cherry, popple, and
birch. There is often considerable sugar and red maple
and beech, the latter species increasing in proportion every
year after cutting. This class is merely an earlier stage
of the first class of hardwoods. Often on the higher slopes
there is considerable spruce reproduction as well.

‘WaASTE LAND.

This embraces those areas that produce an absolutely
valueless growth, such, for instance, as that found on the
poorer quality of abandoned land, unmerchantable swamps,
and the serubby growth on the high mountain slopes. On
the map the abandoned land and the serub growth may be
distinguished by the relatively low and high situations they
oceupy. A considerable area in the southeastern town-
ships covered with piteh pine is eclassed as waste land. The
pine occurs in more or less open growth or in small groups,
usually with a dense undergrowth of secrub oak. The serub
growth on the upper slopes consists of balsam, spruce, and
yellow and paper bireh, varying in size from trees which
just miss being merchantable to the prostrate shrub at tim-
ber line.

AGRICULTURAL LAND.

Practically all the accessible valley lands are given up
to agriculture. The great bulk of the farm land lies along
the southern and western borders of the region and along
the lines of railway. The township of Colebrook is con-
sidered the best farming land in the state.

BARREN LAND.

This includes the rocky summits of many mountains
above timber line, where less than one third of the ground
is covered with serub growth. The most extensive area
is on the crest of the Presidential Range.
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BURNS.

Areas run over by fire were mapped to indicate whether
the fire occurred in the year 1903 or previously. This dis-
tinction was made to show the extent of the forest fires
which swept over New Hampshire in the spring immediately
preceding the examination. Attention was also paid in
the case of each burn to the growth which came up after
the fire and which, in every instance, is practically all
hardwoods. On the map this is indicated by a hatched
color, the color indicating the succeeding growth.

The burns of 1903 are distinguished on the map from
previous burns by hatching unaccompanied by any coler,
no growth having yet manifested itself on the newly burned
areas. Unfortunately, the map does not show the relative
area of this year’s burns in comparison with earlier ones,
since a great part of the area burned last spring had been
previously burned over, in some instances several times.

For the most part, the fires have started upon and have
been confined to cut-over land. The virgin forest is strik-
ingly free from any trace of fire. The subject of forest
fires is considered in detail in another part of this report.

AREA OF LiAND oF EacH CLass AND STAND oF TIMBER, BY
DRAINAGE BasINs.

To secure a convenient basis for an estimate of the
amount of land of the different classes and the stand of
timber in the region, a subdivision of the entire area was
made by drainage basins, under the following heads: Saco,
Pemigewasset, Ammonoosuc, Israel and Upper Ammonoo-
sue, Androscoggin, Magalloway and Upper Connecticut.
Of these, the Ammonoosuc, Israel and Upper Ammonoosue,
and Upper Connecticut are parts of the Connecticut drain-
age basin, while the Magalloway basin is that part of the
basin of the Maine river of the same name which lies in
New Hampshire, and which is tributary to the Androscog-
gin. A detailed description of each of these drainage
basins is made in another part of this report.
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The area of land of each class in the whole region was:
carefully mapped. The estimate of timber was made by
eye, checked from time to time by taking sample acres in
various localities, 219 acres being measured in all. The
estimated stand includes all trees six inches and over in
diameter breasthigh. To obtain a definite figure for the
best class of softwood land, that over 10,000 board feet, 52
acres of this type were measured in various places from
‘Waterville to northern Pittsburg. The average of these,
allowing liberally for cull, was found to be 16,000 board
feet per acre. Accordingly this figure has been used 1m
working up the estimate. No attempt has been made to
distingnish between spruce and balsam. The latter forms:
from one to 20 per cent. of the total stand according to
situation ; probably 10 per cent. would be a liberal average
for all localities. In mapping the hardwoods the divisior
into classes of over and under 15 cords per acre was made
rather to show the condition of the growth and the relztive
ages of the cuttings than as an estimate, although it serves
the latter purpose as well. The pine was not estimated,
as it is practically all second-growth and usually not of
merchantable size.
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TABLE IL.—AREAS AND YIELDS OF NORTHERN NEW
HAMPSHIRE DRAINAGE BASINS.

. ) . 1 ——
- . 2.0 s (3]
@ g .
a s |PH ) s | &
a 8 |o & a ]
E d [Aad:| 8 B Q
Olass of land. ) g |s'9 § 0@
3 L e 58| € @ | 84 =
S| 8| B [gog| 5 | @ |88 | B
a ) 8 |BEag L g | a2 5
@ 2 < =1 = =] &
SO0PTWOODS: Acres |Acrea |Acres |Acres |Acres |Acres |Acres| Acres

Under 5,000 board feet
47,026(124,461| 83,240| 87,448| 95,662 69,000 154,820/ 611,641

"per acre 47,931 86,430| 20,596| 21,717 86,129| 36,320, 42,880| 295,003
Over 10,000 board feet |
per acre. 5,786 30.274| 4,004 2,571 5,678 25,360/ 9,280 82,848
PIDCrneienneernerenrennns 2,218 256....... 520  720....... 1,040 84,752
HARDWOODS:
Under 15 cords per 39,067 17,886 14.428 10,087 68,077 800 10,440] 162,585
Over 15 cords per more 164,448| 51,712| 16,633| 81,115 98,619 ....... ! ...... J| 202,527

Agricultural land .| 44 400 40,422 29,5671 16,8566 24,878/ 1,820 87,280| 244,086

Burns—1903 .| 11,668 6,851/ 18,831 86,221/ 10,314 200/ 5,680, 84,266
Waste lan .| 68,681 38,462 8,972 7,944/ 5,368/ 1,120 4,080, 114,517
Barren lan 1,420 717 1,264 5856 1,992 c...i|iranas b,
Water..... 6,894| 1,661|....... 2,040, 6,280, 1,840 5,120, 23,7356
Total.......cccouneens 444,485\ 848,612|142,638 220.499\ 344,812/135,980320,720'1,951,877

YIELD OF SOFTWOODS—MILLION BOARD FEET.

| 546’ 1,007 285 402| 928' 816’ 780‘ 4,764

From this table it will be seen that the stand of soft-
woods in Northern New Hampshire is estimated at 4,764
million board feet.

Better to illustrate the present forest conditions, the fol-
lowing table has been prepared, bringing out the relative
areas of cut-over and virgin forest in this region.

TABLE III.—AREA OF NORTHERN NEW HAMI'SHIRE LAND

AND WATER.
Virgin merchantable forest .....coeviiieies civenroeecnsirennss +++.200,000 acres.
Qut-over or culled land....... o0 ey 868 711
Barren and waste ]1and...c.cieieieiiitiiitniitiitiiiiiitettnisinesanas 120,495 e
Total forest land............ Leeestetece sesetttnetannotonanas 1,684,208 “
Agricultural land................. L. IBE05 ..244086
Water....... 0 OLEIEY: 5>dO000 OOO00000 65000 dE0AERHD SooEEHRIAICOO 6 000 23,786  **

TOAL.evernrnrnrnennenen e o R I 1,961,977 ¢

From this it will be seen that virgin forest forms only
about 12 per cent. of the total forest area examined.
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DESCRIPTION OF THE FOREST.

ForesT CONDITIONS.

In the state of New Hampshire as a whole two broadly
distinguished types of forest occur. On the basis of these
types the state divides itself into what may for convenience
be called the northern and the southern divisions. Strictly
speaking, these terms are not entirely accurate, for eleva-
tion, quite as much as latitude, laid down the boundary
between them; on the east and west the southern division
extends up the lowlands as far as the Saco and Ammonoosuc
rivers, respectively, while the northern includes, in addi-
tion to Cobs county, the whole of the White Mountain re-
gion, extending as far south as the towns of Waterville and
Albany. The original forest of the southern division was
mainly hardwoods and pine, with the hardwoods preponder-
ating—a preponderance which the early lumbering of the
pine has largely increased. —Both white pine and hemloclk,
however, are more abundant here at the present time than
farther north. But hardwoods are the characteristic
species.

Originally the entire northern division was covered with
a dense forest of conifers. It was primarily a spruce
country, and the spruce here attained fine dimensions.
‘White pine, too, covered large areas and was mixed with
spruce over much of the region. Balsam occurred in mix-
ture on the upper slopes and in the lower, moister locali-
ities. There was originally very little pure hardwood for-
est in the northern part of the state, where it was confined
to the lower slopes, with spruce in mixture.

The best spruce grew on hardwood land, where the soil
is deeper and richer than on the steeper slopes. These
lower slopes were, moreover, most easy of access to the lum-
Dberman, and in consequence were among the first to be cut
after the land in the valleys had been lumbered. Owing to
presence of the hardwoods in mixture on these slopes, the
growth that came up after lumbering was not spruce or
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balsam, but hardwoods. Where fire has once run over such
a slope after lumbering, the growth of sprouts that comes in
is very dense, and the character of the forest is materially
changed.

The most characteristic trees of the northern division
are the red and white spruce, balsam, sugar maple, beech,
and white cedar.

In the region examined the southern division takes on
somewhat the character of a transition zone between the
northern and southern parts of the state.  Some of the
southern species, like the white and red oaks, here reach
their northern limits, and mingle with those more charac-
teristic of the north. But the hardwoods still remain dom-
inant. Of typical northern trees, the white spruce and
cedar do not occur in the south.

In the White Mountain region red spruce and balsam
are the prevailing species, and reach the highest elevations
on the mountains. North of the White Mountains, these
trees with white cedar and, around the Connecticut Lakes,
with white spruce, are the chief conifers. Lumbering has
brought about a great change in the species. Hemlock and
white pine, once common at low elevations and along the
valleys, are now of but little importance in the forest. Of
the hardwoods, yellow birch, sugar maple, and beech are
the commonest, and have greatly increased in numbers on
the cut-over land. But little of the original forest is now
left. Where was formerly a heavy stand of spruce and
balsam is now a hardwood forest, with a little spruce in
mixture. Where fires have occurred, there is a tangle of
bird cherry, yellow birch, and aspen.

ForesT TYPES.

The original forest types of the region examined con-
sisted of spruce flat, hardwood land and spruce slope. Of
these the spruce slopes covered by far the greater part
of the country. These types, while generally holding good,
show considerable variation in different localities.
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Spruce Flat.—Spruce flats occur in the moister, lower
situations, on the level or rolling land around lakes and
streams and in the valleys. Spruce and balsam are the
chief species; and on the wetter soils, black spruce, white
cedar, and larch are also common. There is often con-
siderable yellow birch and red maple. Spruce does not
form as good a timber tree on these flats as on higher
ground. White pine and hemlock formerly ocecurred in
great abundance on these lowlands, but have been almost
entirely cut out. Windfall is particularly common;
exceptionally tall trees are very liable to be thrown.

Spruce flat is a very ecommon type in New Hampshire,
especially in the country north of the White Mountain dis-
trict. Owing, however, to their accessibility, they have
been almost entirely cut over, and but little virgin forest
of this type now remains. Second growth on these flats
is usually excellent, softwoods greatly predominating over
the hardwoods.

The following table shows the average stand on this type
in virgin forest in CoGs county:
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TABLE IV.—SPRUCE FLAT.—PITTSBURG TOWNSHIP.

[Average of10acres.]

Number of trees per acre.
broasthigh
LORSNIE Yellow| Paper | Sugar | Black | Moun-  Moun-
Bpruce. | Balsam. D Ll tain | tain
birch. | birch. |maple.| ash. ash. |maple
Inches.
6.90
: 12.40
4 12.50
b 16.10
8 14.80
7 14.90
8 17.30
9 16.40
10 16.00
11 13.70
12 12.00
13 10.10
14 8.80
16 7.50
18 6.50
17 5.50
18 3.40
19 1.50
20 1.60
21 1.20
22 40
3 .60
24 .10
26 10
86 | |eiesseiies
Total..........| 199.80 275.00 6.20 22.90 .10 .10 230 .80
TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH
essisssssscnsnes 89.00 19.60 3.00 4.10 ‘ .10 | ................... veee

Hardwood Land.—On the lower slopes and deeper, bet-
ter soils, hardwoods form a large part of the growth. Here
yellow birch, sugar maple, and beech are the characteristic
trees, with considerable spruce in mixture. The spruce
forms a better timber tree on these lower slopes than in any
other situations.

These hardwood slopes rarely extend above an altitude
of 2,400 feet. The forest is, as a rule, dense and clean,
with a heavy shade. The ground cover consists chiefly of
witch hobble, mountain maple and mountain ash. The
shade is too heavy for good softwood reproduction, but the
hardwood reproduction, particularly sugar maple and
beech, is often very thick, with a dense matting of small
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FIG. 1.—APPALACIITAN MOUNTAIN CILUDB’S CABIN NEAR SUMMIT OF
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seedlings covering the ground. Very little of this type
ig now left in virgin forest, except in the upper part of the
Magalloway watershed, since it was easily lumbered.

The following tables show the stand on this type in
various parts of the state:
TABLE V.—HARDWOOD LAND.—WATERVILLE TOWNSHIP.

[Average of 650 acres.]

Number of trees per acre.

Diameter . [ |
breast- :
high.

Yellow
birch

‘White ash.

Mountain
ash.

oo =) IS Y
SEISERSRIIREINEE

o m

Total......... 88.12 | 10.68 | 8.78 | 40.84 l5.94|70.82_ 14 l .68 .20 | .08 |18.86

TREES 10 INOCHES AND OVER IN DIAMETER BREASTHIGH.

............... ,28.86‘ .22| 2.70 22.22‘ 7.36  30.94 | .48 } 42 [ .08 ‘
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TABLE VIL.—HARDWOOD LAND.—PITTSBURG TOWNSHIP.

[Average of 12 acres.]

Number of trees per acre. :
Diameter : = 3 )
breast- . g ; 3 'g . | S ‘ g @
high. § g g.g) o] & § gg | % % 5 g
o - = o [} Rt g e
-] CE-] g o g | ad | Sa
| @ |W |da [A|&”|& |B|B |6
Inches. |
2 1.26 10.87 .83
8 2.00 8.17 .88
4 1.33 10.00 1.33
6 2.08 .68 | 142
8 2.08 8.50 | 1.00
7 2.17 5.87 1.17
8 1.50 6.08 1.00
9 2.42 5.42 92
10 1.83 8.256 .7
11 1.83 5.76 A7
12 1.50 4.87 .08
13 2.00 4.00 |esessa] 25)c....
14 1.87 4.76 17
15 2.00 3.00 .08
18 1.50 8.42 [uvusss
17 1.33 817 |eevnns
18 1.42 1.88 |earnes
19 1.26 168 '|eeoces]ococce|ococec]ocosailocccscfeecces
20 1.60 1.38 |veoeee deseeidicicedlavaceteoe SARLSVVCS
21 67 1.00 [.evene esasnefaaceniacecectocccas]soness
22 .92 RV Uil | el SPRR] POt o | frvxre
23 76 [ b 1 DS, [N PRt PR PR it bty
24 .33 261 8. .. N0 ...
25 .33 KT 1T PR | PP PR} WP (St oo
26 42
27 .50
28 .08
29 .08 |.
30 42 |.
86 “ oo 5 08 |... . -
Total.......... 26.07 | 72.78 37.24 |101.76 9.25| 8.91| .41 | .08 .08 8.99
TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.
eressnrennayiens 9.90 4.25 22.41 41.87 1.26| 1.67| .18 |...... ’ .08 ’......

Spruce Slope.—This type occurs on the steeper slopes
where the soil is shallow and the hardwoods do not thrive
so well. The principal species are spruce and balsam,
in varying proportions, and yellow birch, changing often
to paper birch on the upper slopes. This type merges on
the upper side into unmerchantable spruce and balsam, and
finally runs out into a serubby growth near the summits.

The stand is usually dense. =~ 'Where the forest has been
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undisturbed, the ground cover is moss. The balsam repro-
duction is often very thick, and the spruce reproduction
generally fair.

Spruce slopes cover the greatest area of any of the forest
types in Northern New Hampshire. @ Where these slopes
are cut over, if fire is kept out, the softwoods return in the
second growth. Where fire runs over the ground after
lumbering, in many cases the entire soil is burned and
washed away and the process of return to forest conditions
is very slow. In some cases, as on the Sugar Loaves in the
township of Carroll, it will never be complete.

The following tables show the average stand on spruce
slopes and on upper spruce slopes in various parts of the
state:
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TABLE VIL—HARDWOOD LAND.—LOW AND BURBANK
GRANT.

[Average of 6 acres.)

Number of trees per acre.

Diameter
breast-
high.

Spruce.
alsam.
Hemlock.
birch.

Other
species.

8 | Yellow

Inohes.

@
-
I
@
=)
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@
=)
o
=]
-

Sococoo
T
@
=]
o
@
5

L HEEeOae
Bhxkannd

»
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=)

[

@

=]
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.e

Total........| 97.830 |88.40 | 8.80 70.40 | 43.80 | 67.20 1.60 | 46.00 (62.20 | 2.00

TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.

eeereasanneee| 81.90 | 1.80\ 4.00| 16.60 ‘ 4.00 | 18.00 1 .80|...... .40l .20
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TABLE VIIL.—SPRUCE SLOPE.—WATERVILLE TOWNSHIP.

[Average of 85 acres.]

Number of trees per acre.

Diameter I °
breast- g : G] . o 5 < o
high. g | B | 8| as | BE ] a4 8] 5]aB

=1 & ] 24 25 Sa o [ a4 | a¢
Elg | e |85 | T | ®8 | § |BE (%8 |28
2 |a " |B B ] m &7 |® |B

Inohes.

22,20 | 18.06 Jd4 fieeeiese]| 8.62 42 .66 .19 A2
8 16.61 6.89 Al fedasiess) 4.2 .82 40 3R il
4 14.28 4.94 A6 |essesans| 4.86 12 86| 1.17 26
b 12.94 8.46 82|.evve.es| 4.568 28 86| 1.8L .20
6 11.20 2.87 28 lasesanes] 8.40 22 36 1.41 17
7 10.48 1.7 2 .16 28| 1.26 .29
8 10.46 1.60 2, 17 26 | 1.69 .14
9 11.14 .97 2. 20 221 117 .28
10 11.03 2. .28 31| 1.8 22
11 10.29 .29 1 17 .28 .86 .18
12 10.88 87 .09 .86 .54 .08
18 9.12 .26 .09 29 .86 .08
14 9.22 .06 .20 .29 .26 .08
16 7.62 .08 .09 .18 14 .06
16 7.89 .08 .06 .18 11 I (SN
17 5.80 |eaases .09 .09 06 |eeceee
18 6,12 |auvans g 09 06 eceeee
19 8.40 |eesees| .08eeesuss] 76 .02 02 .08l.eee..
20 2.48 02 .08 |.eeeuees] .80 .08 .02 .02l.....
21 2.84 [eaeiee i P .68 i - S P 0B eeevee
22 1.18 [easase 06 [aversanse 57 02 [sreaes 02 (ceeeee
28 .88 [..e-e| 02 .02 .26 28N CCUUT L
24 -1 N PR 08 |asavanas .28 02 |eeo-vefoccccc]orense
26 29 loassl]l 08 Jsagessrall 12 deeeeeccaa]oresediocea]oeatns
26 A1 fdie .. T C) P |8 .
27 15 U I P v 1+ I [P PP I
28 [ O (R W02 ceceaces 02 Joveceeec]esncaa]s
29 eenenatlersantlt 02 fhececcss] 508 [feeeeaaad]ocen Y
80 bioo coor | TR [P | S .06
81 eeeseitlonnesclssacoc]roaseass] .02
82 .
83 . .02
84 . .02
85 . .02
40 Lobarrry | M) Her i T O | )

Total........|195.74 s&.74| 841| 0.10 l44.93 2.99 | 4.91|12.19| 2.16| 2.87

TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.

tesemnarseens.| B7.64 1.74 | 1.86 .08 | 16.66 l 1.18 2.06 | 8.62 .60 .02
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TABLE IX.—SPRUCE SLOPE.—PRESIDENTIAL RANGE.

[Average of &)= acres.]

Diameter
breast-
high.

Beech.

Mountain
ash.

Other
species.

Total........|165.74 ]134.90 5.87} 26.75 'Im.sﬁ 1.08 i 49| .2/ 535| 8.96

TREES 10 INOHES AND OVER IN DIAMETER BREASTHIGH.

------- seesens 68.16 ’ 7.33‘ 2.48 | 7.70 ’ 6.08 AT feveeee] 09 [cecaro]|eonees
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N
TABLE X.—SPRUCE SLOPE—PITTSBURG TOWNSHIP.

[Average of 10 acres.]

Number of trees per acre.

Mountain (Mountain

Yellow ‘ Paper
ash. maple.

Spruce. ‘Balsam. birch. bireh.

2.80 81.30 1.00 0.90 1.40 1.70
5.90 38.60 2.10 2.10 80 [reaennsans
6.20- 84.60 2.40 1.70 .60 ... vees

.10 . .. creseas seases

Total.cccoeeenee|  140.10 187.80 26. 60 80.20 280 1.70

TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.

|
86.30 15.10 10.80 770 Joeeeeiinnnn o lfeEeviisle
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TABLE XI.—UPPER SPRUCE SLOPE—WATERVILLE TOWN-
SHIP.

(Average of 5 acres.)

Average number of trees per acre.
BDm th; h I
reasthigh. Paper Yellow | Mountain
Spruce. Balsam. birch. | birch. |  ash.
Inches.

2 88.60

8 29.00

4 86.20

b 8700

[] 60.20

7 11.20

8 22.20

9 18.60

10 18.20

11 8.40

12 6.00

18 1.60

14 80

16 .80

16 1.00
rotal........... 329.40

TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.
81.40 | 7.00 8.40 {1 I o
| |




PLATE XI,

1.—STUNTED GROWTII OF SI'RUCE AND BALSAM ON SUMMIT OF
MT. WEBSTER. ELEVATION, 3,876 FEET.

FIG. 2—DENSE MATTING OF SPRUCE ON MT. ADAMS AT AN BELIVATION
OF 5,200 +EET.
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ABLE XII.—UPPER SPRUCE SLOPE—LOW AND BURBANK

. Number of trees per acre.
) ﬁDlamuel}ei'l
reasthigh.
Spruce. Balsam. gﬁ_%%’: Ybfl}(l:gw Moau:glen
Inohes.
2 66.00 174.87 87.88
8 49.88 202.87 77.88
4 18.38 140.00 70.87
5 800 84.67 86.00
(] 2.87 46.87 80.87
7 1.88 24.87 18.38
8 Farenananssnne 10.00 5.88
9 serassnunsntnr 4.00 5.88
10 o X 4.87
11 4.00
12 2.00
18 4.00
14 87
15 2.67
186 Jeeeertcscccenrsfroctcincccscsccsfocacae eovaae
17 .67
Total........... 142.00 700.08 296.67
TREES 10 INCHES AND OVER IN DIAMETER BREASTHIGH.
1.84 8.68 18.68 ceetescsnane ctessavione
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Aside from these main types there are several others cov-
ering comparatively small areas. Tracts of low, level,
sandy land along the Saco River bear, in places, a nearly
pure growth of pitch pine, and large areas in the same
section that were originally white pine land have now come
up to good stands of second-growth white pine.

There is practically no real swamp land in Northern New
Hampshire, although in places the spruce flats approach
such a type. There are, however, small areas of swamp or
spruce bogs, occurring chiefly in the northern part of Coos
county. These have a very dense, serubby growth of black
and red spruce and balsam. .Such areas are, however, too
small in extent to constitute a general type.

The original types are often greatly confused and changed
by lumbering. Over large areas that once had a heavy
stand of spruce or pine there is now a poor growth of hard-
woods. But, in general, the type will be evident in the
reproduction and the forest will eventually revert to the
original condition. On the hardwood land, however, the
spruce, once removed, will never return in large numbers,

DESCRIPTION BY TOPOGRAPHIC SUBDIVISIONS.

As has already been said, the entire area under discussion
was subdivided into drainage basins, the aggregate of which
constitutes the Northern New Hampshire region as exam-
ined. A detailed description of each of these basins will
presently be given; but preliminary to this the forests of
the Presidential and Carter Mountain ranges will be sep-
arately described. It will be understood, however, that
these forests are parts of those to be presently considered
under their several drainage basins, and are here selected
for particular deseription, not as constituting areas distinet
from the various watersheds there described, but because
their character is such as to make it convenient to take them
up by themselves. ‘
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FORESTS OF TEE PRESIDENTIAL RANGE.

Physiography.—The Presidential Range is, topograph-
ically, the most important range in the White Mountains.
In it are included nine peaks with elevations of over 5,000
feet. The range has a general northeast and southwest
direction. It is popularly considered as extending only
from Mt. Madison on the north to Mt. Webster on the
south, and includes the following peaks: Madison, the three
Adamses, Jefferson, Clay, Washington, Monroe, Franklin,
Pleasant Dome, Clinton, and Webster =~ This stretch of
country is about 15 miles long by five miles in breadth, and
contains about 50,000 acres. Pine Mountain in the north
and Rocky Branch and Montalban Ridges in the south,
extending to the villages of Bartlett and Jericho, are prop-
erly also parts of the range. If these are included, the
area is approximately 150,000 acres.

Drainage.—This range is the source of five rivers by
which it is drained : The Saco, Ammonoosuc, Israel, Moose
and Peabody. The country south of a line drawn from
Crawford’s to the summit of Mt. Washington is drained
by the Saco River, with several good-sized tributaries, Dry
River, Rocky Branch, and Glen Ellis River. North of this
line the drainage is by the Ammonoosuc and Israel, flowing
northwest into the Connecticut River, and the Moose and
Peabody, flowing northeast into the Androscoggin River.

Soil.—The underlying rock is granitic gneiss. By dis-
integration and mixture with organic matter it forms a
loamy sand. The depth of the soil varies with the eleva-
tion, aspect and gradient. In the valleys and on the lower
slopes, the soil is generally deep, and there is very little
outecropping rock. With ascent in altitude and increase
in gradient, the depth of soil gradually decreases, till on the
steep upper slopes there is to be seen only immense masses
of bare outeropping rock and scattered boulders. On
southern and western aspects the exposure to sun and wind
is more severe than on northern and eastern slopes. This
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causes a more rapid dissipation of the organic soil, which
results in the belt of deep soil being lower on the former
than on the latter aspects. These facts have an important
bearing on the distribution of the forest.

The Forest—Complexity and variation in forest condi-
tions are the natural outcome of variety in slope and aspect
and great latitude in elevation. As in topography, so also
in forest conditions the Presidential Range offers the great-
est differences. This complexity has been augmented by
fire and lumbering, which often greatly change the original
character of the forest. In general, however, the nature
of the forest varies with the altitude. Ifour forest belts
may thus be distinguished :

1. TUnder 1,800 feet elevation, where lower slopes and
valleys occur, typical hardwood land is found. Sugar
maple, yellow birch, beech and spruce are the prevailing
species.

2. From 1,800 to 3,500 feet elevation the forest is char-
acterized by the prevalence of spruce in mixture with bal-
sam and yellow and paper birch. This is the regular
spruce slope type.

3. From 3,500 to 4,200 feet elevation the growth is
spruce and balsam, with some paper birch. It is mostly
unmerchantable, being under forty feet in height.

4. At 4,200 feet scrub growth begins, and extends up
to the limit of tree growth, which varies from 4,500 to 5,200
feet in altitude according to exposure and gradient. Above
this, the bare rocks extend to the summits.

The elevations given for these belts are purely averages
and not in the least fixed. @ The character of the growth
also changes somewhat with the aspeet and gradient, as
well as with the elevation. Thus, on a steep, rocky south-
west slope, the serub line would be lower than on a north-
eastern exposure of moderate incline.

The lower slopes of the Presidential Range have been
almost entirely eut over, but there is still much virgin
timber left above the valleys, notably in the Low and



PLATB XIII

FIG. 1.—THE SLOPES OF TIIE CRAWFORD NOTCH ARE NOW COVBERED
WITH IIARDWOOD FOREST.

FIG. 2—HARDWOOD FOREST OF THE CRAWFORD NOTCH.




PLATE XIV.

—

I"IG. 1,—TIIE PITCIH PINE OFTEN SPROUTS FROM TIIE ROOT COLLAR
AFTER FIRD.

FIG. 2—PITCII PINE LAND REI'BATEDLY BURNED, WITH UNDERGROWTH
OF SCRUB OAK.
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Burbank Grant, where lumbering operations have only just
commenced. The effect of lumbering on the lower slopes is
to increase the proportion of hardwoods in the second
growth. ’

ForESTS OF THE CARTER RANGE.

Plysiography..—The Carter Range runs parallel to the
Presidential Range, and is separated from it by the Glen
Ellis and Peabody Rivers. This range forms a striking
counterpart of the Presidential Range. The highest peak
is Carter Dome, with an elevation of 4,860 feet, and there
are eight peaks in all with elevations of over 4,000 feet. It
includes the Carter, Moriah, and Wildecat Mountains, and
extends from the Androscoggin River in Shelburne to the
village of Jackson in the south. It is 20 miles long and
two to seven miles wide.

The range is entirely surrounded by the five rivers by
which it is drained, the Peabody and Glen Ellis Rivers on
the west, the Wild and the East Branch of the Saco on the
east and south, and the Androscoggin on the north. The
Peabody and Wild Rivers flow northeast into the Andros-
coggin, and the Glen Ellis flows into the Saco.

Soil.—The general character of the soil and underlying
rock is the same as on the Presidential Range. It is, how-
ever, important to note that the elevation of the belt of
great rock exposure is lower on the Carter than on the Presi-
dential Range. The soil plays out at a lower altitude on
the former than on the latter because of the difference in
elevation between the two. Consequently the belt of scrub
forest growth extends to lower elevations on the Carter
Range.

The Forest.—The same belts of forest prevail here as on
the Presidential Range. In general, the forest below 1,500
feet elevation is the hardwood type, with yellow birch, sugar
maple, beech, and spruce as the characteristic species.
In the sandy flats along the rivers, especially on the An-
drosepggin, there is considerable second-growth pine land,
with spruce and balsam in mixture. Above the hard-
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wood land the spruce slope extends up to about 3,200 feet
elevation. Above this the trees rapidly decrease in size
and run out into a serubby growth of spruce and balsam
which extends up to about 4,400 feet elevation.

The forests of the Carter Range have been heavily lum-
bered. At first the lumbering was only for saw logs on the
lower, more accessible slopes. Later the higher slopes were
taken and cut for both saw and pulp logs, and forests, which
had been culled before for saw logs only, were cut again
for pulp. At present, the higher the slope the cleaner the
cutting, both because the growth is more purely coniferous
and also because the exposure becomes so severe that trees
which are left will be wind-thrown. The cutting on this
range now extends up as far as there is merchantable
growth, to 3,500 feet elevation on the average.

The slopes draining into the Glen Ellis River, from the
village of Jackson to Wildcat Mountain, have been stripped
of all coniferous growth. The present stand is now an in-
ferior growth of hardwoods. The whole south spur of
‘Wildeat Mountain is covered, however, with a virgin spruce
forest. The slopes here are very steep, and the difficulty
in lumbering has so far kept the lumberman away.

The southeastern slopes of the range, drained by the Wild
River, have been pretty well cut over by the Hastings Lium-
ber Company. A logging road was run the entire length
of the valley, and the lower slopes were cut over first for
saw logs only, and now contain an irregular forest of hard-
woods, with considerable spruce suitable for pulpwood.
The more recent lumbering, as that in the Moriah Brook
Valley, has been severe, taking both saw and pulp logs. A
scattering hardwood growth is all that remains, aside from
a few small patches of virgin spruce on the upper and more
inaceessible slopes.

The upper part of the Wild River Valley was severely
burned in the spring of 1903, and but little growth now
remains.

The north and west slopes of the range contain consid-




REPORT OF FORESTRY COMMISSION. 39

erable areas of uncut timber on the upper portions. The
lower slopes have been entirely culled of softwoods and are
now being lumbered to some extent for the hardwoods.

FORESTS OF THE Saco RIVER Basin.

The Saco River watershed covers the southeastern por-
tion of the White Mountain region. The river has its
source in a small pond at the head of the Crawford Notch,
on the west slope of the Presidential Range and flows in
a general southeasterly direction for about thirty miles,
when it crosses the Maine state line. The area of the
watershed covered by the examination is 444,435 acres.

The character of the country varies greatly in this river

g basin, and two distinet types are apparent. The upper
portion of the river and its tributaries lie in a mountainous
country cut up into deep valleys, with many high moun-
tains crowded close together. Parts of the Presidential

l and Carter Ranges are in this watershed, and also the high
mountains in Waterville and Albany. In the southern
and southeastern parts, however, the country becomes com-
paratively flat, and the plain level is about 480 feet. The
country is here characterized by low, rounded chains of
hills and a few isolated mountains, none, however, reaching
great height. The soil is very sandy, and there are numer-
ous small lakes and ponds.

Agricultural Land.—The farm land lies chiefly in the
eastern and southern portions. The soil is sandy and poor,
and, except right along the streams, the farming is not
good. The principal crops are clover and timothy hay,
oats, rye, wheat, corn, potatoes, peas and beans. There
are a few orchards, usually overgrown and neglected. The
farming industry of this entire section has steadily de-
clined and is now reduced simply to meeting the needs of
the inhabitants. @ The area under cultivation is much
smaller now than fifty years ago. Many farms have been
abandoned and many have passed into other hands and
been allowed to run to waste. A large area once cleared

4
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and tilled has thus reverted to forest, and much more is in
process of reversion. This area, containing as yet no
merchantable timber, is classed as waste land on the map,
although a large part of it is better adapted to forest
growth than to anything else.

The hardwoods of this region show great energy in seed-
ing up old pastures and abandoned fields, and the reversion
to forest conditions is very rapid. @ The most energetic
and persistent tree in this respect is gray birch, many old
fields coming up to a pure stand of this species. On low
sandy situations in the neighborhood of seed trees, pine
seedlings come in thickly, either as a pure stand or in mix-
ture with the hardwoods.

The Forest.—The forest varies with the locality. In the
northern part of the watershed, on the steep mountain
slopes, spruce forests predominate. ~On the lower, sandy
plains, pine is the chief species.

The northwestern part, or upper portion of the Saco
basin, is in the high mountains of the Presidential and
Carter Ranges. The greater part of this section has been
heavily lumbered and much of it severely burnt in the past,
and in consequence the present growth consists almost en-
tirely of hardwoods.

The eastern part of the Sandwich Range lies in this
watershed, the divide running over Sandwich Dome and
Tripyramid. There is a great deal of virgin forest on the
mountain slopes in this section, and in Albany and Water-
ville the stand of spruce is the heaviest in New Hamp-
shire. The best stands are on the slopes of Tripyramid
and Passaconaway, at an elevation of 2,500 to 2,800 feet,
and on the east slope of Sandwich Dome, between 2,200
and 3,000 feet elevation. The latter stand consists of
90 per cent. spruce, with about eight per cent. yellow birch
and a very little balsam in mixture. The mature spruce
range from eight to 24 inches in diameter and 80 to 90
feet in height. The slope is steep, with numerous rock
outeroppings and a thin, loamy soil, but without moss.




PLATE XV.

s "P:}-u« - &
~EhEns sy

e

ki
442 gy

>

o

FIG. 1.—CLEAN CUT SLOPE, LINCOLN TOWNSIIIP. THIS LAND CUT OVER
18,000 BOARD' FEET PER ACRE.

FIG. 2—CLEAN CUTTING ON THE STEEP SLOPES, LINCOLN.
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FIG. 1.—GROWTII OF ASI'EN, WHITE BIRCII, YELLOW BIRCII, AND
MOUNTAIN MAYPLE ON AN OLD BURN.

. FIG. 2.—NORTII SLLOPE OF PRESIDENTIAL RANGE AT RANDOLPH.



REPORT OF FORESTRY COMMISSION. 41

There is consequently a fair exposure of mineral soil, and
the reproduction of spruce and balsam is good.

This stand merges into an upper spruce slope type on
the upper side, and at an elevation of 3,500 feet consists
of about 75 per cent. spruce, with 15 per cent. balsam and
much yellow birch. The forest here contains many dead
trees and bare poles, but has a fair density. The mature
spruce are rather scrubby, and seldom over 50 feet in
height. There is a thick layer of moss, and the reproduc-
tion is dense, consisting almost entirely of balsam.

Above this type the forest assumes a decidedly scrubby
character, with a very dense growth of balsam, up to an
elevation of 3,800 to 4,000 feet. Beyond this the peaks
of the Sandwich Range rise as bare granite ledges, with
no vegetation save where a few stunted balsam and spruce,
hardly more than bushes, find a footing in the crevices of
the rocks.

Hardwood Lands.—The hardwood areas of the valley
section represent either old waste lands, or cut-over lands
where the stand has attained merchantable size, or land
whose original growth was hardwoods. The latter is
usually on gentle slopes or low rolling hills where the soil
is of good depth.

The composition of the hardwood forests varies greatly.
Often it is an almost pure stand of sugar maple, beech or
birch, or these species in mixture with spruce, pine or hem-
lock. Much of the hardwood land has been freely logged
for ecordwood and birch bolts, and the greater part of the
large timber has been removed. Large areas of second-
growth hardwoods are found around Jackson and through
the entire watershed.

Pine Lands.—Throughout the lower part of the Saco
basin there are considerable stretches of low, level, sandy
country where the original growth was pure stands of pine.
The old growth was cut from 40 to 120 years ago. The
conditions, however, are remarkably well adapted to pine
reproduction, and the second growth consists of practically
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pure white pine.  Much of this second-growth also has
been cut over. In many places the white pine is mixed
with red pine in varying proportions, and occasionally,
over small areas, the red pine occurs pure. The only vir-
gin growth of white pine now remaining is at Intervale.
This is the last remnant of a pure growth which once cov-
ered this entire section.

Pitch Pine Land.—The country around Silver Lake in
the township of Madison, and extending north to Albany
and Center Conway, originally contained a heavy growth
of pitch pine. This area consists of fairly level, rolling
stretches, becoming more hilly toward the north and with
a deep soil of very coarse sand. It was heavily cut over
30 to 40 years ago, and much of it has been severely burned
since. The growth now consists of pitch pine poles and
saplings, three to eight inches in diameter and 25 to 30 feet
in height, either widely scattered or in small isolated groups.
The ground is covered with a very dense growth of scrub
oak (Quercus pumila) four to five feet in height, which
chokes out nearly all other growth. Beneath the oak there
is, over most of the area, a dense matting of sweet fern.
Through much of this area there are evidences of repeated
fires. Where these have occurred there is no reproduction
and nearly all the secrub oaks have two or three feet of dead
tops. The lower half of the pines are burned and scarred,
and though they are still living their growth and vitality
are seriously impaired. @~ Where fires have been kept out
the conditions are somewhat better. There is a good re-
production of pitch pine and a thrifty seedling growth of
gray birch, sugar maple, popple and red maple, but the
stand is as yet of little value.

FORESTS OF THE PEMIGEWASSET RIVER BASIN.

This covers the southwest portion of the White Mountain
region, and includes an area of 343,512 acres. The Pem-
igewasset River rises in the Franconia Notch. Flowing
due south, it receives the drainage of Lake Winnipiseogee
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and forms the Merrimack River. The chief tributaries
in the region examined are the East Branch and the Mad
River. The former drains the township of Linecoln, and
the latter Waterville.

The entire watershed is a decidedly mountainous country ;
the valleys are narrow and there is very little level land.
It is bounded on all sides by high mountains and includes
in its area Mts. Lincoln and Liberty, the former over 5,000
feet in elevation. Mts. Tecumseh and Osceola in Water-
ville are within this basin and also the low range of hills
called the Squam Mountains, just north of Squam Lake.
On the west, Mt. Moosilauke, reaching an altitude of 4,810
feet, is the highest peak.

Agricultural Land.—The agricultural land in this water-
shed lies chiefly around the southern and eastern borders
of the region examined, along the line of the Boston &
Maine Railroad. There is also considerable farming land
in the Pemigewasset and Mad River valleys.

The Forest.—The entire watershed was originally cov-
ered with a spruce forest. Of this original growth but
little now remains. The largest areas that have not yet
been logged are in the townships of Lincoln and Waterville.
Along the East Branch of the Pemigewasset, in the former
township, between Mts. Lincoln and Liberty on the west
and Mts. Bond and Carrigain on the east, is a heavy for-
est of spruce. The composition of this forest consists of
spruce with a strong admixture of hardwoods and balsam,
the percentage of the latter increasing with the altitude.
A few old pines still remain, and in the swampy places there
are patches of white cedar.

Generally the best spruce land is below an altitude of
2,800 feet, while white pine is of commercial importance
only below 1,500 feet. The best stands of spruce are
usually found on the north and northeast slopes of the
mountains, above 1,000 feet elevation. Below this the
white pine and hardwoods are able to occupy the ground.

Lumbering has been carried on only in the more accessible
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portions of the township of Waterville, especially along the
lower course of Mad River. Fully 60 per cent. of the
township still contains a fair merchantable stand of spruce,
and a great-deal of virgin timber still remains on Mts.
Tripyramid, Kancamagus and Osceola.

There are large areas over the entire watershed that have
been lightly cut over, or cut years ago, and now have a fair
merchantable ‘growth of spruce pulpwood. These stands
are usually well mixed with hardwoods, maples, beech, yel-
low bireh, and popple, and considerable balsam.

Nearly all the pure hardwood forests are second-growth,
and are due to a change of species after lumbering and
fires. Along the valley of the Hancock Branch, in Lincoln,
the forest was completely logged. The upper and steeper
slopes were clean cut, the unmerchantable stuff being used
as skids and shear poles, down which the merchantable
timber was rolled to the nearest logging road. These
slopes have grown up to a thicket of hardwoods and bal-
sam, with very little spruce. Popple, bird cherry, and yel-
low birch are the chief species. This grades off into more
mature stands on the older cuttings, which often contain
also considerable young spruce and balsam. Hemlock is
common on the lower slopes.

The largest area of hardwood land is around Mt. Carr in
the townships of Warren, Ellsworth, Rumney and Went-
worth. The spruce was taken out, leaving the mature
hardwoods, and now good second-growth hardwoods have
come in. In addition to the usual sugar and red maples,
beech, and yellow birch, there is also a large amount of red
oak in this section, and considerable white ash.

Many fires have oceurred in this watershed, in the Zea-
land Valley and also in the vicinity of North Woodstock;
and throughout on the old cuttings there are traces of fires
in the past. On these areas the softwoods are usually
lacking, and there is a prevalence of popple and bireh, and,
on the more recent burns, dense thickets of bird cherry.
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FoRESTS OF THE AMMONOOSUC RIVER BASIN.

The Ammonoosuc River rises in the Liake of the Clouds
on the upper slopes of the Presidential Range and flows
into the Connecticut at Woodsville. The portion of this
river basin examined includes the western slope of the
Presidential Range, from Mt. Clinton to Mt. Adams, the
southern slopes of the Dartmouth Range and Cherry Moun-
tain, and the north and west slopes of the divide between
the Connecticut and the Pemigewasset watersheds. Its
area is 142,539 acres. The western portion of the drainage
basin, consisting chiefly of farming land along the Connect-
icut River, was excluded.

The upper portions of this basin are very high. From
Mt. Moosilauke on the south to Mt. Adams on the north-
east there is a continuous series of peaks and mountains
from 3,000 to 6,000 feet in altitude. @ The upper slopes
are steep and barren, often totally devoid of growth, while
merchantable timber ceases at about 3,500 feet elevation.

Agricultural Land.—Around Franconia and Bethlehem
farm land predominates, and the forest becomes of only
secondary importance. There are also large areas of agri-
cultural land in Easton.

The Forest.—There is practically no virgin forest left in
this watershed, save a very few isolated patches on the
upper slopes. The country has been entirely cut over and
subject to severe fires. =~ Where these have occurred, as on
Cherry Mountain and in the Zealand Valley, the growth
consists chiefly of bird cherry, popple, and yellow and paper
birch. Balsam and spruce show a tendency to come in as
the other species die out, but where sugar maple and beech
gain a footing a hardwood forest is the result.

On the low land spruce and balsam form a large part
of the second-growth, but on the lower slopes hardwoods
predominate.

Extensive areas of culled forest exist in Franconia, and
on the slopes of Mt. Garfield and the Twin Mountains con-

4
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siderable spruce is left. The western slope of Mt. Moosi-
lauke also has a considerable growth of spruce. In general,
however, the greater part of this watershed is coming up
to second-growth hardwoods.

FORESTS OF THE ISRAEL AND UPPER AMMONOOSUC RIVER
BasINs.

The Israel and Upper Ammonoosuc Rivers are both trib-
utaries of the Connecticut, the former flowing into it at
Lancaster and the latter near Groveton. The area of the
two watersheds examined is 220,499 acres. The Israel
drains the northwest slopes of Mts. Adams and Jefferson
in the Presidential Range, the north slopes of Cherry Moun-
iain and the Dartmouth Range, and the south slopes of the
Jefferson Mountains. The Upper Ammonoosuc rises in
Randolph, on the northwest slope of the Crescent Moun-
tains, and flows northwest.

These two basins, therefore, include the entire Pliny and
Pilot Ranges and extend as far north as the Dixville Moun-
tains, and east to the divide of the Androscoggin watershed.
The greater parts of the townships of Lancaster and
Northumberland were excluded from the examination, since
they consist chiefly of farm land.

The country is mountainous, but for the most part the
slopes are moderate. = The highest peaks are Mts. Adams
and Jefferson, rising nearly 1,000 feet above timber line.
The tallest, Mt. Jefferson, reaches an altitude of 5,725 feet.

Agricultural Land.—There is a considerable area of
cleared and improved land along the Israel River and on
the lower slopes of the Jefferson Mountains. Further
north there is a strip of cleared land along the line of the
Grand Trunk Railroad.

The Forest.—These two watersheds have been heavily
cut over at periods during the past fifty years. The only
virgin forest now remaining is an area in Erving’s Location
and a strip on the slopes of Mts. Adams, Jefferson and Bow-
man, in the Low and Burbank Grant. Erving’s Location
i¢ a small, well-wooded tract in the sontheastern part of the
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Dixville Mountains. Owing to its being near no stream
suitable for driving, it has éseaped lumbering. It is not,
however, a very good spruce country, and hardwoods pre-
dominate, except on the upper slopes. On the northwest
slopes of Mts. Adams and Jefferson, in the Presidential
Range, between the altitudes of 2,500 and 3,500 feet, is a
virgin spruce slope. With these two exceptions the entire
region has been cut over and the predominating growth is
now hardwoods.

Severe fires have ocecurred on the slopes of Cherry Moun-
tain and the Dartmouth Range, and on these old burns the
growth is very poor. A large fire occurred in the spring
of 1903 in the townships of Kilkenny and Berlin, which
burned over about 18,000 acres.

The Pliny Mountains in Jefferson consist of three peaks,
the tallest of which is 4,029 feet in height. The lower
slopes are covered with hardwood coppice, the result of lum-
bering and fire, while the upper slopes have considerable
spruce and balsam. There is a large area of waste land
on the summits.

Over a great deal of the lumbered land in these basins
there is very little growth but hardwoods, as on the Ran-
dolph Hills, while in the country between Crescent and
Round Mountains and through the northern parts of the
hasins there is considerable spruce and balsam left. Here
the chief species are balsam, spruce, yellow and paper bireh,
hemlock and sugar maple. This represents an original
forest of mixed hardwoods and spruce, in which the spruce
probably formed 50 per cent. of the entire growth, The re-
production of spruce and balsam is generally good, forming
30 to 50 per cent. of the entire reproduction.

The characteristic growth, which springs up after logging
cn trails and clearings, is mountain and red maple, with
some black and bird cherry, striped maple, and gray and
yellow birch. Spruce and balsam usually gain a slight
foothold later, and come in as a subsequent growth on such
spots, the balsam predominating.
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On the gentle slopes there were originally large quantities
of white pine, which is still abundant in the second growth.

TFORESTS OF THE ANDROSCOGGIN RIVER Basmv.

The Androscoggin River is the natural outlet of the
Rangeley Lake system. This is a chain of six lakes in
Maine, the lowest of which, Umbagog Lake, lies two thirds
in New Hampshire. @ The Androscoggin, flowing out of
this lake, receives the Magalloway River drainage, and then
flows in a southerly direction until, striking the White
Mountains, it turns east into Maine.  Thus, though the
river starts in New Hampshire, it receives its chief water
supply from Maine.

The area of this watershed in New Hampshire is 344,312
acres, of which 6,280 acres are lakes and ponds. It includes
the northern slopes of the Presidential and Carter-Moriah
ranges in the White Mountains, and extends north in at
strip approximately ten miles wide to the Dixville Moun-
tains. Its chief tributaries in the White Mountain section
are the Peabody and Moose Rivers, which rise on the slopes
of the Presidential Range.

Agricultural Land.—There is a considerable area of farm
land in this watershed, lying chiefly in the valley of the
Androscoggin River. The greater part is in Gorham and
Shelburne. There are also many abandoned fields, which
are coming up now to a second growth of softwoods.

The Forest.—The largest areas of virgin forest in this
basin lie on the north slope of the Presidential Range, 1n
the Low and Burbank Grant and the Thompson and Me-
serve Purchase. Aside from this the entire watershed has
been cut over more or less heavily.

Extensive fires have occurred. The Wild River valley,
on the east slope of the Carter Range, was badly burned
over in the spring of 1903, and Pine Mountain in the town-
ghip of Gorham has been repeatedly burned.

Originally a heavy stand of white pine covered the whole
of the Androscoggin Valley, but of this nothing now re-
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mains but a few scattered trees.  Considerable areas of
gecond-growth pine oceur, however, at the lower elevations,
and it often comes in with great energy on old fields and
abandoned pastures.

The country throughout the townships of Berlin and
Success has been most heavily lumbered and badly burnt.
It contains at present very little growth of any value.
There was formerly considerable larch on the low, swampy
land, but an invasion of the larch saw-fly in 1885 killed off
all the old growth not already cut. On some of these areas,
however, there is now a thick larch reproduction mixed with
balsam.

The softwood reproduction in the northern section is gen-
erally good, spruce and balsam maintaining themselves fair-
ly well on the cut-over land, and usually forming 10 to 20
per cent. of the young growth.

The townships of Errol and Cambridge were logged 35 to
40 years ago for white pine, and 25 to 30 years ago for
spruce saw logs, only the best spruce being taken. Compar-
atively little cutting has been done there since. = There is
now a good growth of softwoods, balsam predominating.
‘The popple is very abundant throughout, with considerable
yellow and paper birch, beech and sugar and red maples
in mixture.

There are small areas of swampy land near the Andros-
coggin River. The principal growth in these places is
an open stand of secrubby black spruce, running up to nine
inches in diamater and 40 to 50 feet in height. There is
also some white cedar and balsam on these spruce bogs.

Above Errol and along the Magalloway River and Clear
Stream, the country is cut up into small tracts owned prin-
cipally by farmers and small lumbermen, and has been very
generally logged over within the last twelve years.

FoRrESTS oFr THE MAGALLOWAY RIVER BASIN.

The country drained hy the Magalloway River lies in the
northeastern corner of the state. The river itself lies just
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across the state line in Maine and, flowing slightly south-
west, crosses into New Hampshire just above Umbagog
Lake, where, receiving the drainage of the entire Rangeley
Lake system, it forms the Androscoggin River.

The area drained by the Magalloway River in New
Hampshire covers 135,960 acres. It includes the east
slopes of Mts. Magalloway and Pisgah and the eastern and
southern slopes of the Crystal Mountains. Its chief trib-
utaries are the Dead Diamond and the Swift Diamond
Rivers.

The country is rough, with many low ridges and low
mountains, and is well watered, with innumerable brooks
and small streams. The general base level varies from
1,200 to 1,800 feet, and there are no mountains over 3,700
feet in height. As a result, there are no peaks above tim-
ber line, and with the exception of Mts. Magalloway and
Carmel, the mountains are all covered with merchantable
growth.

Agricultural Land.—There is practically no cleared land
in this drainage basin, and there are no towns or settlements
save the lumber camps.

The Forest.—This entire region is a spruce country and
is, at present, the best timbered watershed in New Hamp-
shire. The southern half has been practically all ecut over
at one time or another, but as a rule the cutting has been
light, and there is much merchantable stuff left, while the
entire northern part of the basin is still virgin forest.

The country lying along the Swift Diamond River and
its tributaries, and extending up to an elevation of 2,500
feet on the bordering mountains, contained originally two
distinet types of forest. The first, found along the main
stream and the lower courses of its tributaries, and rarely
running to an elevation of over 1,800 feet on the mountain
sam, with a little white spruce in mixture. Above this
type came the second, a hardwood slope extending up to the
divides. The chief growth was sugar maple and yellow
birch, with considerable spruce and balsam in mixture.
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This country has been heavily logged by the Berlin Mills
Company within the past 20 years. All of the valley soft-
woods have been cut, and the slopes below 2,000 feet have
also been logged. The virgin forest remaining lies on the
southern slopes of the Crystal Mountains. It consists of a
scatfered growth of tall, well-formed spruce, in mixture
with a predominating growth of hardwoods.

On the cut-over land considerable small spruce has been
left, mostly under eight inches in diameter. The soft-
wood reproduction, particularly balsam, is good in the val-
leys but poor on the slopes, where, with the exception of a
thick balsam reproduction on a few steep, mossy ledges,
the young growth is principally hardwoods.

The country along the Little Dead Diamond Stream, in
the Atkinson and Gilmanton Academy Grant, has also been
logged over by the Berlin Mills Company. The cutting
has been very conservative. Considerable spruce remains,
and there is excellent softwood reproduction on the lower
slopes. North of this the drainage basin has not been
lumbered, and the forest consists of virgin spruce land.

Along the valleys the forest consists of spruce flats. This
type follows the streams closely, rarely running up the mod-
erate slopes of their basins to an elevation of more than
100 or 200 feet above the bed of the stream and occupying
in general the lower and more poorly drained areas of the
region. The forest of this type is a dense, almost pure
stand of mature softwoods. Black and white spruce, with
some red spruce and a little balsam and white cedar, are
ihe principal species.  The trees are mostly small in
diameter, slender and tall in form. The ground is covered
with a heavy matting of moss, bearing a moderately heavy
reproduction of balsam and black spruce, with a scat-
iering of the other species. On the drier valley bottoms
red spruce forms the dominant growth. The trees here
are larger and better formed, running from eight to 24
inches in diameter, while the stands on the swampy
ground will not average more than 12 to 13 inches in diam-
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eter. The spruce flats represent the densest softwood for-
est of the region, but not the best individual development
of the trees.

Just above this spruce flat type, and extending up the
moderate slopes often to an elvation of 2,200 to 2,300 feet,
are the spruce slopes. These slopes have a fairly deep
soil and good drainage. The individual development of
the trees is better than on the flats, the spruce running from
eight to 28 inches in diameter, and occasionally reaching a
a height of 95 feet. In marked distinction from the flats,
the chief conifer here is the red spruce, there being little
balsam and almost no white spruce, while the hardwoods
form from 25 to 40 per cent. of the stand. Yellow birch
and sugar maple, with some paper birch and beech, are
the chief hardwood species. In consequence of the de-
creased density of the forest as a whole, the ground cover
is correspondingly heavier and is more shrubby and her-
baceous than in the preceding type.

Above these lower spruce slopes come the hardwood
slopes. A heavy growth of fine, mature hardwoods forms
in this region the typical forest of the moderate middle
slopes, running up to the summits of the low, rolling hills.
Rarely, on the higher mountains, it rises above an altitude
of 2,400 feet. These slopes have a moderate gradient, good
drainage, and a fairly rich, loamy soil of good depth. When
these conditions are present, the chief growth is usually
hardwoods, though spruce slopes occasionally occupy areas
of the same character, owing probably to especially favor-
able conditions for the distribution of seed.

The hardwoods on these slopes are yellow birch, sugar
maple, paper birch, and beech, forming together 60 to 75
per cent. of the entire stand. Spruce and balsam form
the remainder of the growth. This mixture with hard-
woods seems to favor the development of straight, full-
boled trees of good height, making excellent timber. The
reproduction is almost entirely hardwoods.

Throughout this type the spruce and balsam occur widely
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FIG. 1.—IFIRST CONNECTICUT LAKE. EFFECT OF CONSTANT FLOODING
FOR STORAGE PURPOSE.

FIG. 2—TIMBER KILLED BY FLOODING.
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FIG. 1.—REPRODUCTION OF WIIITE AND NORWAY PINES UNDER
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FIG. 2—SECOND GROWTH OF WHITE PINE ON ABANDONED LL.AND.
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scattered or in small groups of a few trees. Frequently,
however, on the steeper and higher slopes, rather small areas
of dense softwood growth are found, with few or no hard-
woods in mixture. These areas occur chiefly on the steep,
thin-soiled, rocky ledges or precipitous slopes which are
found frequently in this region, often the result of glacial
erosion. Almost pure spruce and balsam occupy these
places, where the gradient is too steep and the soil too thin
and poor for hardwoods. The trees are short and scrubby,
seldom over 50 feet in height. Often in the more exposed
situations the chief species will be balsam, with but little
spruce and some yellow birch. Such growth occurs on the
summits of Crystal and Magalloway Mountains.  These
forests have suffered a great deal from windfall and death
of the balsam. In general, however, there is very little
scrub growth in this watershed.

ForesTs oF THE UPPER CONNECTICUT RIVER BASIN.

The drainage basin here called the Upper Connecticut
consists of the entire Connecticut drainage area in New
Hampshire as far south as Groveton Junction, where the
drainage basin of the Upper Ammonoosuc River joins it.
The area of this basin examined was 320,720 acres, of which
5,120 acres are water, consisting chiefly of the Connecticut
Lakes. The township of Colebrook and a large part of
Stewartstown and Columbia, consisting, as they do, for the
greater part of agricultural land, were not examined.

The country in general consists of low, rolling hills. The
chief mountains are Mts. Pisgah and Magalloway on the
east and the Dixville Mountains and other low ranges in
the south. The country immediately around the lakes is
flat, and there are a few bogs and swamps, although none
of large extent.

Agricultural Land.—South of the First Lake there is a
great deal of cleared and improved land along the valley.
The farming land in the townships of Colebrook and Stew-
artstown is considered as good as any in the state.
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The Forest.—With the exception of a small area in the
extreme north and a narrow strip in the northeast, the
whole of this river basin has been logged. The virgin for-
est consists of a strip about six miles wide on the north of
Pittsburg township and a narrow strip on the western slopes
of Mts. Carmel, Magalloway and Pisgah. The forest here
is essentially the same as the virgin forest in the Magallo-
way basin adjoining. There is no scrubby growth save
on the summit of Mt. Magalloway. The principal types
are spruce slope and hardwood land, this being a region of
slopes and ridges with few flat valley bottoms. The
spruce flat type is confined to a narrow strip along the East
Inlet, the Connecticut River and the East Fork. Its most
typical form along these streams is a swampy or bog
land growth, consisting of dense stands of black spruce,
with considerable red spruce and balsam in mixture. The
rest of this drainage basin consists of cut-over or culled
land and second growth.

The country was cut over first for pine and then for
spruce, although but little pulpwood was taken in the north-
ern part. The growth now, through Pittsburg, consists
chiefly of mature hardwoods, yellow birch, sugar maple,
and beech, with considerable small spruce and balsam.
Through the southern part of the watershed the stand is
almost pure hardwoods, with only a little spruce, balsam,
and hemlock remaining.

The second growth throughout the valley is excellent,
and is almost entirely softwood. Spruce, pine and balsam
come in very rapidly on abandoned fields and pastures.
On the moister soils the typical growth is larch, cedar and
balsam, with some spruce and red maple scattered through.
The second growth shows an excellent promise for the fu-
ture of this region.

SECOND GROWTH AND REPRODUCTION.

The problem of second growth in New Hampshire is eas-
ily next to the fire problem in importance. In fact, the
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chief service of fire laws will be to keep fire from the second
growth after lumbering. All intelligent recommendations
in regard to the silvicultural treatment of the forest must
be based on a thorough knowledge of second growth and re-
production. Special studies of the characteristics of the
different forest trees must be supplemented and co-ordin-
ated by a general study of the competition which takes place
between them for a place in the forest, the conditions which
determine its make-up under different circumstances, and
the effect of man’s interference. When it is known what
will happen, for example, after lumbering in a particular
locality, the operation can be planned with reference to
the effect on the future stand of timber. Recommendations
of high economic importance in the cutting of the forest
can be made only when the conditions governing second
growth are known.

The value of second growth is well illustrated by the
stumpage price of the so-called sapling pine, which aver-
ages $3.25 per thousand at an age of 40 to 50 years. This
often cuts 20,000 board feet to the acre, and sometimes as

- high as 40,000 feet of boxwood lumber. The stumpage
price of second-growth spruce and balsam for pulp is $2.00
to $2.50 per cord. The value of popple and paper birch,
which are rapid-growing trees coming up on cleared land,
is nearly as high as that of spruce and balsam, and they
become merchantable in 25 to 30 years.

Occurrence—The general nature of the second growth
varies with the forest region. Pine is the most important
second-growth species. In the White Mountain region
and the northern part of the state, spruce, balsam, paper
birch and popple are all-important second-growth trees.
The nature of the growth differs more particularly accord-
ing as it is found: (1) in the forest; (2) on lumbered land;
(3) in pastures and abandoned fields; (4) on burns. The
subject will be considered under these heads.

Growth in the Forest—In a virgin forest reproduction
and succeeding growth are extremely slow. Suppressed



b6 REPORT OF FORESTRY COMMISSION.

seedlings of tolerant species continue to exist under dense
shade, but their growth is scarcely perceptible. =~ When
openings are made in the forest by the decay and death of
the veteran trees, these suppressed seedlings begin to grow
more rapidly under the stimulus of increased light. Re-
production of the more intolerant or light-demanding
species also takes place in the natural openings formed and
these make up for lack of tolerance in rapidity of growth.
Vacant places in the forest are thus soon filled up with a
flourishing succeeding growth of tolerant and intolerant
species, struggling against each other for a place in the
new stand.

The tolerant species, whose seedlings continue to grow
under the shade of the mature trees, are: spruce, balsam,
hemlock, sugar maple and beech. As these are the only
species which can endure dense shade for any length of
time, they constitute the prevailing reproduction in the un-
culled forest. Birches, cherry, popple, and mountain ash,
intolerant and rapid growing, seed profusely in the open-
ings.

The character of the reproduction varies also with the
forest type. Counts on three sixteenth-acre plots on spruce
slope, the same number on hardwood land, and one square
10d in a windfall on spruce slope, gave the following aver-
age results:

TABLE XIIL.—REPRODUCTION IN VIRGIN FOREST.

Averngé number of seedlings per one-
sixteenth acre.

8pecies.
Hardwood Spruce 8pruce slope

land. slope. windfall.
BEOCHT e ceestlossotesessetssiacsnss 2,802  Jeeeeeee cevcecfocccrcrsececsnccan
MADIOS Joleececcetoccicssceaceseaasad 1,871 40 |eeeecrersosesscesa
Paper blr Botd hoogootoodootibordl (hogbopoghg oood 1,285
Spruce...... 25 853 108
IBAISAINNEI e s ele/sie s el olesle/siesisisielslolalzela ] s /o sieele s elen/els ele's 103 141
Yellow birch.. . 46 b U S P T T X
MOUNTAINIASN. cocciicos sootlecatasss|bonseszcenassnos]ssshossecesese ~ 8
HemloCK...iuteieiiiiieieiinieiieiiietiioiiieenns D S




PLATE XXI.

IFIG. 1.—BALSAM AND SPRUCE REPRODUCTION ON A SPRUCE SLOPE. .
ELEVATION, 3,000 FEET.

FIG. 2—BEECH AND IIARD MAPLE SEEDLINGS IN HARDWOOD FOREST. 1
ELEVATION, 1,200 FERET. .




PLATE XXII.

FIG. 1.—OLD FIELD GROWING UP TO JUNIPER AND WIIITD PINE.

FIG. 2—GROWTII OF WIIITE PINE ON AN OLD FIELD.
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On hardwood lands beech and sugar maple seedlings
constitute almost the entire young growth. The thick
ground cover of undecomposed hardwood litter on this type
is unfavorable to coniferous germination, but forms a suit-
able seedbed for sugar maple and beech. For this reason
such land when cut over always comes up to hardwoods,
which are already on the ground waiting for an access of
light to start active growth.

On the spruce slope type there is good reproduction of
conifers. The seedbed—coniferous duff covered with
moisture-holding moss—is better suited to their germination
than that on hardwood land. On the upper portions of
this type windfall is often quite common.

The character of the stand on these windfalls is changed,
for a time at least. A one sixteenth-acre plot taken on a
50-year-old windfall showed the following stand of trees:

TABLE XIV.—REPRODUCTION ON ONE-SIXTEENTH ACRE
OF 50-YEAR-OLD WINDFALL ON SPRUCE SLOPE.

Number of | Average dinmeter
Species. trees. breasthigh.
Inches.
Paper birch. 12 6.8
8pruce....... 11 5.2
Balsam...... 3 4.2
Yellow birch 1 6.0

Upper spruce slopes have almost entirely softwood re-
production, particularly balsam. The softwoods are able
to hold their own on this type after windfall or lumbering.
‘Where landslides occur on the steep, forest-clad slopes and
everything is carried off down to the bare underlying roclk,
natural reforestation is extremely slow and depends on the
gradual arcumulation of soil.

On coniferous flats reproduction and second growth of
those comnifers which are the prevailing species are excel-
lent. The mossy ground cover which is generally present
is best suited to balsam.
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Growth on Lumbered Land.—In the White Mountain
region most of the lumbering has been done on the lower
slopes. The effect is to increase the proportion of hard-
woods, for a time at least, in the succeeding stand. The
proportion of conifers increases with the elevation and gra-
dient, in the growth after cutting as well as in the original
forest.

The results from sample plots, one rod square, on lum-
bered areas, are given in the following table:

TABLE XV.—REPRODUCTION ON CUT-OVER LAND.

-Avernge number of seedlings per one-
sixteenth acre.

Species. Hardwood |Spruce slope | Spruce flat
land cutclean| cutclean 8 cut clean 7
2 years ago. years ago. years ago.

Yellow birch...covivesereecnsnanees 38 170 36
Bird cherry.... :

On coniferous flats there is abundant hardwouod repro-
duction immediately following lumbering, but there is
usually sufficient young coniferous growth already on the
ground to make up for this, so that the stand will in the
end be mainly softwoods. On the spruce slope and spruce
flat given in Table XV there were left after the logging
250 and 135 spruce and 20 and 53 balsam, respectively.
That these softwood seedlings eventually crowd out the
hardwoods is shown in the following table:
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TABLE XVIL.—STAND ON A FLAT CUT CLEAN 40 YEARS

AGO.
Number of trees on one-sixteenth acre.
bDinm&tierh ————— -
reasthigh. Paper Yellow
Spruce. Balsam. bireh. birch. Maples.
Inches.
1 6 3
2 Jeeesiieiconeee 2
3 1 4
1 O L
b 1 i
B |ressssarrnsnnafrcacene [
| W R SR e 1
8  |isesscesvareas 2
9 2 1
10 1 lesssssssnsensans|es
12 T 3
18 |sesenvesnneses 1
19 1
Total........... 10 21

These tables indicate that the conifers are able to hold
their own after lumbering on the spruce slopes and flats,
but not on the hardwood lands.

Growth on Pastures and Abandoned Fields.—A large
area in New Hampshire is covered with forest growth on
lands originally cleared for pasture and agricultural pur-
poses, but subsequently abandoned as unprofitable. In
the white pine region along the Saco River there are nu-
merous stands of excellent pasture pine which yield, when
cut, as high as 40,000 board feet of box-board lumber to
the acre. In the White Mountain region and in the ex-
treme northern part of the state the abandoned land is
often covered with a thrifty growth of spruce and balsam.
A certain amount of grazing is beneficial to the growth of
the conifers, for it tends to keep down the hardwood seed-
lings and sprouts. The cattle eat the broadleaf foliage,
and this is one reason why the second growth on pastures
is mainly coniferous. There is frequently a considerable
admixture of the birches, popple, and aspen, which:form
good nurse trees for the softwoods.

The following sample plots serve as an indication of the
stand of spruce and balsam at different ages in pastures,
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and will give an idea of what kind of a yield may be ex-
pected, in the course of time, from old-field growth:

TABLE XVIL.—REPRODUCTION ON OLD FIELDS AND PAS-

TURES.
Number
Plot Average Average
No. Area. Age. | Species. trgés. height. diameter.
Acres. | Years. | [ Feet. | Imches.
1 1-18 5-16 |Spruce........ 88 l 8 Not on
Balsam........ 25 8 survey.
Total....euvens 118 e saan P B ¥sriceooog -
2 1-16 16-20 |Spruce........ 66 20 1.5
Balsam........ 114 | fordominant 2.0
White pine.... 18 trees. 2.8
Total.......... 192 [ ............................ -
3 1-16 20-25 |Spruce 13 ' 0 4.2
Balsam 60 for dominant 3.6
Others 3 ’ trees. 1.4
Total.... 78 (e eetees Y| Brroonooood o
4 1-16 26-30 %pxl'uce ........ 36 ' 30—?0 to: éiom- 2.0
alsam....... 67 nanttrees 3.1
White pine... 31 r ine an d' 2.8
Hemlock...... 33 alsam. 1.9
Maple......... o I 2.4
Total.ccceeenss 186 r ..............................
5 1-16 80-36 |Spruce........ 44 | 36 5.6
Balsam....... 9 for dominant 4.0
Hardwood 10 trees. 2.3
Total..... 5 T PO IIRRISR] I craotota: i
(] 1-16 36-40 |Spruce........ 68 8640 for dom- 3.9
Balsam....... 19 inant trees. 5.1
Hardwoods... 17 [Jececcorescnsccnces 1.8
TOtALeerererens 104 [1EIIIINNE S e
I
7 14 40-46 |[Spruce........ 89 | 50 8.8
Balsam....... 8 for dominant 6.2
White pine... 5 1 trees. 7.6
OtAlecsceensss 112 WRRRERRRERRIL RS ks o1 -

‘Where grazing is very slight the pasture sometimes grows.
up first to the hardwoods with light-winged seed, as is the
case after fires. The conifers gradually creep in under
these light-foliaged, intolerant species; they are only
slightly suppressed by them, and in time will crowd them
out altogether. The following sixteenth-acre plot illus-
trates how under such conditions softwoods come up under
the hardwood growth.
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TABLE XVIIL.—REPRODUCTION ON LIGHTLY GRAZED

LAND.
Average
Number of Average
Species. | diameter
P | trees. height. breasthigh.

Feet. Inches.
|25 T coaoornoa A RTRT TR T AL 38 15 2.0
Balsam . 12 20 2.8
Hemlock 81 15 1.8
OEPI 4 45 6.4
Yellow birch 3 20 2.4
Paper birch.. 46 36 4.1
Red maple... 18 25 2.7
‘White pine.. 1 10 1.0

IO A e ee e e ceseoscescenss 168 |esscassavasaivensafsinnasaisnssa vonen

The height growth of seedling spruce and balsam in pas-
tures and old fields is very different from that in the for-
est. The following table shows the average growth in
height in the former situations of four of the principal old-
field species:

TABLE XIX.—HETGHT GROWTH ON OLD FIELDS.

Age—Years.

Species. b ‘ 10 15 20 26 30 35 40

Height—Feet.

.4 | 6.0 10.0 | 16.0 | 28.0 | 85.0 |......
J7110.8 | 18.8 |Lutecefieneafeen ot

Q

0

PODDIO. ervronein s I 800 | 1600 | 2800 [ueaneuneennifonnan]i Ll
Wlll)i%e pine....

In the white pine country, as along the Saco River south
of the Crawford Notch, white pine is the most important
and valuable old-field growth. It comes up almost pure,
in mixture with gray birch and popple, or with pitch or
red pine.

The following sample plots show the growth of white pine
stands at different ages under favorable conditions:
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TABLE XX.—WHITE PINE ON OLD FIELDS.

Number Average
%lgf‘ Area. | Age. Species. of Ailve?r%%e diameter
0 trees. B0t | hreasthigh.
Acres. | Years. Feet. [ Inohes.
1 1-2 8-10 (White pine... 804 =S oonomaooa:
Others........ 108 Wiceceeennee. I R A0 oot
2 1-2 10-16 |White pine...| 1,640 7 L....... o .
Others........ 280 | [JeecccceceTanes leeeee
3 1-2 16-20 (White pine... 1,020 20 3.0
Others ........ 240 gl...... 200, | 2.6
1
4 1-2 26-30 |White pine... 6526 26 4.1
Others........ 66 M. .. oncesnacens i 8.0
6 1-2 30-36 |White pine... 866 40 | 6.2
Others........ C | B o0 SR G
[] 1-2 8640 |White pine... 187 66 | 7.0
Others........ 84  Jeeeeccccieenes | 2.6
7 1-2 40-45 |White pine... 170 85 | 8.7
Others........ 26  leceesscceceres 8.0
|
8 1-2 46-60 |White pine... 176 70 | 9.0
Others........ B0 feererecranssen 8.0
9 1-2 60-66 |White pine... 180 76 [ 11.0
Others....cceelevsesecesess creosiasacgess oo
10 1-2 60-86 |White pine... 187 80 | 12.8
Others........ 6 tesarsses onsalecorn e et
11 1-2 66-70 |White pine... 800 86 12.6
Others....... b [T P [rree cereens e

Growth on Burns.—The effects of fire on growth is dis-
cussed more in detail under another heading. In general
the effect is to Kkill all young coniferous growth which has
been left in lumbering. The burn is immediately seeded
up by intolerant, rapid-growing hardwoods with light-
winged seeds, capable of being carried long distances by the
wind, such as the birches, popple, and aspen. Frequently
it comes up to a thick growth of bird cherry from seeds al-
ready in the ground, collected there for many years from
deposits of birds.

When the burns are seeded up to a good growth of paper
birch and popple, the expectation value of the stand is all
that could be wished, as these species become merchantable
in 25 to 30 years and pay good stumpage. A thick growth
of cherry is absolutely worthless and, what is more, keeps
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out all the valuable species for 10 or 15 years. A count
of 2,116 bird cherry seedlings was made on one square rod
of a 1903 burn. This is equal to 338,560 to the acre.
‘When coniferous seed trees are adjacent to the burn,
softwood seedlings begin to appear within five years at
least. These are suppressed for a time by the more rapid-
growing hardwoods, but if the land was originally of a con-
iferous type, the softwoods will finally become dominant.
On types approaching hardwood land the conifers will
probably never return.

One square rod taken on an area burned 11 years ago,
followed by another fire two years ago, had 22 popple and
122 cherry two-year-old sprouts on it, respectively four and
three feet tall.

Sixteenth-acre plots, one on each type, gave the following
results:

TABLE XXI.—REPRODUCTION ON BURNED-OVER LAND.
[1-16-acre plots.]

8Slope. Flat.
Burned 12 years ago. Burned 0 years ago.
8pecies. — . A .
umber o umber o Average
trees. %veeir%&e trees. diameter
ght. breasthigh.
Feet. Inches.
Yellow birch..... ...... 187 16 g
Sugar maple............ 128 ]
Mountain maple. 92 b T O P
‘Wild red cherry. . 74 PO | | bSoccooTaattd loaaadio e
D T L C O e aris e sicisisls o bR tieie aeisl oisic s ais (] S1s S < oo omtolots s o 26
IPApOnDbIirch..... fi... o ctdfeeisececidisndefiotiici e et 8.1
Aspen...... 19 20 3.9
Balsam...... 1 1 4.2
Red maple..... 2 ] 3.8
8triped mapl 18 3] 1.0
Mountain as ] 16 . [i-eccscesescecefecacscunsesanss
£2) 166 § 00T "o godBonarnonoan| Banacaaa 8Bl 1 - aaganastd 1.0
Beech........ 1 1 . . P
WILIOW ceeceernecnnananns 1 16 [esvesssansaveas]issssasonsinnss
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TREES OF NORTHERN NEW HAMPSHIRE.
RED SPRUCE.

The red spruce is the characteristic tree of northern New
Hampshire. It is found on all types and in a variety of
mixtures. It oceurs most frequently on a sandy loam soil,
with fair moisture content. It cannot tolerate pure sand
as the white pine does, but it will grow on soil of scarcely
any depth, and in every variety of situation from the banks
of rivers to the mountain tops. On the best loamy soils
it has been known to reach a diameter of four feet breast-
high, and a height of 100 feet; the average mature tree,
however, is about 18 inches in diameter and 80 feet in
height.

In form spruce varies with age and situation. Trees
in the open have long, conical boles, with lateral branches
extending almost to the ground. In the forest the boles
are more cylindrical, and a third or more of their length
is clear. During the period of greatest growth spruce de-
velops a long, narrow conical crown, which in age tends
to become broad and flat. The root system is very flat
and shallow, made up of many small, branching, lateral
roots. It is adapted to very shallow soils, but is not at
all wind-firm.

Spruce produces some seed every year, but seeds very
abundantly only about once in eight years. The seed does
not germinate nearly so readily as that of balsam, and is
more exacting in regard to the condition of the seed bed.
Its requisites in this respect are: (1) a suitable degree of
moisture and (2) sufficient soil, either organic or mineral.
There is no special light requirement. The best spruce
reproduction is found where the above conditions are best
fulfilled, and this is on old decaying logs covered with
moisture-gathering moss. There is very little spruce re-
production on hardwood land, where the soil is covered with
a thick matting of hardwood litter. On spruce flats and
slopes the reproduction is generally good, as the ground is

—




ILATE XXIII.

FIG. 1.—~PURE STAND OF NORWAY I'INE, BADLY IN NEED OF THINNING.

FIG. 2—REPRODUCTION OF SPRUCE ON ABANDONED LAND, NEAR
SEED TREES.
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covered more or less with moss and there is considerable
organic soil exposed. On the bare, moist mineral soil near
streams there is often excellent reproduction. The seed
is light and winged, and is easily carried considerable dis-
tances from the trees by the wind.

Spruce is one of the most tolerant of the coniferous
species; that is, it ecan continue to exist with little sunlight,
although it requires abundant light for rapid development.
Germinating in the dense shade of the forest, it often con-
tinues to grow as a suppressed seedling for fifty years or
more without reaching a height of over five feet. As soon
as light is admitted, however, its rate of growth rapidly
increases. It is this great tolerance and tenacity of the
spruce in youth which makes up for its slow growth and
causes it to be so generally distributed.

Spruce does not reproduce well on lumbered areas, be-
cause the more rapid-growing hardwoods get in ahead of it
and seed up the ground. On spruce land, however, there
is usually sufficient young spruce already on the ground
to take the place of that cut. This growth may be sup-
pressed for a time by the hardwoods, but it will in the end
form a large part of the stand.

BarsaM.

Balsam occurs in mixture with spruce throughout north-
ern New Hampshire and is found chiefly on the spruce flats,
in swamps, and on the upper spruce slopes, often occurring
neavly pure. It is not found to any extent on the hard-
wood land or lower slopes.

Very shallow-rooted, and needing only moss to germin-
ate on, it can grow almost on the bare rock, and is the last
form of tree growth to disappear on the summits of the high
mountains, for it is found as a prostrate shrub at high alti-
tudes. Balsam, at such elevations, rarely matures its seed,
reproduction being dependent on seed blown up from below
and on the layering of the trees themselves. Branches so
layered are often found growing as independent trees, the
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connecting branch having decayed. The rooting always
proceeds from dormant buds. Prostrate balsam occurs at
an altitude of 5,500 feet on the Presidential Range, where
it reproduces almost entirely by layering. At an elevation
of 4,900 feet cones are borne sparingly, but even here re-
production by layering exists. The serub form extends
down to about 4,500 feet elevation, and the upper limit of
merchantable size is at 4,000 feet.

Individual fir trees seed as a rule every third year. This
is, however, varied in some cases by seeding in alternate
years, and even in successive years. The more vigorous
the tree, the more frequent the seeding. The pollen ma-
tures on the last year’s shoot and the cones on that of the
year before; thus, in 1902, a good seed year, the pollen
occurred on 1901 wood and the cones on that of 1900. The
shoot made on the branches bearing pollen, the year the
pollen matures, is usually markedly dwarfed.

The balsam prefers a mossy ground cover for a seed bed.
Seedlings are usually very plentiful on old moss-covered
logs and on the upper slopes. They are able to endure
rather heavy shade and will live for years in a suppressed
condition, ready to start into active growth on the removal
of the old forest. Reproduction is best on the spruce flats
and the upper slopes.

Balsam is not a long-lived tree; few individuals are found
over 150 years old. It is easily thrown by the wind, and,
growing as it does on very shallow soil at high elevations,
the constant swaying of the tree in the wind may sever
the connection of the rootlets, breaking and tearing them
and thus causing the tree gradually to dry out and die for
no apparent reason. Often large areas of such dead and
dying trees are found on the upper slopes.

In second growth balsam takes a prominent part, espe-
cially on flats and on the moister ground. It is also very
common on old burns, clearings and wind-falls at high ele-
vations, and with yellow birch often forms the chief repro-
duction.
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‘While balsam occurs over the entire region, it reaches
better development and forms larger individual trees in
the upper Connecticut and Magalloway watersheds than
farther south.

WmTe PiNE.

‘White pine was originally abundant in New Hampshire
and was found in nearly all situations below 1,500 feet
elevation.  Practically all the old growth has been cut,
and only a few scattered trees remain. The second growth
however, is good, particularly in the Saco watershed and
the southern townships. The tree prefers a rather sandy
and fairly moist soil and has under favorable conditions
an extremely rapid growth in height and diameter. Re-
production at present is confined almost entirely to old
fields, which yield in 30 to 50 years almost incredibly large
amounts of timber. In this length of time it is not rare
for an acre of second-growth pine to produce 40,000 to
50,000 board feet.

The tree is intolerant of shade and, chiefly for this rea-
son, it thrives best in even-aged, pure stands, such as come
up on abandoned land when there are seed trees in the
vicinity. White pine is fairly free from injuries, although
up to its fourteenth year it is susceptible to attacks from the
weevil, which deprives the tree of its leading shoot. This
injury, when prevalent, has serious results, producing dis-
torted trees which are of little value.

Rep PINE.

The red, or Norway, pine is most abundant in the Saco
drainage basin, where it originally occurred mixed with
white pine, or often in small pure stands. It is not found
in the mountains and only extends as far north as the low-
er Androscoggin. . It prefers a sandy soil, such as that
in Conway and Chatham, where it is most abundant. In
both height and diameter growth it is very similar to the
white pine, although having a slight advantage in early
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youth. It is not, however, quite as tolerant of shade as
the white pine, and prefers a rather open seedbed. In
abandoned fields and pastures it often comes in very
densely. In habit it is gregarious and is usually found
in groups of a few trees or in pure stands over small areas.
Restricted as it is to low localities with a sandy soil, it has
not a wide distribution in the state, and is practically con-
fined to the low: lands around the Saco. A few scattered
trees are also found in the townships of Thornton and War-
ren, and along the Mad River.

Pirce PINE.

Pitch pine occurs chiefly in the Saco watershed, on level,
sandy soils. It is most plentiful in the township of Mad-
ison, around Silver Lake, and in the neighborhood of Ossi-
pee Lake, Conway is its northern limit. It forms pure,
open stands, often with an undergrowth of serub oak
(Quercus pumila) and some gray birch. It reproduces
along roadsides and in openings in the woods, but requires
a great deal of light.

It resists fire remarkably well, often sprouting to some
extent when burned. The greater part of the pitch pine
land has been repeatedly burned over. Pitch pine never
reaches a large size, although individuals are occasionally
found 14 inches in diameter. It is usually short and
stunted.

Jack PINE.

This species (Pinus divaricata) oceurs on the rocky, thin-
soiled slopes and summits of the small mountains in the
southern townships. It is short and serubby and of ab-
solutely no commercial value.

HEMLOCE. .

Hemlock was formerly very abundant in the central part
of the state, but has been almost entirely taken out for the




PLATE XXYV.

FIG. 1.—BALSAM ON TIIE UPIPKR SLOPES OF MT. WHBSTER. THE LARGER
TREES ARE MOSTLY DEAD.

FIG. 2.—BALSAM IS EASILY THROWN BY TIE WIND ON THRE FLATS.



PLATRE XXVI.

E BIRCII AND POPLAR.

IG. 1.—YOUNG GROWTII OF WHIT

r

K OF RED SIRUCE.

.—BAR

FIG. 2



REPORT OF FORESTRY COMMISSION. 69

bark. It occurs on the lower slopes of the Presidential
Range below an altitude of 2,400 feet, and reaches its nor-
thern limit in the mountains of central Cois county.

Hemlock attains its best development on the lowlands
along the streams and on the lower slopes, where it grows
in mixture with hardwoods and white pine. ©The average
diameter of mature trees is 16 to 20 inches, although many
ere found over 40 inches in diameter. Its growth is slow,
and, although it is able to withstand very dense shade, the
reproduction is very poor. The best reproduction is found
along streams and in low, moist situations.

‘WHITE SPRUCE.

‘White spruce (Picea canadensis) is found only in the
northermost part of the state, in the Connecticut Lake
district. It here reaches its southern limit and replaces
the red spruce to some extent in the forest. In height and
diameter growth it is very similar to the red spruce, which
it closely resembles in its characteristics.

Brack SPRUCE.

‘Where spruce occurs in swamps it is usually not the red
but the black spruce (Picea mariana), which is better adap-
ted to wet places. It is distinguished by its shorter and
more scrubby development, darker bark and a slightly
deeper green cast of foliage. The cones also are smaller
and more persistent.

LaArcH.

Larch, or tamarack, is scatteringly distributed over the
state, rarely occurring at elevations exceeding 1,300 feet.
It prefers low, moist situations, where frequently the re-
production is pure and dense. The comparatively few
swamps in the state explain in part the slight occurrence
of the tree. It is one of the most intolerant species in the
north woods and, in the White Mountain region at least,
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iz short-lived. It rarely reaches a diameter of eight
inches.

Larch is extremely sensitive to fire—a fact of which
there are striking illustrations in the valley of the Israel
River in the township of Jefferson. Its chief enemy is
the larch sawfly, which in the past has destroyed large areas
of larch, but at present is not very much in evidence.

‘WHITE CEDAR.

‘White cedar, one of the less abundant species and one
which rarely occurs in the southern part of the state, is
the typical tree of the cold swamps in the north, where it
frequently grows in dense patches. Ordinarily the size of
the tree is small, 10 inches through and 50 feet high being
unusual. Its reproduction is prolific wherever there is
a suitable seedbed. This must be thoroughly moist and
fairly deep. The seed is distributed to some extent by
the agency of water. It is found on the shores of lakes and
streams and is common on Third Connecticut Liake and also
on the East Branch of the Pemigewasset River.

SuGAR MAPLE.

Sugar maple occurs over the entire state and, with yel-
low bireh, is the commonest of the hardwoods. It reaches
its best development on the deep, fresh soil of the hardwood
slopes and is seldom found at elevations of over 2,600 feet.
It never grows in swamps or on wet flats. It forms a
long, clear bole with a small ecrown, and reaches a maxi-
mum height of 90 feet and a diameter of 30 inches, al-
though the average for mature trees is much smaller
Growing in a dense forest in mixture with spruce, yellow
birch and beech, it makes a heavy shade. In such places
its reproduction is excellent ; a thick matting of sugar maple
seedlings covers the ground. It reproduces best on a seed-
bed of leaf litter where there is little underbrush. The
seedlings are able to endure heavy shade.
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Sugar maple is also very abundant along roadsides and
on cut-over land. It is one of the first trees to come in
after lumbering wherever the soil is sufficiently good to
support it, and by its dense shade and faster growth during
youth keeps out the softwoods.

YELLOW BIRCH.

Yellow birch has the widest distribution of any of the
bardwoods in Northern New Hampshire. It occurs on
every situation from the low, wet flats to the upper limit
of tree growth on the mountains, but finds its best develop-
ment on the lower slopes and drier flats, where it often
reaches a height of 80 feet and a diameter of 36 inches.
The trees of the largest diameter are, however, apt to be
short, with widespreading or broken tops. The root sys-
tem is shallow and well adapted to thin soil.  Although
the yellow birch will grow on rocky, shallow soil on the
steep slopes, it is not found extensively above an altitude
of 3,000 feet, although individual trees are common up to
the limit of tree growth. .

The yellow birch seeds abundantly and the seedlings are
able to grow in rather heavy shade, although they are not
so tolerant in this respect as the sugar maple. The best
seedbed is moss, old logs, and decayed stumps. In second
growth and windfalls the yellow birch comes in very dense-
ly, often to the exclusion of other species, and, owing to its
adaptability to all soils, forms a large part of the forest
in every situation.

BEECH.

Beech occurs throughout the state. ~ 'With sugar maple
and yellow birch it forms the chief hardwood of the coun-
try. It grows best on the lower slopes and along the val-
leys and streams, and is rarely found above an elevation of
2,400 feet. On cut-over land it is very abundant and after
burns reproduces by sprouts. On the hardwood slopes,
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where it reaches its best development, it reproduces pro-
fusely, preferring a seedbed of mineral soil or leaf litter
not densely overgrown with underbrush. Beech is very
tolerant, equaling the sugar maple in this respect, and the
seedlings are able to live in heavy shade.

The beech does not form a very sound tree in this region
and is apt to decay at an early period.

PAPER BIrcH.

Paper, or white, birch is widely distributed over the state
and is particularly abundant in the White Mountain region,
where it occurs at all elevations from valley to timber line.
Its occurrence above and below an altitude of about 3,000
feet presents a marked contrast. TUp to this elevation it
grows scatteringly, apparently crowded out by other hard-
woods and spruce, all of which generally attain a greater
height than the paper birch. Above 3,000 feet the tree
vies with the balsam for the first place in the forest, where
its white, exfoliating bark renders it the more in evidence.
Its abundance at high elevations is due rather to the fact
that the soil is too poor to support other trees than to its
particular preference for such situations. At an eleva-
tion of 5,700 feet on Mt. Washington it occurs as a pros-
trate shrub.

Paper birch attains its best development, however, in
mixture with spruce at medium elevations, producing a
clear merchantable stem topped by a comparatively short
crown. Compared with its associating hardwoods it is
short-lived, generally evidencing a lack of thrift before it
reaches its hundred and twenty-fifth year. Its reproduction
in the forest at the lower elevations is noticeably scattering,
which is explained by its intolerance of shade. At the high-
er elevations, however, where the other hardwoods practi- -
cally cease and where the height of the tree has materially
decreased, paper birch reproduces prolifically. On lum-
bered areas, burns, and windfalls the reproduction is
frequently dense; this, however, depends upon the proxim-



PLATE XXVII.

I'IG. 1.—HARDWOOD FOREST CULLED OF SPRUCH.

FIG. 2.—VIRGIN HARDWOOD LAND.



PLATE XXVIIIL

RFFECT OF FIRE ON CUT-OVER LAND.
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ity of seed trees. It is not root-firm, and when a portion
of the forest is removed it falls an easy prey to the wind.

REp MaPILE.

The red maple is abundant in New Hampshire. It
prefers moist soils and is seldom found on the mountains
above an elevation of 2,500 feet, although individual trees
are occasionally seen at 2,700 feet. It is one of the com-
monest trees on cut-over land at low elevations, and is very
conspicuous in second growth, owing to its ready tendency
to coppice. The red maple reproduces easily. It is not
so tolerant of shade as the sugar maple but makes rather
faster height growth.

PorPLE AND ASPEN.

These two species, Populus granidentata and Populus tre-
muloides, have practically the same silvicultural character-
istics and commercial value. They differ slightly in dis-
tribution, popple, or largetooth aspen, being confined mostly
to the southern half of the state, while aspen has a general
distribution over the entire state.

Popple is extremely rapid-growing but short-lived. It
shoots up like a weed, growing on the average 18 feet in
height in the first 11 years. It will not grow on the poor-
est qualities of soil and is generally found in the better
localities. The aspens have a light-winged seed that can
be easily carried for long distances by the wind and any
land is apt to be seeded up to a thick stand of these species
wherever there is sufficient light, as on burns, after lum-
bering, or on abandoned fields. The trees seldom get be-
yond 50 years in age, by which time they have reached a
large size. Extreme intolerance of shade is usually, how-
ever, the cause of their early death. Commercially, pop-
ple is a valuable tree.  Its use is chiefly for soda pulp and
excelsior.  After fire or lumbering the aspens are very
desirable species to have come up, as they become mer-
chantable in 20 years and yield a large stand to the acre.
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Bmp CEHERRY.

Bird, or wild red, cherry (Prunus pennsylvanica) is the
common successor of fires and comes up with great energy,
especially where the land has been burned over more than
once. It is fast in growth, but never reaches large size,
and is absolutely worthless. The densest stands are to
be found on Cherry Mountain and in the Zealand Valley,
in the townships of Carroll and Bethlehem, and on Pine
Mountain in Gorham. All these tracts have been repeated-
ly burned over. It occurs over the entire state, coming
up on old logging roads and on cut-over land, but to attain
its best development requires fire.

The seed are almost wholly distributed by birds, which
are very fond of the fruit. The seed may remain in the
humus for long periods before germinating. When a fire
runs over the area all seeds not killed are brought into direct
contact with the capillary moisture of the mineral soil by
the burning away of the organic matter on which the seed
rested. The seed coat is very thick and so is able to with-
stand a very hot fire, while considerable moisture is required
to start germination. The access of light that follows a fire
or cutting is also necessary, for the cherry is very intolerant
of shade.

After a fire, practically every uninjured cherry seed that
is properly covered by soil germinates, and makes a very
rapid growth the first year, having in the case of a severe
burn, little or no competition. A height growth of three or
four feet and even more is common. If the area is again
burned over, each seedling sprouts with great energy. The
result is a dense stand of bird cherry. It grows very rap-
idly at first but its height growth is limited and at the end
of 30 years becomes very slow. Other species then quickly
crowd it out. Few trees are found over 50 years old.

WaITE OAR.

‘White oak, though common in southern New Hampshire,
occurs in the region examined only as scattered individuals
over a small area. It extends as far north as Plymouth,
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Squam Lake and the Ossipee Lakes, but is seldom found
at an elevation of over 500 feet, and in the section of the
state examined is a tree of merely botanical interest.

REeDp OAR.

Red oak also is a typical tree of the southern part of the
state. It is the hardiest of the oaks and extends as far
north as the Israel River on the east and the lower Andros-
coggin on the west, but is not found in the White Moun-
tains proper. It is most abundant in the townships of
Warren, Wentworth and Rumney in the Pemigewasset
watershed, where it forms a large part of the hardwood for-
est. In the township of Eaton, on the slopes north of
Robertson’s Pond, it occurs as an almost pure stand, with
some ironwood in mixture. It is common on Mt. Hayes,
in Gorham, up to an elevation of 2,500 feet, but is not
usually found at such elevations, rarely occurring in large
numbers above 1,500 feet.

The red oak coppices readily and is fairly tolerant of
shade.

WHITE AsH.

‘White ash, scatteringly distributed in the region consid-
ered by this report, exhibits a marked increase in occur-
rence and size from north to south. It generally seeks
moist, alluvial soil along streams, but was found, though as
a straggler, at an elevation of 2,300 feet on Mt. Hayes, in
the township of Gorham. In the White Mountain region
specimens of large size are uncommon. Though the tree
sprouts freely at the stump, reproduction from seed is poor.
Intolerance of shade is a characteristic of the white ash and
becomes more pronounced with age.

Brack AsH.

This species occurs in moist situations below 2,000 feet
elevation. It is found in the valleys where the soil is fer-
tile and deep, and along small streams. It is not of fre-
(luent occurrence.
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ELy.

The white, or American, elm, although of wide distrib-
ution and common over the entire state, does not oceur any-
where in great abundance. It is found on deep alluvial
soils along the streams and in meadows, but is not found to
any great extent in the forest. Owing to its requirement
for deep, moist soil, it occurs only at low altitudes.

Brack CHERRY.

Black cherry is not common in Northern New Hampshire,
and no large trees are found. It reaches its best develop-
ment on fresh, deep soil and on the lower slopes and val-
leys. It occurs chiefly as individuals along roadsides. It
was found in greatest abundance at low elevations in the
townships of Chatham and Eaton and along the Andros-
coggin.  The reproduction is very poor and but few seed-
lings are found.

GrAY BIrCH.

Gray birch, often called ‘‘white bireh,”’ but to be dis-
tinguished from the paper, or white, birch, has about the
same distribution as white pine. It occurs plentifully in
the southern townships of the state, in fields and pastures.
It is of little commercial value except for cordwood.

Buack BircH.

Black birch occurs but seldom in the region examined.
It is found chiefly on the small mountains in the southern
townships, but rapidly disappears northwards. It pre-
fers moist, cool situations.

Basswoob.

This species is often found in hardwood forests under
2,000 feet in elevation in the southern half of the state.
It prefers moist, well-drained, fertile soils, and is not com-
mon in Northern New Hampshire.
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BUTTERNUT.

Butternut is chiefly found in the southern part of New
Hampshire and occurs only as scattered individuals in the
northern townships, in fields and along roads. It is of
little commerecial value.

TABLE XXIIL.—AVERAGE HEIGHT OF THE IMPORTANT

SPECIES.
Height—Feet.
Droastaign
reasthigh. | Sugar Yellow Paper
Spruce.| Balsam. maple. Beech. | “hirch. | bireh.
Inches. [

6 41 46 46 63 46 48

8 49 63 63 69 61 66

10 66 69 b7 63 66 61

12 60 63 69 86 68 63

14 [} 64 67 60 67 60 65

16 67 70 61 68 61 67

18 70 73 62 69 62 69

20 78 76 63 70 63 72

22 76 78 64 71 64 74

24 78 80 66 72 66 76

FOREST FIRES.

The general topography of New Hampshire is sufficient-
Iy hilly to preclude the possibility of a catastrophe by fire
commensurate with that whieh occurred in the Miramichi
Valley of New Brunswick in 1825, or in Wisconsin or Mich-
igan in the early seventies. Forest fires, however, of greater
or less extent and severity have been the common accom-
paniment of lumbering and the clearing of land since the
earliest days. In recent decades the introduction of the
steam locomotive as a common carrier and as an adjunct
to the lumberman’s logging outfit has greatly increased®
their number. The same is true of the increase in the
number of persons who frequent the woods for pleasure.
The extension from year to year of the total area which

6
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has been burned and appreciation of the facts that the great
bulk of this land has failed to develop a valuable forest
growth, that indeed much of it remains an absolute waste,
and that the forest resources of the state are being rapidly
depleted, has forced on all thoughtful persons interested,
financially or otherwise, the recognition of the fire question
as the question of first importance to the forests of the
state.

Damage and Eztent.—For a number of years preceding
1903, New Hampshire has been comparatively free from
destructive fires, although almost every year added a con-
siderable, and some years a very large contribution to the
total area burned over. These fires ran as a rule over lum-
bered land, but occasionally they destroyed considerable
areas of virgin forest. One of the most destructive of them,
within the White Mountain region, was that in the Zea-
land Valley in 1888. This valley had been lumbered for
spruce saw-timber by J. E. Henry & Sons, the spruce being
taken to a diameter of about 10 inches on the stump. The
fire, starting, as is supposed, from a burning mateh dropped
by a smoker, ran over some 12,000 acres, destroying the
hardwoods and the remaining spruce, together with about
two million board feet of saw-logs on the skidways. The
loss in stumpage was estimated at the time at $50,000 on
the pulpwood standing. The hardwoods had at the time
practically no sale value. One hundred thousand dollars
would be a conservative estimate of the present stumpage

value of this spruce had it not burned, without taking into

account the value of the large growth increment which
would have accumulated during the 15 years since the fire.

In 1903 84,255 acres were burned over. The amount of
damage varied greatly in different localities, but a con-
servative estimate would place it at something over $200,000.
The spring of 1903 was particularly favorable for forest
fires. The precipitation between April 17 and June 6 in
the White Mountain region averaged about 0.3 of an inch,
4s compared with five inches normal rainfall for this time.
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The winds averaged somewhat above the normal and the
same was true of the percentage of sunshine, all combining
to bring about a season of unprecedented danger. New
Hampshire suffered greatly in destruction of her mountain
soils.  The loss of stumpage, however, considering the area
burned over, was inconsiderable, while the loss to settle-
ments was fortunately very slight. In the latter respect
New Hampshire has been very fortunate, for although vast
property interests have been threatened in her forest fires,
comparatively little burning of buildings or improvements
has taken place.

In injury to standing timber, the loss has been far great-
er. The amount of injury done in any particular case
depends on the character of the stand and the intensity
of the fire. The latter in turn depends on a variety of
circumstances, chief among which are the velocity of the
wind at the time, the gradient and exposure of the area
burned, the character of the ground cover, the moisture
conditions and the start the fire has gotten.

In this connection the effect of the elevation on the wind
velocity is of importance. It is well known that normally
the air movement increases very markedly with increase of
clevation above the earth’s surface. The result of this
increased air movement depends very largely on the total
height, gradient and form of the hill, and to a still larger
extent on the height of the neighboring hills. The data
taken at different points on Mt. Washington by the U. S.
‘Weather Bureau indicates an increase of about nine or ten
per cent. in the wind velocity per 100 feet increase in ele-
vation. This may be regarded as approximately correct
for unsheltered hillsides. But at the comparatively low
elevations at which most fires originate the increase is in
almost all cases very much greater. Fires from railroads,
fishermen and campers originate, as a rule, in valleys,
where at 100 feet elevation on the leeward side the wind
velocity may be easily double or treble that obtaining where
the fire started.
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Exposure and gradient also play a considerable part
in determining the severity of the fire. In general, south
and west slopes and slopes which face the prevailing winds
are more apt to be visited by severe fires than those less
exposed to drying influences. Especially important is the
exposure of a hillside in relation to the direction of the
wind at the time of the fire. The more nearly a slope
faces the direction of the wind, the more favorable the
chances for the development of a severe fire, and the steep-
er the gradient, the more rapid and the more complete
will be the conflagration.

Swrface Fires—In light surface fires the most important
consideration is the character of the ground cover. In
pine forest the inflammable character of the dead needles
which cover the ground makes such surface fires very likely
to occur, especially in April, with its light rainfall and high
winds. On hardwood lands the débris is normally much
less inflammable than under pines. In early spring, how-
ever, when the rainfall is light and the winds are high, the
fact that the trees are without foliage makes the danger
of ground fires here second only to that on pine lands, the
absence of foliage permitting direct drying and heating
by the sun’s rays and giving the wind a much more effective
sweep. These surface fires may spread quite regardless
of the moisture condition of the soil, and are sometimes
to be seen running over the ground in the immediate neigh-
borhood "of banks of yet unmelted snow, so effective are
wind and sun, during the long days of the latter part of
April and May, on the unshaded floor of the hardwood
forest.

These surface fires are, as a rule, more injurious to the
prospect of future crops than to the mature timber of the
stand.  They are, nevertheless, always more or less in-
jurious to the mature timber. The various hardwoods
as well as spruce and balsam are frequently injured by the
death of the bark in spots at the base of the trunk or on a
root. This, in the case of the hardwoods and balsam in-




PLATE XXIX.

TOTAL DESTRUCTION OF SOIL CAUSED BY FIRE FOLLOWING LUMBERING.
SUGAR LOAF MOUNTAIN.
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variably, and with the spruce usually, results in defective
timber, the injury providing a favorable opportunity for
attack by the wood-destroying fungi. The growth of the
stand is checked by the destruction of the mulch of leaves
which is nature’s protection against direct evaporation
of moisture from the surface of the soil and against the
development of moisture-robbing weeds on the forest floor.
The stand suffers also by the deterioration in the fertility
of the soil due to the destruction of the humus.

Should the soil itself be dry, the results are at once more
evident and more serious. This is due to the fact that
forest soils normally contain a sufficient amount of organic
matter to burn more or less deeply in a dry season. This
-soil burning varies in severity according to the depth
of the organic matter, the dryness, etec., but is very destruc-
tive to standing timber even when comparatively slight.
‘Trees having a superficial root system are naturally the
greatest sufferers.

Such fires may, when drought has not been excessive,
or before the ground has become very dry, kill the timber
in spots only, burning superficially or not at all over the
remaining area. Such fires are often not regarded
seriously because of the small proportion of the total area
injured. They sometimes prove, however, almost as dis-
astrous in the end as a more general burning, for the places
where the trees are killed make very favorable points of
attack for both wind and insects.

A severe ground fire will certainly kill all the standing
timber, and may ruin the soil. It will not, however, de-
stroy the timber which it kills. This timber may be saved
if removed during the same season without injury to its
quality or value, aside from any inconvenience arising
from the necessity of its utilization at once. A crown
fire, on the other hand, such as is liable to ocecur in conif-
-erous stands under favorable conditions, almost invariably
injures the market value of the timber, and may consume
the trees altogether.
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Virgin Forest.—On virgin hardwood land fires are not
of frequent occurrence, and when they do occur they are
usually of the light surface type. Virgin spruce lands
in New Hampshire have not suffered greatly from fire.
Occasionally fires from cut-over lands, driven by strong
winds, have caught in the tops of virgin spruce and swept
over considerable areas. Ground fires resulting from care-
lessness of campers and other causes have been known, after
days of slow burning, to develop under favorable conditions.
into fierce conflagrations. Such a fire was that which
destroyed the virgin spruce and balsam stand in King’s.
Ravine, on the north slope of Mt. Adams.

Fires on Lumbered Lands.—Fires on cut-over lands of
all kinds present much the same characteristics. = Once
a fire gets a start on such lands, with wind and weather at
all favorable to its spread, it is usually quite impossible
to combat it with any success. @ Where the cut has been
heavy and the resulting débris correspondingly large, all
the difficulties of fire fighting are proportionately increased.
All kinds of waste material left in the woods supply food
for the flames, but the leaving of large, unlopped softwood:
tops on the ground adds enormously to the fury of a
brush fire, and greatly prolongs the length of time that.a
slash remains a menace to its own and surrounding areas.
These large tops, propped up from the soil by their
branches, are very slow to decay and become very dry. A
large area in the Zealand Valley, which escaped the fire
of 1888, was burned over in 1903, eleven years after the
last lumbering.  This valley had been lumbered for spruce-
sawlogs only, no trees under 10 inches on the stump being
taken. This fire, which ran over about 10,000 acres, shows
that the length of time that cut-over areas must be spe-
cially protected against fire is great, even when a very con-
siderable proportion of the stand is left after lumbering.

Fires on cut-over lands usually kill all standing timber:
left on the area burned, as well as all the young growth.
Until market conditions shall make it possible greatly to
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reduce the amount of waste material which is at present
left on the ground after the average lumber job, the only
safety for such lands is in an efficient fire patrol during
the dangerous season. Unfortunately, the owner of lands
severely cut over usually has not, or thinks he has not, a
sufficient financial interest at stake to provide for this.
This circumstance, and the fact that the state has the great-
est interest in the protection of the land for the production
of crops which shall be harvested by a succeeding genera-
tion, point to the desirability of its providing such patrol,
towards defraying the expense of which taxes on timber-
lands may well be made to contribute.

Fires and Future Crops—The influence of fire on the pro-
duction of future crops of timber has chiefly to do with
the change brought about in the species present and the
effect of burning on the soil capacity. Of all the influen-
ces affecting the distribution of forest trees in New Hamp-
shire within the last century, none has produced anything
like so profound an impression as fire. The magnitude of
this change depends naturally on the character, especially
the severity, of the burn. Even a slight surface fire is
exceedingly destructive to young growth and to the seeds
of trees which may be present in the soil covering.
Naturally some species are more susceptible to injury by a
very light fire than others. This gives the species that is
the most resistant a very decided advantage over the others.
Hardwoods when burned over will generally sprout, and
this gives these species a tremendous advantage on burned
areas.

The influence of fire on the soil is due almost wholly to
the destruction of the humus and other organic matter
in the soil. The importance of the accumulation of or-
ganic matter as a constituent of forest soil can hardly be
overestimated. Where least important, on deep, rich soils,
it still serves as a mulch on the surface to prevent direct
evaporation of moisture. Its presence also greatly in-
creases the moisture-holding capacity of the soil by in-
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creasing both its hygroscopic and its mechanical retaining
powers. It also acts as a fertilizer. The burning of this
humus liberates the nitrogen of the organic matter as free
nitrogen, thereby destroying absolutely the most valuable
plant food constituent contained in the soil. The potash
and phosphoric acid compounds which stand next in im-
portance are mostly converted into soluble salts which are
very rapidly leached away by succeeding rains.

The importance of the humic content of the soil increases
with increasing gradient. In faet it is the only thing
which makes the presence of forest growth on the steeper
mountain slopes a possibility. This is true not only under
the extreme conditions of high altitudes, where the trees
are short and serubby, although here, to be sure, the fact
is more evident. On many slopes bearing the finest spruce,
the presence of any forest growth whatever is due to the
accumulation through the ages of a mass of organic matter
which held the mineral particles of rock as they were grad-
unally disintegrated, preventing their being washed to the
bottom of the slope. The soil that obtains today on such
areas is very largely organic matter, and when fire swept,
if dry, is so nearly completely consumed, especially by
repeated fires, that the remaining mineral particles here-
tofore held firmly for perhaps thousands of years are, to-
gether with the ash resulting from the burning of the or-
ganic matter, washed away until nothing but bare rocks
remain. Many hundreds of acres of such lands are to be
seen in the White Mountain region of New Hampshire. In
some cases the trunks of trees upwards of a foot in diameter
remain standing on the barren rocks from which every
other sign of a former and every hope of a future timber
growth has been burned and washed away.

After a severe fire on these steep slopes, the intricate
network of fine rootlets, which constitutes the major part
of the humus, having been burned, the rain falling on the
bare soil quickly carries away in solution not only all- the
soluble mineral plant food liberated by the fire but also




PLATH XXXI.

FIG. 1. EROSION FOLLOWING FIRE ON STEEI’ SLOPES. ELEVATION,
2,200 FRET. 1

FIG. 2—S8CRUB GROWTI KILLED BY FIRE ON TIIE UPPER SLOPES OF
MT. ADAMS.
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FIG. 1.—NORTH SUGAR LOAF, ONCE HEAVILY TIMIIIRED, NOW PRAC-
TICALLY BARREN.

F'IG. 2.—DBESTRUCTION OF SOIL CAUSED BY FIRE AND EROSION.
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the finest and most valuable particles of the soil itself. The
extent to which this erosion may be carried depends on the
amount of precipitation, the character of the soil, the gra-
dient and the length of time before new growth starts. The
leaching out of soluble plant food and the washing away
of the finer particles of the soil may continue, however, long
after the slope has again become covered by vegetation.
Slopes of this type, owing to the rapidity of the erosion
and the slowness with which they become reseeded to for-
est trees, are usually lost to forest production.

Character of Growth Following Fires—Trees and other
plants have different ways of gaining a foothold on a
burned area. A few species produce seed that are capable
of a greater or less resistance to fire. Some seed find safe-
1ty by being deeply imbedded in the moss, which is rarely
completely consumed over the entire area. The greater
number, however, are brought in from neighboring areas
by the agency of wind or animals. If the soil has not been
deeply burned, most of the hardwoods will sprout from
the root collar. Some, even when the soil is very severely
burned, are capable of sprouting from portions of the roots
which may have escaped death. Among herbs the devel-
opment of shoots from roots and root stocks is by far the
most common mode of reproduction after a fire.

Of the species whose seed are able to survive a consider-
able degree of heat, bird cherry and the common raspberry
are the most noteworthy. The sumach (RLus glabra) also
comes up after fires from seed already in the ground, but
it is of only local distribution. The seeds of the bird
cherry are by far the most resistant, and survive wherever
thie humus is not entirely destroyed.

The bird cherry, therefore, by virtue of its presence on
the ground and readiness to germinate as soon as the fire
is over, together with its vigorous growth the first season
and the fact that its best development takes place in direct
sunlight, is one of the most characteristic features of the
new growth on recently burned areas. Should the burned
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area be in close proximity to land previously burned and
now covered with cherry trees bearing fruit, the number of
seedlings of this species which will spring up on the new
burn will be very great. Birds, after feeding on the
cherries, drop the seed in the forest and when this is cut
or burned over, the seed, unless killed, germinate at once.
As many as 1,200 of these cherry trees have been counted
to a square rod. 'Where the growth is anything like so
dense all other growth is for a time excluded, until some
shade-enduring species gets a foothold under the cherry.

Yellow and paper birch seed occasionally survive a fire
when they are well imbedded in moss, but they are usually
carried in after fire by the wind.

The aspen (Populus tremuloides) and large-tooth aspen,
or popple (P. grandidentata), are characteristic features
of the growth following burns. The former is by far the
more common on the poorer soils and higher elevations,
while the latter is more at home on the deeper, richer
soils of the valleys. The seeds of these trees are wholly
dependent on the wind for distribution. That any
seed present before the fire should survive is highly im-
probable, as a simple drying destroys their vitality, and
their appendages would prevent any deep penetration of
the moss where they might find safety. The willows re-
semble the popples in time of maturity, distribution and
germination of their seed, and are frequently found on
burns. The species which occur are of no commercial and
little silvicultural significance.

‘When the burning of the soil itself has not been sufficient-
ly severe to kill the roots of the trees, reproduction by
sprouts from the root collar of the broad-leaved trees usual-
ly occurs. The resulting stand is at best very inferior.
In many cases it is largely composed of mountain and
striped maple, and pure stands of the former are sometimes
seen, although bird cherry generally forms a large part of
the growth.

The reappearance of conifers on burned areas is entirely
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dependent upon the presence of seed trees sufficiently near
to admit of the blowing in of the seed. It is of interest
to.note that where seed is available the spruce reproduces
best where the soil has been most thoroughly burned; that
is, where the seedlings have the best opportunity to reach
the mineral soil at once. Balsam, on the other hand, pre-
fers to germinate on a mossy spot. The result of this is,
that on land thoroughly burned and afterwards well seeded
by spruce and balsam the former will usually outnumber
the latter fully five-fold in the succeeding growth, while on
a mossy seed-bed the balsam reproduction far outnumbers
the spruce. These conifers, however, seldom appear on a
burn in large numbers, being crowded out by the faster-
growing hardwoods which occupy the ground first. They
come in slowly under the shade of the latter and gradually
become a part of the stand. The spruce and balsam re-
main, as a rule, under the shade of the popple sufficiently
long to permit the latter to develop to a merchantable size
before its ascendency is threatened. @Where the land has
grown up to a broad-leaved coppice, as on hardwood land,
in which the maples, beech or yellow birch are prominent,
the conifers make little headway and a pure hardwood for-
est is the inevitable result.

On pine lands a single fire is less serious than in any
other type of forest. The soil rarely burns deeply enough
to kill the roots of the mature trees and their fire-resisting
bark protects them above ground. The soil is not usually
liable to excessive erosion, because of the slight gradient,
and in most places is quite free from undesirable species.
of undergrowth. The chief effect is the killing of all re-
production and seedling growth. Repeated burnings are,
however, common on the sandy plains and where this occurs
no reproduction can take place and sand barrens with a
few scattered, scrubby pines are the result. On the pitch
pine areas near Silver Lake, repeated fires have occurred,
and there is now a dense ground cover of worthless barren
oak (Quercus pumile) which prevents all other repro-
duction.
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On much of'the burned area in northern New Hampshire
fires have occurred more than once. The tendency of a
repeated burn is to increase the number of hardwoods
present. Bird cherry and the popple, when burned, sprout
freely from the roots, or even from parts of a root that
is burned through in places. The number of sprouts
usually exceeds the number of trees in the stand before the
fire.  Neither of the above species gains any advantage
over the other by repeated burnings when two or more years
elapse between the fires. When, however, fires follow each
other in successive years the popple is almost totally de-
stroyed, while the cherry sprouts as vigorously as ever. The
practical extermination of the popple on several different
areas in the mountains is traceable to this cause. Almost
the entire growth of popple and bird cherry after second
and subsequent fires is by sprouts. Any popple seed
which may have blown in are at too great a disadvantage
in competition with the coppice and weed growth. The
same would be true of cherry seedlings, but as those first
established have not as a rule reached fruiting age between
the fires, and as birds would not frequent the area, it is
improbable that any seed of the cherry are available.

Seedlings of paper and yellow birch rarely come in after
a second fire. If the second burning is light, the birch
will reproduce vigorously by shoots from the root collar; if
severe, the area is usually practically destitute of birch
reproduction.

Light subsequent fires on sprout land do not materially
change the composition of the stand. The growth of the
intervening years is, of course, lost, the trees being killed
to the ground. In the subsequent sprouting the number
of sprouts will probably be increased, but with a corre-
sponding decrease in their prospective value. The latter,
however, is not serious, for little else than firewood can
be expected. But it must be remembered that with each
repeated burning the softwood species are killed and the
chance of their appearing in the new growth is materially
lessened.




PLATE XXXIII.

FIG. 1..—LAND LOGGED AND BURNED TEN YEARS AGO. NOW COVERED
WITII ASPEN, WIIITE BIRCII, AND BIRD CHERRY.

FIG. 2.—SEVERE BURN ON CUT-OVER LAND. COMING UP TO BIRD CHERRY.



PLATE XXXIV.

FIG. 1.—LOGGING CAMP OF J. E. IIENRY & SONS, LINCOLN.

FIG. 2.—WOOD BURNING LOGGING ENGINE WITH AN EXCHLLENT SPARK
ARRESTER.
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The development of herbaceous growth, which is uniform-
ly an accompaniment of repeated fires, is one of their most
serious features. The soil, after it has once been thor-
oughly depleted of its organic matter, is never burned suf-
ficiently deeply by subsequent fires to destroy the roots
and root-stocks of the perennial herbs and grasses which
have found their way in. The result is that with each
succeeding fire the possibility of reproduction by seed of
any valuable forest tree becomes more and more hopeless,
and the land is with each burning given over more com-
pletely to inferior sprout and weed growth. The chief
perennials, which are found on such lands, are raspberry,
fireweed, blueberry, sorrel, pigeonberry, blackberry, gold-
enrod and brake fern.

Causes of Fires.—The principal causes of forest fires, in
the order of their importance, are railroads, carelessness
in clearing land, fishermen and campers and maliciousness.

Railroads undoubtedly set very many more fires than are
due to any other single source. That the aggregate amount
of damage done is very great cannot be better illustrated
than, by the fact that a division superintendent of a rail-
road operating in the White Mountain region had in his
office on September 12, 1903, 554 separate reports of fires
causing a greater or less amount of damage to neighboring
property during the season of 1903. These fires originate
either from sparks from the smoke stack or from hot coals
dropped from the ash pan. That this latter method is a
very effective way of setting a fire was well shown at Car-
roll in July. The Maine Central express, in rounding the
curve at this point, dropped a quantity of glowing coals,
some of which were thrown as much as eight feet beyond
the rail by the centrifugal force exerted as the engine
rounded the curve, and instantly started a number of fires
in the grass and litter for a distance along the line of more
than forty yards.

Fires from coals from the ash pan are invariably near
the track, and are usually at once conspicuous. Those
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originating from sparks from the smoke stack may occur
at a considerable distance from the track and may smoulder
for a long time before being discovered. On this account
they are more dangerous. They are also probably more
frequent. There seems to be no entirely satisfactory spark
arrester on the market, but that the danger ecan be very
greatly lessened by the use of the best one available is cer-
tain. There can be no excuse for the dropping of coals
from the ash pan when the train is running at high speed.
This is simply a matter of carelessness.

The substitution of oil for coal as a fuel for locomotives,
or the use of electric motive power, would mean absolute
safety. The success of the former on an Adirondack rail-
way and the very marked reduction in operating expenses
by the latter substitution on the lines of the Interborough
Rapid Transit Company of New York commend them to the
consideration alike of the railroad companies operating in
the forest lands and to the state legislators.

Among the numerous causes of forest fires the getting
beyond control of fires set for the purpose of clearing land
occupies a prominent place. There are many persons
among the farming community who do not appreciate the
danger of burning brush in the neighborhood of woodlands
during a dry time. Unfortunately the danger from this
source is not due entirely to ignorance or simply to thought-
lessness. There are many persons who will not consult
the safety of their neighbor’s property in this matter, even
if the danger has been clearly pointed out. The evil clear-
ly calls for both educational and restrictive measures.

Fires caused by fishermen and others who build ecamp
fires in the woods are not infrequent, and many of the most
disastrous fires have been attributed to this cause. It is
a common practice for fishermen to build fires for warming
coffee, ete., or to keep away flies and mosquitoes. Many
who indulge in this practice have little or no knowledge
of the precautions to be observed in kindling and ex-
tinguishing fires in woodlands. This is more serious in the
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case of fishermen than in that of most other campers be-
cause of the fact that the best fishing season happens to be
at the time of year that the danger of forest fires is most
imminent. The places where these fires are kindled are
usually far away in the woods and are not infrequently in
obscure places along small streams where it is very improb-
able that they will be seen, and then probably only after
they have got beyond control. It is not surprising, there-
fore, that timberland owners dread the camp fires of the
fishermen perhaps more than any other cause of fire, since
it is one of the causes over which they have no control and
for the damage from which there is no recourse in case of
loss.

Among the minor causes of fire, carelessness of smokers
in dropping burning matches and cigar stubs probably
takes first place. The setting of fires to improve the berry
<¢rops is also of not infrequent occurrence. Fires are also
occasionally set for revenge or out of pure maliciousness.

Dangerous Seasons for Fires—In New Hampshire there
are two seasons when the danger of forest fires is much
greater than at other times. The first and most dangerous
fire season is due to begin soon after the snow melts in the
spring and continues till the leaves come out. The second
begins about the middle of September and continues till
the last of October. These dangerous seasons are due to
a combination of meteorological and physiological condi-
tions. The meteorological conditions in the order of their
importance are rainfall, air movement, humidity, sun and
temperature. The physiological conditions are the open-
ing and the fall of the leaves and the springing up and
maturing of the herbaceous vegetation.

The physiological factors vary but slightly from year to
year, and then only in regard to the time of their occur-
rence. Thus, while there are two especially dangerous
seasons, a period of danger may develop outside the limits
of these should a very abnormal deficiency in rainfall occur;
and while the two danger seasons normally begin and end
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at the time mentioned, either may begin or end earlier or
later according to the weather and season. In some years
{here may be no danger season at all.

The humidity of the atmosphere has a very important
bearing on the fire seasons. The lower the humidity, the
greater the absorption of moisture from the forest floor by
the atmosphere. April has an extremely low relative hu-
midity, and May and even June are both below the average.
The rainfall in the spring months is also below the average.
April has an average precipitation of less than 2.1 inches,
as compared with nearly four inches in the month of Au-
gust. May has a fair rainfall, but also below the average,
while the wind movement for these months greatly exceeds
that in the summer. The absence of green herbaceous
growth on the ground, and of leaves on the broad-leaf trees,
allow the full sweep of the wind and the heating and dry-
ing of the leaf litter by the direct rays of the sun. With
the increased rainfall in June and the development of the
leaves, the danger season passes away and during the sum-
mer months fires are the exception rather than the rule.

The fall fire season, although rarely as dangerous as that
of the spring, frequently witnesses very disastrous fires.
The rainfall of about four inches in August decreases to a
little over three inches in September, and to still less in
October, which ranks as one of the driest months of the
year. The air movement meanwhile increases from a min-
imum of 140 miles per day in August to 175 miles per day
in October. The leaves also are rapidly falling and the
herbaceous vegetation is for the most part mature. The
conditions, therefore, closely resemble those in the spring,
although not quite so extreme.

Prevention of Fires.—The prevention rather than the ex-
tinguishing of fire must be the object of any successful
attempt at fire protection, and on the success which it meets
depends the possibility of forestry, and with it the possibil-
ity of continued lumbering,

Fire protection is essentially a function of the state. The
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utilization of the township as a working unit for fire pro-
tection has been tried in many states, with little or no suc-
cess. New Hampshire, not being a land-owning state, the
direct loss in stumpage values by fire falls wholly on indi-~
viduals and lumber companies. It is nevertheless true.
that such loss is essentially a state loss. The destructiom
of the soil by fires that follow lumbering may not greatly
concern the individual who owns the land but who does.
not hope to live to reap a second crop. To the state, how~
ever, it is of first importance that the natural resources
represented by the soil capacity should not be deteriorated
or destroyed.

This consideration points to a duty on the part of the
state to organize and direct the work of fire prevention and
fire fighting. The first duty of the state in this direction
is to educate the public sentiment concerning the serious-
ness of the fire question and to inform the public in regard
to fire laws, but it shall also maintain a force for the preven-
tion and fighting of forest fires. It is worth consideration
also whether the state may not fairly require reasonable
precautions to be taken by forest owners to prevent the
existence of conditions which constitute a menace to sur-
rounding property. This protection could very properly
be furnished by an increased tax on cut-over land where all
the timber has been removed, as here danger from fire is
most severe. The taxes on the land might be very properly
remitted altogether when the owner provides for fire pro-
tection to the satisfaction of the chief fire warden. So
ihoroughly alive are the lumbermen of New Hampshire to
the necessity and value of efficient fire protection that ne
serious objection to a tax of this kind is anticipated.
Should such develop, however, it is evident that if the lum-
bering of forest areas is not yielding a sufficient profit to
the operators to enable them to pay without hardship half
ihe cost of protecting themselves and the community from
the danger created by their operations, it is not good policy
that the lands should be lumbered, and the tax would then

7
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serve the valuable function of conserving the forests until
the stumpage value advanced sufficiently to pay for the
risk ineurred by the lumbering. The exact amount of this
tax can be easily adjusted to suit the requirements of the
service.

Considerable areas of forest lands in New Hampshire
are held by hotel companies which are especially interested
in the prevention of fire in their neighborhood. It is very
yossible for such companies to provide for a system of trails
covering the tract, which could at any time be utilized as
a means of communication and transportation between
headquarters and a point of danger. In an emergency
they could be used as fire lines, and at other times they
would provide pleasant walks for the guests. Should a
railroad pass through the tract, a trail should parallel it
on either side at a distance of about 50 to 75 feet from the
track, and all brush and other débris between the trail and
¢he railroad should be piled and burned at a safe time.
‘Where feasible, trails should follow the crests of any low
ridges, which are particularly favorable places at which to
make a stand in fighting fire. A number of the trails
should be sufficiently open to admit of transportation of
‘tools and provisions by pack horses, and all should be care-
Tully mapped. In the building of such trails, old logging
roads should be utilized so far as possible. They can be
very cheaply transformed into excellent paths and make
very effective fire lines.

The extensive use of the steam railroad in logging oper-
ations in New Hampshire calls for some special attention
in connection with this subject. A number of the lumber
companies using this means of transportation are exceed-
ingly careful in their management, and have been very
successful in the prevention of fires. The chief points to
be observed are as follows: A strip about 30 feet wide on
each side of the track should be cut clean and all brush
carefully burned. The grass and weeds should be cut on
this strip at least twice during the season and removed or
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burned. A strip of forest land about 300 feet wide should
be left untouched on each side of the track between the
cleared strip and the area where logging is carried on.
The timber on these strips can be taken quite as satisfactor-
ily at the end as at the beginning of the job, and they pro-
vide at no cost whatever a very effective fire line.

‘Water barrels should be placed at frequent intervals.
‘These may be filled from the engine tank. They provide
2 supply of water for the patrol, who should follow up the
train during a dry time.

The patrolling of the line during the danger season is of
the utmost importance. A four-wheeled railway bicycle
is very convenient for the purpose. @ The patrol should
follow up every train during the dry season, extinguishing
any incipient fire with a pail of water which is carried on
the hand car and which can be replenished from time to
time from the barrels along the track.

A long hose which can be attached to the engine tank
should be available. It is very useful in wetting out a
fire near the road, that is under control but smouldering
in a duffy soil.

The use of the most approved spark arresters and devices
to prevent the dropping of coals from the ash pan are, of
course, of primary importance. The use of coal in pref-
erence to wood for fuel is good fire insurance, even when
the extra cost is considerable. If the season is especially
dry it may be necessary to run the engine at night only,
or to discontinue using it altogether until rain falls,

Methods of Fighting Fires.—Promptness of action on the
-discovery of a woods fire is quite as essential to success as
in fighting any other kind of fire. Should a fire be spread-
ing, the most essential thing is to stop it. This may often
Dhe done by vigorously beating it out with spruce or balsam
boughs. If water is at hand, that is, of course, the next
resort. A hoe, spade or shovel may be used to excellent
advantage in throwing mineral soil from in front on the
burning margin. This checks the flames and at the same
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time makes more or less of a fire line. Having stopped
the spread of the fire, a fire line must next be made around
the area by the removal of any inflammable material from
a narrow strip, after which attention may be given to the
extinguishing of the fire on the area itself. If water be
at hand it will greatly simplify the matter; if not, the only
recourse is to bury the burning matter with mineral soil.

Aside from fires on cut-over lands, where large quanti-
ties of brush make it possible for a fire, once well started,
to run at any hour of the day or night, forest fires do not
usually begin to run until about ten o’clock in the morning
and die down again towards evening. The dead leaves,
twigs, humus, etc., are all very hydroscopic and absorb
moisture from the atmosphere very rapidly as their tem-
perature falls toward evening. This, together with the
decrease of the wind, soon brings the ordinary forest fire
under control, and there is little danger of a fresh outbreak
until the following day.

‘When a forest fire with a good start is running before a
strong wind, it is usually impossible to do any very effec-
tive work in front of it, and attention should be given to
fire lines along the sides to prevent its spread laterally, as
the wind may change at any time and drive the fire in
another direction. This is especially imperative if valuable
property should be threatened by such a change of wind.
As soon as the fire can be checked in the evening, every
effort must be made to complete the fire line around the
area before ten o’clock the next morning.

The character of the fire line to be made around a burn-
ing area depends on the character of the fire, If it is a
light surface fire running over a moist soil, it is sufficient
simply to remove all inflammable material from the surface
of the ground in a strip three to six feet wide. If, how-
ever, the soil itself is dry, as is often the case, a trench must
also be dug through the organic soil or duff. The soil
removed should be thrown on the side of the trench towards
the fire.




I'LATE XXXV.

I'IG. 1.—SKIDWAY AT T. E. TENRY & SONS, CAMP NO. 12,

FIG. 2—LOGGING TRAIN, LINCOLN.
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After the fire is under control the fire lines should bn
patrolled night and day until absolute safety is assured,
or until rain falls. This is of the first importance in order
to make sure that no fire gets across the fire line. A fire
may smoulder away for days and even weeks after it is
pronounced out, only to break out with as great fury as
ever on some especially favorable day. Even a fairly heavy
rain may not entirely extinguish a duff fire.

Care should be taken to fell burning stubs, after fire
1s under control. These can best be seen at night and are
particularly dangerous because of the distances to which
they may throw their sparks.

The number of men required to handle a fire is the num-
ber needed to prepare an efficient fire line around the area,
and this will necessarily vary in nearly every case. In
the organization of the force it is rarely possible for one
boss to handle more than ten men satisfactorily, and on
night work the number should be reduced to five. The
axe, hoe and shovel are the tools which must be relied upon
for fire fighting under most circumstances. Occasionally
it is possible to use a plow in making a fire line, and it
should be used whenever practicable because of the great
saving in time and labor. Pails should always be avail-
able and may, when near a water supply, be used to great
advantage.

As a means of combating a running fire, back firing is
rarely practicable, and when the wind is very high it may
be entirely out of the question. However, if a road, good
trail or brook be available as a fire line, with plenty of men
to prevent the back fire itself from getting across the line,
it may be possible to do something. TUsually its use is
limited to checking the spreading of a fire laterally from the
direction of the wind and in the protection of valuable prop-
erty at the sides of the fire. In any case the first essential
is a good fire line and the next a sufficient force of men to
keep the fire on the right side of the line. Indisecriminate
attempts at back firing can only increase the destruction.
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The prompt payment of the men employed in fire fighting
and patrol is of prime importance. The lack of it always
has been and still is one of the most serious drawbacks to
efficient fire protection in several of the states which have,
otherwise, well organized systems. The time required to
close the accounts varies in different states from several
months to more than a year. Such delays in payments
make it difficult to get together a force of men to fight fires
even if the pay is high.

FOREST INDUSTRIES.
LuMBERING IN NEW HAMPSHIRE.

From the first settlement of the region lumbering has been
a leading industry. There was always a demand for build-
ing material and ship timber from the towns along the
coast. The first settlements were in the broad valleys of
the main rivers, the Connecticut, the Saco and the Andros-
coggin. The forest was looked on as more or less of an
obstruction to agriculture, but the immense veteran white
pines were always recognized as valuable. Extracts from
the history of the early settlements are of interest. That
of the settlement of Shelburne, on the Androscoggin, in
1800, records: ‘‘For some years clearing land and raising
food was the principal industry. The largest and
straightest trees were reserved for the frames of the new
houses; shingles were rived from the clearest pine; baskets,
chair bottoms, cattle bows, etc., were made from brown ash
butts; all the rest of the timber cleared was piled and burned
on the spot. Logging was always a standard industry and
the timber holds out like a widow’s meal and oil.  All the
pines went first; nothing else was fit for building purposes
in those days; tables were made two and one half feet wide
from single boards without knot or blemish.’’

In a memoir of Luey Crawford on the early settlement
of Conway, in the latter part of the eighteenth century,
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we read: ‘‘They soon began the lumbering business by float-
ing logs and masts down the Saco to its mouth, where they
received bread stuff and other necessaries of life in ex-
change.”’

By 1852 the lumber industry had become well estab-
lished. A gazette of that year records: ‘‘In the town of
Berlin there are three large sawmills, two furnishing em-
ployment to 50 to 60 men and a third for about 40. There
are several others employing 5 to 10.”” And further on
it says: ‘“In the town of Errol several big streams unite
with the Androscoggin, and upon this stream have been
expended quite recently more than $100,000 in erecting
dams, ete., for the purpose of holding back the water so as
to enable the companies engaged in the enterprise to drive
logs from the upper lakes to market through the whole
season.’’

These extracts give an indication of the growth of the
lumber industry. The present lumbering in the region
can best be described under three heads: (1) in the south-
ern townships, where the cutting is all of so-called second
growth; (2) in the White Mountain region proper, where
there are still considerable areas of uncut land; (3) in the
north country, where there are vast stretches of lightly
culled and virgin forest.

Lumbering in the Southern Townships.—The lumbering
here has adapted itself to the change in forest conditions.
There are no extensive tracts of unculled timber which
would keep a large mill running. Numerous small mills
scattered over the country cut the second growth as it be-
comes merchantable. The manufactured product is very
varied ; everything is made, from rough boards to excelsior,
from flooring to handles and bobbins. Every kind of tim-
ber is utilized, the largest percentage being of second-
growth white pine and spruce for boards and dimension
stuff. The hardwoods are used for flooring, cordwood,
bobbins, shoe pegs, ete.

There are many small water-power mills which do custom
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sawing for farmers in the vicinity. There are also por-
table mills which are moved into the tracts of second growth
and cut it into boards on the spot. There are also many
small stationary steam mills, which get sufficient stumpage
from the surrounding woodlots for a continuous supply.
The lumbering in this region is on a small scale, but also
on a permanent intensive basis.

‘Where the company owns its own timberland, the cutting
is usually conservative and careful; but when buying
stumpage, they usually cut as clean as is profitable and
pay no attention to injury of young growth. The character
of the cutting also greatly depends upon whether the mill
is portable or stationary. The portable mills are trans-
ported right into the midst of a 50- or 100-acre woodlot, so
there is only the cost of cutting and yarding and no long
haul. Henece it is profitable to ecut everything which can
be converted into a board and the cutting is accordingly
clean.

Stationary water-power mills, which do mostly custom
sawing for farmers, are most conducive to conservative lum-
bering. The cost and running expenses of the mill are
slight, and it can accordingly be run at irregular intervals
when there are logs to be cut. Stationary steam mills are
more expensive, and have to do more sawing to realize a
proper interest on the capital invested. @ The policy of
‘these mills, however, is generally to cut conservatively, on
their own land at least, so as to obtain the most possible
timber in the long run and a continuous supply.

Lumbering in the Mountains.—Logging in the mountains
is all by large companies and on a large scale. The tim-
berlands are owned almost entirely by seven large com-
panies. The Berlin Mills Company, the International
Paper Company and J. E. Henry & Sons are the largest
concerns operating in this region. These large concerns
ent upwards of 75 million board feet a year, mostly of vir-
gin timberland. About two thirds of this goes into lumber
and the other third into pulp. The policy of all the com-



PLATE XXXVII

FIG. 1.—STABLE AT CAMP NO. 10, LINCOLN.

FIG. 2.—LOADING CARS AT LOG LANDING.



PLATE XXXVIII.

FIG. 1.—LAND CUT OVER TWENTY YEARS AGO TO A DIAMBTER TLIMIT
OF FOURTEEN INCHES. NOW READY FOR ANOTHER CUT.

FI1G. 2—SPRUCE FLAT, CUT OVER TO A DIAMETER LIMIT OF FOURTEEN
INCHES TWENTY YBEARS AGO AND AGAIN IN 1903, BEXCELLENT
YOUNG GROWTH LBEFT.
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panies is to hold the land after cutting. Most of the large
concerns desire to cut conservatively if possible, or at least
to save the young growth for a future crop. This policy is,
however, seldom carried out in the mountains.

Clean cutting is practised on all the steeper slopes and
little is left after lumbering. One reason for this is that
windfall is very severe and any trees left standing are al-
most certain to be windthrown. On the lands of one com-
pany in particular no thought is given to a second crop;
everything on the steep slopes is cut. The logs are rolled
down the slope to the road below, over the non-merchantable
stuff and the hardwoods, which are felled down the slope
and form a good rolling bed. The result is a veritable fire
trap that lasts for years. On the more moderate slopes
the softwoods are got out without cutting the hardwoods.
The policy of this company is to cut all their timber and
then move into the west, where it already owns large tracts
of forest.

The most conservative cutting in the White Mountains
has been done by D. and C. G. Saunders in Livermore, who
cut simply to supply their own mill. This has an output
of only four million board feet per year. The Messrs.
Saunders cut to a rough diameter limit of 10 inches on the
stump and has been over the same ground twice, having cut
the first time to a limit of 14 inches. It must be remem-
bered, however, that no pulpwood is eut on this land.

The general policy of the International Paper Company
is to cut fairly conservatively, so that the same area may
be again cut within 30 to 60 years, but in the absence of
careful inspection the policy is not well carried out. Most
of the logging is let out to jobbers who bring the logs to
the bank of the stream where they are to be driven, or to
the railroad. There are stipulations in the contracts be-
tween the jobbers and the company in regard to the cutting,
but without more stringent inspection they are not fully
effective.

Lumbering in the North.—In the northern part of the
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state nearly all the lumbering is carried on by the Connect-
icut Valley Lumber Company, the Berlin Mills Company
and the International Paper Company. Upwards of 100
million board feet of logs are taken out yearly by these
companies, almost exclusively spruce, mixed with about 10
per cent. balsam. The lumbering here is characterized by
long hauls and long drives, the mills being locafed at a
considerable distance from the source of supply. There
are no large mills in the region.

The Berlin Mills Company cuts the most conservatively
of any in this region, and is the only one which employs
an expert forester.. Iis duties are to inspect the various
cuttings to determine the amount of unnecessary waste, to
look out for diseased and infected timber which should be
cut immediately in order not to be a total loss, and to make
topographic maps of the company’s lands, useful in log-
ging operations.

The Connecticut Valley Lumber Company cuts chiefly
for sawlogs and in consequence considerable young stuff
is left on their lands after lumbering.

In general, lumbering in the north can be put on a more
conservative basis than in the higher mountains where the
slopes are steeper and windfall more severe. But even
there much can and should be done to prevent needless
waste in logging and exposure of the cut-over lands to fire.
No policy of conservative cutting, however, will be satis-
factory unless it is wisely conceived and properly carried
out.

THE WOOD INDUSTRIES.

The wood-consuming industries in the region considered
by this report manufacture paper and wood pulp, lumber,
bobbins, shoe pegs, erutches, excelsior, spools, rakes, handles,
chairs, racket frames, picket sticks, wood shanks, veneer
and ladder rounds.
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The paper and wood pulp, lumber, bobbin, shoe peg and
crutch industries each comprise three or four establish-
ments. The remaining industries each comprise one or
two establishments. They are below described collectively
under the head of miscellaneous industries.

The amount of wood consumed by the wood industries,
and also the amount of wood cut in the region for the year
ending June 30, 1903, are shown in the two following
tables:

TABLE XXIII.—TIMBER CUT IN NORTHERN NEW HAMP-
SHIRE, JULY 1, 1902, TO JUNE 30, 1903.

Industry. Total. Spruce. Pine. l Hemlock. Hardwoods.
1000 1000 1000 1000 1000
board feet.|board feet.board feet.\board feet. board feet.
Paper and pulp...... 106,562 13911 ) odognoagnod Moooooanaaod Fiooooagpaaoaa o
Lumber....cocesens 155.570 120,185 17,218 | 6,879 11,488
Bobbin . 6,709
. 8,081
te - 160
! .l -] 2,600
Totaleerereennnns 278,662 226,747 | 17,218 8,679 i 23,928
Per cent......... 100.0 82.5 ‘ 6.3 [ 24 | [}

TABLE XXIV.—WOOD CONSUMED BY MILLS IN NORTHERN
NEW HAMPSHIRE, JULY 1, 1902, TO JUNE 30, 1903.

Number
Industry. est:gllsh- Total. | Bpruce.| Pine. ?&T{' vﬁ)‘gg;
ments.
1000 1000
board board
Seet. feet.
Paper and pulp.... (] 167,070 167,070
Lumber 656 181,685 98,186
Bobbin 9 8,709 Jevseecocoelranioss aaforee
8hoe peg. 3 2,78l |ieeeee aus
rutch.............. 4 160 |ecececcens
Miscellaneous 9 2,600 |eee coeens
Total 810,796 265,266
Per cent 100.0 H5.4

A comparison of these two tables shows that the total
amount of wood consumed by the mills in this region ex-
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ceeds the total cut by over 37 million board feet. More-
over, a large part, over 24 million board feet, of the wood
cut goes to outside mills; therefore, the actual excess of
wood consumed over the amount received from this region
is over 61 million board feet, and constitutes nearly 20 per
cent. of the wood consumed in northern New Hampshire.
This is explained by the fact that most of the pulp com-
panies are preserving their own supply of timber, pre.
ferring to draw upon an outside source, chiefly Canada,
and that the demand for wood, especially spruce, is greatly
in excess of the supply.

The chief commercial species is spruce, which represents
82.5 per cent. of the total cut of all species. Mixed with
spruce is balsam to the amount of about 10 per cent. Chief
among other conifers are white pine and hemlock. The
principal hardwoods are paper and yellow birch and sugar
maple. Practically all species find a market in some form
of product, as is shown in the following table:



PLATE XXXIX.

FFIG. 1.—LARGE LANDING ON LOGGING RAILROAD.

FIG. 2—GRADED LOGGING ROAD, LINUCOLN.



PLATE XL.

FIG. 1.—SPRUCE LOGS ON SKIDWAY. LIVERMORE.

I'IG. 2.—MILL AT LIVERMORE.
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TABLE XXV.—USES OF THE COMMERCIAIL SPECIES.

Spruce.

Pulp

Lumber
Dimension
Plank
Boards
Flooring
Celling
Clapboards
Shingles
Lath
Box sbooks
Piano boards
Pump tubing

Hemlock.

Lumber
Dimension
an.
Boards
Flooring
CeilinF
Sbing es

Box shooks
Pulp

Sugar Maple.

Lumber
Dimension
Flooring

Bobbin stock
Bobbins
Speeders
Quills

Crutches

Staves

Dowels

Chair stock

Piano backs

Handles

Veneer

White Ash.

Handles
Picket sticks
Racket frames
Rakes

Staves

Ladder rounds

Red Pine.

Lumber itogether with
white plne)

Balsam.

Pulp

Lumber
Plank
Boards
Flooring
CemnF
Shing es

Box shooks
Excelsior

Paper Birch.

Lumber
Flooring
Dimension

Bobbin stock
Bobbins
Speeders
Quilis

Shoe pegs

Spools

Crutches

Shoe shanks

Staves

Veneer

Rake teeth

Dowels

Chalir stock

Beech.

Rough lumber

Bobbin stock
Bobbins
Speeders
Quills

Chair backs

Staves

Piano backs

Dowels

{Basswood.

Excelsior
Boxes

Tamarack.

Rough lumber
Red Oak

Chair stock
Ladder rounds

White Pine.

Lumber
Dimension
Plank
Boards
Flooring
Ceilin{;
Shing es

ox shooks
Olapboards

Yellow Birch

Lumber
Floorin
Dimension

Bobbin stock
Bobbins
Speeders
Qulills

Spools

Crutches

Shoe shanks

Staves

Veneer

Dowels

Chalir stock

Piano backs

Popple or Aspen.
Excelsior
Pulp

Boxes
Veneer

Silver Birch.
Bobbin stock
Shoe pegs
Spools

Cedar,
Shingles
Red Maple.

Veneer
Chair stock

Gray Birch.
Bobbins

¢‘Silver’’ birch in the above table is merely a local name
for second-growth yellow birch.
imum amount of heartwood, which makes it especially de-

sirable for peg wood.

birch.

Its chief value is its min-

Paper birch is known also as white
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Stumpage and log values of the commercial species are
shown in Table XXVI, which was compiled from the
various mills in the several industries. = The values were
arranged according to the amount of timber of each species
consumed by each mill. The values per cord represent the
averages of actual prices paid per cord, and were not de-
duced from the values per 1,000 board feet.

TABLE XXVIL—AVERAGE VALUE OF THE COMMERCIAL

SPECIES.
On stump. Delivered at mili,
Per 1,000 Per 1,000
board feet.| Per €ord- |y.rqfeet.| Fer cord.

[3] o] ot (1 O L3 & S O $10.18 $6.43
White pine........ ......... LR i boaooaooooogal] 882 [|vissisnicisese
HemloCK. ccccvoeveisaoiaacses 2,00 | s ek N28 lliaissatiyiaoy
Paper birch... 2.97 $1.77 10.05 7.46
Yellow birch.. 2.96 1.68 9.97 6.76
Sugar maple.. 2.99 | 1.39 10.06 6.07
Beech....ooeves 2.90 110 8.00 5.95
Popple ...... | 1.80, jles.eos ieaalt 5.18
White ash..vveveieeenninanan 1000 R et 2157  [eersiavarasens
(8]:1s ¥ *oo0000500 00D STTEbOCED) 800 |eeceicoseee oof 8 00 |isiisitiisvacs
Red oak.... &%) booonoooooosd 12.67 | cesenenicnnes
BassWoOd.coeeeeeeioeiiocnns] sae socnesnes]erscsnscnsicciferscocorisenns 4.50
Tamarack... oes b aoaooogonaaod |booooo ooocb ool 000 [essssrnsssanen
ROANIMADIOC: e roscellesucrel|-atecsearsssallseecesseesssel 8.00 | [SeiditRElRES

A glance at the figures given for paper and yellow birch
and sugar maple in the above table shows a seeming dis-
crepancy in the values per 1,000 board feet and per cord,
in that the values per 1,000 board feet for the three species
are practically the same, whereas their values per cord differ
considerably. The explanation of this is that the lumber
industry regards the three species indiscriminately; hence
their almost equal values per 1,000 board feet. On the
other hand, of those industries which buy by the cord, the
peg-wood industry has a decided preference for paper
birech and “‘silver’’ birch, must have selected stock and so
pays for it accordingly. As a matter of fact, the com-
parative values of these three hardwoods is better shown
by the price per cord delivered at the mill.
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The data from which the values for beech, popple, ash,
cedar, oak, basswood, tamarack and red maple were com-
puted were decidedly meagre, owing to the small amounts
of these species used within this region. However, it is
believed that their comparative values are fairly well shown
by the figures here given.

In 1900 the relative positions of the lumber and paper
industries among the various industries in New Hampshire
were respectively third and fifth. Cotton and print cloth
and boots and shoes were respectively first and second, and
woolen goods fourth.

TrE PAPER AND Wo00D PULP INDUSTRY.

Until about 1870 practically all paper was made from
rags. Since then, in the making of many grades of paper,
especially newspaper, wood fibers have been almost com-
pletely substituted. The wood fibers are transformed
into pulp by two processes—mechanical and chemical. By
the mechanical process, blocks of wood are held against a
revolving stone by means of hydraulic pressure and the
fibers ground into a pulp. The product'is known as ground
wood pulp. There are two chief chemical processes—the
caustic soda and the bisulphite processes. The latter only
concerns this report.

By the ‘‘bisulphite’’ process, the wood is cooked in a
solution of sulphurous acid and water under conditions of
high temperature and pressure. The product is known as
sulphite pulp. The grinding process produces a short
fiber, whereas the ‘‘sulphite’’ process produces a relatively
long fiber which is practically intact and gives to news-
paper the essential quality of strength. The latter pro-
-cess also produces fiber of a better quality, because free
from resinous matter found in pulp prepared by grinding.
Ground wood and sulphite fiber, the latter forming from
15 to 25 per cent. of the mixture, produce most of the news-
Ppaper made in the United States.

The growth of the paper and wood pulp industry in New
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Hampshire during the decade between the census years
1890 and 1900 eclipses that of any other state in the Union.
During this period the value of its product has multiplied
nearly six times and the amount of capital invested near-
ly seven times.

TABLE XXVIL—THE PAPER AND WOOD PULP INDUSTRY
OF NEW HAMPSHIRE.

[From Twelfth Census.]

| Number of Average
Year. | establish- | number of ‘;I‘notgé | chitgnll Vahée otf
ments, |wage earners. B Dath procuct
|
=1 o I |
1890. | 16 520 | $220,122 $1,221.491 $1,282,022
1900. 29 2,391 1,036,856 8,163,081 7,244,733

The nearest approach to this increase of any of the lead-
ing pulp-producing states is shown in the census figures for
Maine, where in the corresponding decade the capital in-
vested and the value of the product have each multiplied
more than four times. In 1890 the relative position of
New Hampshire among other states in the value of its pro-
duct and invested capital was respectively thirteenth and
fourteenth; in 1900, its position with respect to both pro-
duct and capital was sixth. The term ‘‘establishment’”’ is.
used as representing a mill or mills owned by one individual,
firm or corporation, when located in the same town.

The advance of New Hampshire to one of the leading
states in this industry is attributable to the greatly in-
creased use of wood pulp in the manufacture of paper, to
its large supply of spruce—the preferred wood for pulp—
and to its nearness to supply from Canada and Maine. Im
1900 the total cost of all materials used in New Hampshire
in the manufacture of paper was nearly $4,000,000; of
this, less than $300,000 represents the total outlay for rags,
waste paper and manila stock, while over $2,000,000 was.
paid for wood and wood pulp. Rags and similar materials
play a very small part in the manufacture of paper in the
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state and in the region considered by this report absolutely
no part whatever,

The following table shows the quantity and cost of the
various materials used in the paper industry in New Hamp-
shire in 1900

TABLE XXVIIL.—MATERIALS USED BY THE PAPER AND
PULP MILLS OF NEW HAMPSHIRE IN 1900.

[From Twelfth Census.]

Materials. Cords. | Tomns. Cost.
‘Wood:
Domestic spruce—
For ground wood....cevevieieerinrecanaecins ous 41,085 |.svsnssnna $242,066
For sulphite fiber..... .... ... 63000000, Thaoakl 68,008 |+avsansnss 418,141
Canadinn spruce—
FOor ground WnOQA..cceeeceesesescsssscscsssccsons 4,08 24,766
For sulphite iber.....ccceeevevaneens Sof 83,060 |... 474,678
Other pulp wood, for ground wood 720 |. ,480
AR booooiuadEE Ao b G 196,900 |- +veeerens $1,157,960
Rags, including cotton and laxwasteand sweep-
NESeceeeenes 2,700 61,678

014 or waste p iz cees 0es 6,827 121,466
Manila stock, including bag
waste, threads, tC.c.eeeveisireceisssecerasesaases]onsaes oas 2,947 64,684
Totaleeeoeseenenees CoTOEICTO0000 Seteietets CoTogp 000 ofevecoccess 11,974 | $247,728
Fiber:
Ground wood pulp purchased.......cceveeeveeeefeeenaennes 21,266 888,316
8oda wood fiber purchased....... o oo | oooo=sood 2,896 96,946
Sulphite wood fiber purchased..... 12,128 418,680
Other chemical fiber purchased...... 21 872
T OIS e Nervielelslelolore e slelsle o s olsloTelelelote[sTolib o » o 86,806 | $868,314
Chemicals.. 460,808
52 o 52,902
Colors 24,000
(32 S0 00u0009000000bna00BtY TgpTTOIoIRPTTTLdBRo ook ba .. 11,421
ST XA NER G0 Rssaaaant sopaoaoagaogodo dxaoomaaataioos Boaosodood boodo 86,769
Fuel, rent of Hower and heat, mill supplies,
freight, and all other materialS.....coveeeeiine cofeeirenena]ocnaennns 1,109,962
Total for New Hampshire............. oooaood 196,900 47.780 | $3.968,334
Total for United S8tates..c....cevveivrieananans 1,986,810 | 1,701,819 | 70,680,286

The county of Coos is the great paper and pulp producing
region in the state. In 1900 it had more than 61 per cent.
of the total capital invested, bought over 65 per cent., in
value, of the materials used, and yielded, in value, more
than 68 per cent. of the products. Four of the six estab-
lishments in the region examined are in Cods county.

8
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TABLE XXIX.—TIMBER CUT IN NEW HAMPSHIRE FOR
PULP, DURING THE YEAR ENDING JUNE 30, 1903.

Board

Source of supply. | cords. feet
Northern New Hampshire.....ooeeveenns coe cevennenenns 172,020 105,552,000
Qut for mills in northern New Hampshire......c.o.ce0t 138,131 84,934,000
Qut for mlills elsewhere in New Hampshire and in
VOrmMODteereruseentesrssnsssesossensssronssorssnerassssns 33,888 20,618,000
All cut for mills outside northern New Hampshire ..... 4,640 38,093,000
Total for New Hampshire......oeeeirieiiiiiiionisiennnss | 176,660 108,645,000

An important showing of the above table is the com-
parison possible of the amount of wood cut for pulp in the
region considerd by this report with that cut in the rest
of the state. Of the total for the whole state, 97.4 per
cent. comes from this region, and of the total for this region
80.3 per cent. is consumed by mills located in it. The esti-
mate in board feet is chiefly for a basis of comparison with
the amount of wood consumed by the other industries. In
the case of some mills, this estimate was not available and
had to be deduced from the estimate per cord. This was
accomplished by a converting factor, according to the par-
ticular log rule used. The Blodgett (115 cubic feet) and
the Bangor Rules allow 154 cords per 1,000 board feet, the
Scribner Rule, 12-3 cords. Obviously, such estimates are
only approximately correct, but sufficiently so, nevertheless,
for this purpose.

As previously stated, spruce is the chief species used for
wood pulp. Balsam to the amount of 10 per cent. is gen-
erally allowed and, by some mills, a very little hemlock and
popple, the aggregate of which is inconsiderably small. Of
the total cut of spruce for pulp in northern New Hamp-
shire, balsam forms 9.1 per cent.; in the rest of the state,
from 1 to 5 per cent. The pulp mills owning timberland
or buying stumpage as a rule cut balsam along with spruce;
but when buying wood delivered at the mill, they want pure
spruce and will rarely acecept any balsam. One large paper
company, which owns perhaps the finest body of timber in
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the region, cuts absolutely no balsam for pulp. Spruce is
especially desirable for wood pulp owing to its long fiber
and fredom from pitch. Some of the chief objections to
other species are listed below:
Balsam:
Pitch.—Partially eliminated by the chemical process; not
eliminated by the mechanical process, and in consequence

“pitch” the wire screens of the pulp machines.
Short fiber.—Making a relatively weaker paper.

Hemlock :

Short, brittle fiber.—Working poorly on the pulp cylinders

by not “sheeting,” or holding together well.

Discoloration (reddish tinge).—Partially eliminated by the
chemical process. This sometimes causes the pulp to be
mistaken for poorly cooked spruce.

Knotty.—Hard to work.

Popple:

Too soft for newspaper.
Short fiber.
Lack of strength.

The extent of the manufacture of wood pulp in the region
considered by this report is shown in the two following
tables, which give, besides the output for the year ending
June 30, 1903, the amount of wood consumed in producing
the output and the sources from which the wood was ob-
tained.

TABLE XXX.—OUTPUT AND CONSUMPTION OF PULP
MILLS IN NORTHERN NEW HAMPSHIRE, JULY 1, 1902,
TO JUNE 30, 1903.

Output.
wumber ot . Weod conmumed
establishments, peil 5 2
Ground wood. Sulphite fiber. DXL

i Tons. Tons. Cords.

5" 3 ' G616 feeeerrnrenieeernneenne 51,698

A haBhocoadB coquaSd 126,010 219 911

Total 7 . 45,175 125,010 | 271,604
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It is to the purpose here to make mention of the new pulp
and paper mill now being erected at Berlin by the Berlin
Mills Company. The mill is expected to be in operation
by June, 1904. TIts daily capacity is reported to be 60 tons
of sulphite fiber and 125 tons of ground wood pulp, to pro-
duce which will require over 225 cords of wood per day.

TABLE XXXI.—WOOD CONSUMED BY PULP MILLS IN
NORTHERN NEW HAMPSHIRE, JULY 1, 1802, TO JUNE
30, 1903.

Source of supply. ! Oords. Per cent.
Northern New Hampshire.......ccveeeeenn .o 188,181 60.9
L0156 X3 K neoonononooogBcoanaaggdBooon o -nooBoocoadh 101,911 87.6
- B30 s oo ot oot o X0 00 oa0 006 0 81,662 11.8
TOtAL N o Tl e e o o o nn oo ISTNEe I NoTETT 271,604 100.0

According to Table XXX, there are apparently seven
establishments, but as a matter of fact there are only six,
since one establishment manufactures both kinds of pulp.
From this table can be determined the amount of wood pulp
produced by one cord of spruce and balsam (the latter not
to exceed 10 per cent. of the total), which, in ground wood,
is 1,752 pounds; in sulphite fiber, 1,137 pounds.

The interesting feature in Table XXXI is the large
amount of wood which comes from Canada—37.5 per cent.
of the total used in Northern New Hampshire. The twelfth
census reports that of the Canadian wood of all kinds im-
ported for pulp, which forms about one fifth of the entire
supply of wood used for pulp in the United States, New
Hampshire and New York together use two thirds.

During the last three years the increased use of wood for
pulp by the pulp mills throughout the state has been enor-
mous. This is shown in the following table, constructed
from Tables XXVIII, XXIX and XXXI.




PLATE XLI.

IFIG. 1.—TULDI’ AND PAI'ER MILL AND LOG I’'OND. TLINCOLN.

FIG. 2—INTERIOR OF I'ULE BLOCKING MILL. LINCOLN.
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I1G. 1.—SAWDMILL AT LINCOLN.
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IIG., 2—INTERIOR OF SAWMILL. LINCOLN.
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TABLE XXXII.—DEMAND FOR PULP WOOD IN NEW HAMP-
SHIRE, 1800 AND 1803.

Source of supply. | 1900. 19083.
Cords. Cords.
109,761 163,035
87,139 101,811
............. 81,662

196,900 296,608

The paper mills in northern- New Hampshire, included
in four establishments, produced during the year ending
June 30, 1903, 69,600 tons of paper. These mills use prac-
tically all of the ground wood pulp produced in the region,
and a very small part, less than 15 per cent., of the sulphite
fiber produced there. The bulk of the sulphite fiber goes
to other New England paper mills. During the past year
the paper mills in the section examined received a small
part of their supply of pulp, amounting to about 15,000
tons, from foreign sources—Maine and Canada.

The chief product of the paper mills is newspaper, which
finds a ‘market in this country and abroad. A small part
of the product includes manila, bag and wall paper.

The chief waste products are ‘‘screenings’’ and ‘‘sulphite
liquor.’’ Screenings consist of the unground and uncooked
fibers which fail to pass through the screens in the pulp
mills. For the most part this waste is used for fuel. Sul-
phite liquor is the waste liquor from the sulphite process,
for which, according to an eminent authority, there has as
yet been evolved no satisfactory application. In this re-
gion the liquor is neutralized and allowed to run off into
~ nearby streams.

The combined holdings of timberland of pulp and paper
" mills in Northern New Hampshire are 488,290 acres. This
acreage includes the great bulk of virgin timberland in the
region. The policy of the paper companies, with a single
exception, is to log their timber conservatively and hold
the land for a second growth. That at times they fully
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disregard conservative logging cannot be denied. = That is,
for the most part, determined by the situation of the tim-
ber, particularly on high, steep slopes, where danger from
windfall precludes the hope of leaving even a fair percen-
tage of the original stand. @ The owners are thoroughly
alive to the importance and far-sightedness of a policy of
perpetuating their supply of timber, and, as a means to
this end, with a view to cutting as little as possible from
their own land at present, they are getting a large part of
their supply from farmers’ woodlots and Canada. This
statement with regard to Canada is substantiated by the
figures in Table XXXT1. An evil of no mean extent, caused
indirectly by the paper companies looking for a supply
from New Hampshire outside of their own holdings, is the
complete and ruthless clearing of small holdings. The
farmer is usually the sufferer, who, as a rule poor, will
‘‘skin’’ his land and ship the wood to a pulp mill for any
reasonable price.

The question was asked the various pulp mill owners as
to the length of time the present supply of spruce might be
expected to last, and also as to the substitution of another
speciesforpulpwhen the supply should have been exhausted.
Their replies certainly indicate that they are not anticipa-
ting a spruce famine in the near future and that they will
not worry over a substitute for spruce until the available
supply of spruce in Canada is exhausted.

Tee LUMBER INDUSTRY.

The relative position of New Hampshire among the
various states as to capital invested and value of product
in the lumber industry is respectively 19 and 25, according
to the census of 1900. The census includes in the lumber
industry its various auxiliary industries also, of which
those represented in northern New Hampshire, such as the
bobbin, the shoe-peg, ete., are separately described in this
report, chiefly for the purpose of showing the relative
amounts of wood consumed by each.
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The state is completely overshadowed by the Lake states
and such states as Pennsylvania, California and Washing-
ton. However, it is the most intensively lumbered, per
acre of wooded area, of any of the states in the above table.
The wooded area of New Hampshire in 1900 was estimated
at 3,228,000 acres; the total amount of timber cut for lum-
ber was 570,357,000 board feet; or 177 board feet per acre
of wooded area. @ Wisconsin follows with 175 board feet
per acre; Pennsylvania with 163 ; Ohio with 161; and so on
down to Texas, with but 15 board feet cut per acre of wood-
ed area. Obviously, these figures show fairly accurately
the extent to which the lumber industry is using the forest
resources of a state. From these figures, New Hampshire
is certainly using hers at a rapid rate, but the important
question is, how nearly the annual cut is offset by the
growth in the forest and on cut-over land. Unfortunately
no data exist for ascertaining this, but the opinion of many
well-informed men in the state is that New Hampshire, as
a whole, is producing more timber in yearly growth than
is being cut out. Their opinion is based, and correctly,
upon the very large number of abandoned fields throughout
the state which, 40 to 50 years ago given entirely to agri-
culture, are now covered with dense and thrifty stands of
timber. It may be well to add, however, that this condi-
tion of affairs is not so marked in northern New Hamp-
shire as in the rest of the state.

The value of the lumber product in New Hampshire has
multiplied nine times in the last half century and has near-
ly doubled in the decade 1890-1900, as shown in the table
below. The decrease in the value of product between 1870
and 1880, and the general decline of the industry in this
period, may be explained, in part, by the exodus of many
eastern lumbermen to the pineries of the Lake states. An
interesting feature of the table is the gradual decrease since
1870 in the number of establishments, which is chiefly due
to the concentration of small holdings into a single owner-
ship.
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TABLE XXXIIL.—-THE LUMBER INDUSTRY OF NEW
HAMPSHIRE.
[From the Twelfth Census. ]

Average
Number Total Cost of val £
Year. | of estab- | Capital, | Bumber 014, materials B _uejo

lishments. gﬁx:ﬁ; yagesy used.* products.
1860 ®] 20888
1860 2
1870 428,103 3,308 $2,471, 4,288,142
1880 8,745,790 3,104 2,272,991 8,842,012
1890 7,692,187 5,870 1,800, 993 2,807,473 5 841,445
1800 11,882,114 4,188 1, 354 985 4,927,899 9,218,310

*In 1880 and 1800, for purposes of comparison, ‘ Cost of materials used
includes wages 1-eporte&J under the heads of ‘* Logging* and ‘* Cost of keep
of animals.”

The lumber industry in the region under consideration
is represented at present by 65 sawmills, as shown below,
varying in daily capacity from 3,000 to 140,000 board feet,
and in yearly output from 25,000 to 42,000,000 board feet.

TABLE XXXIV.—SAWMILLS IN NORTHERN NEW HAMP-

SHIRE.
Mills with annualoutput of:
Less than 100.000 board feet....ccciieeeeieiiirierencieerorsesisnsecnsasssonases 8

100,000 to 500,000 board feet.....c.covereniiree teviinianinnnn 0000 27
500,000 to 1,000,000 board feet.. X
1,000,000 to 5,000,000 board feet

5,000,000 to 10,000,000 board fee 8
26,000,000 board feet and uver. 2
Poriabie mills....ee.eueesnenns 8
Idle mills 7
Mills outside northern New Hampshire but supplied in part from it........ 6
b hoeoooog. M8aacaenno aataonaanonoob caoctnog 0o Bhg ot Bban0000GA0000600< » 85

Cols county contains the greatest number of mills and
produces the largest amount of lumber of the three counties
in the district. Co0s and Grafton contain the largest mills,
the average output per mill in each county, for the year
ending June 30, 1903, being about two and a half million
board feet, while the average in Carroll was about one half
million board feet, as shown in the following table. The
mills of Cods cut the greatest amount of spruce and hard-
woods; Grafton, hemlock; and Carroll, pine. The total
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amount of spruce sawed is nearly three times the combined
product of all other species. Mixed with spruce is bal-
sam to the amount of about four per cent. Practically
no mills separate balsam and spruce, the percentage of bal-
sam varying, according to the location of the particular
mill, from one to 20 per cent. The mills of Cods saw by
far the largest percentage of balsam.

TABLE XXXV.—OUTPUT OF THE SAWMILLS OF NORTH-
ERN NEW HAMPSHIRE, JULY 1, 1802, TO JUNE 30, 1903.

Output—1,000 board feet.
N umrber

| Number
f

o
County. estab- | o
White Hem- @ Hard- | shingles.

lish- | potal, | Spruce.

ments. pine. | lock. | woods.
Co08........ 26 67,300 | 65,800 4,820 1,826 5,866 9,126,000
Grafton .... 21 52,966 | 42,220 3,688 3 289 3,868 1,210,000
Carroll...... 18 11,370 665 8,220 1, 220 1,266 2,086,000
Total ... 85 181,635 ll 98,186 16,128 6,384 10,988 12,400,000

A very small part of the supply of the mills contained
in the above table comes from a source outside of this re-
gion, as shown below.

TABLE XXXVI.—LUMBER FROM OUTSIDE SOURCES
SAWED IN NORTHERN NEW HAMPSHIRE.

(2} 519 qoaoodBotBB o BB 0 oo BEBEE 000 o SHEETIRY: 0 BB G0 o BGE 2,800,000 bonrd feet

White pine.. .. 1,025,000

Hemlock. . 200,000 Dy

Hardwoods. 875,000 “
TOLAue e geneennrenrennneenasecnsosnsssansennsesnnssssonnncas 8,900,000 “

Practically all the above comes from Vermont and goes
to mills in Cods county. A large amount of the timber
cut in northern New Hampshire goes to outside mills, as
shown below.
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TABLE XXXVIIL.—-TIMBER CUT FOR LUMBER IN NORTH-
ERN NEW HAMPSHIRE.

Per White | Hem- | Hard-
Mills. cent. | Total. |Bpruce.| hine” | Jock. | woods.

1,000 1,000 1,000 1,000 1,000
board board board board board

Seet. JSeet. Seet. Seet. Seet.
‘Within northern New
Hampshire.......... 82.1 127,785 95,886 15,103 6,184 10,618
Outside northern
New Hampshire.... 17.9 27,886 24,810 2,110 546 870
Total.......cceevees| 100.0 165,670 | 120,195 17,218 6,679 11,488

Of the 65 mills in this region, 52 manufacture spruce
lumber; 40 manufacture pine; 35, hemlock; and 39 hard-
" woods. Logs are transported to three mills by drive, to
eight mills by railroad, to 54 mills by team.

The bulk of the logs are scaled by the Blodgett or New
Hampshire Rule, a caliper rule. Fifty-three mills use
this rule; six use the Bangor Rule; four, the Scribner Rule;
one scales by the stacked cord and one relies only on the
mill survey. Blodgett’s is the legal rule of the state. It
is based upon a stick of timber 16 inches in diameter and
12 inches in length, which, by the statutes of the state, is
made equivalent to one cubic foot, 100 cubic feet being
equivalent to 1,000 board feet. As a matter of fact, how-
ever, 115 cubic feet are allowed per 1,000 board feet, though
in large operations this must be specified in the contract.
The consensus of opinion is that Blodgett’s is a very fair
rule, fair alike for buyer and seller; that while the actual
amount of lumber sawed from large logs will overrun the
scale, that from small logs will fall short of the scale, the
one case offsetting the other. For the most part, the log
constitutes the full length of the tree, taken to six inches
at the top, and is scaled according to its middle diameter.

Ninety per cent. of the mills using spruce manufacture
dimension timber and this is the chief product of the lum-
ber industry. Practically all goes to Boston, where the
bulk sold in 1903 at $19 per 1,000 board feet, which includes
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a freight rate of $2 to $3 per thousand. Hemlock is man-
ufactured chiefly into dimension stuff; pine, mostly second
growth, into rough lumber for box-boards, and hardwoods
into flooring. Practically all the lumber is air dried. Of
the 65 mills, 25, or about 40 per cent., manufacture shingles,
chiefly pine, spruce, hemlock and balsam. Comparatively
few mills do any custom sawing, the average charge for
which, per 1,000 board feet, is, for softwoods, $2.75; for
hardwoods, $3.25.

‘With few exceptions, the mills are of an old, unimproved
type, exhibiting a general lack of time and labor-saving
devices.  Within the past ten years only five mills have
seen fit to install any modern machinery. Thirty-five are
operated by steam power, 30 by water power. The length
of time each runs varies from one to two months in the
spring to the full year. Only seven mills operate during
the entire twelve months; more than 50 per cent. of the
mills, less than six months.

A matter of comparatively recent importance to the
‘White Mountain lumber mill, at least, is the utilization of
waste products. Formerly what was in excess over that
used for fuel by the steam mills was conveyed to a waste
pile and burned. Now, however, the greater part of this,
which is made up of edgings, trimmings, etc., is sold per
cord locally or shipped even as far as Boston. At the
mills it brings now $1.50 to $1.75 per cord. One large
company, which operates both a lumber and a pulp mill,
has ceased manufacturing laths, now using the entire
barked slab for pulpwood. Sawdust, if used at all, is used
chiefly as fuel, but, by many of the water mills which have
no way of utilizing it, it is allowed to float down the stream.

Thirty-four mills own timberland, in the aggregate about
380,000 acres, over 259,000 acres of which is included also
in the acreage of timberland owned by pulp and paper
companies. Of the above 34 mills, 17, or 50 per cent.,
lumber conservatively.  This consists chiefly in cutting
under a simple selective system, taking out trees from eight
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to 12 inches and over in diameter, except on steep slopes,
which are cut clean; for, owing to danger from wind, ete.,
if enough of the stand is cut to make the operation pay,
all might as well be cut. Of these 17 mills, 12 will hold
their land indefinitely for future cuttings; five will sell
after having cut their land so as to leave at least a salable
stand. Fortunately for the region, the portable sawmills
are in a very small minority. Here, as elsewhere, the aver-
age portable mill moves from woodlot to woodlot, making
a clean sweep in practically every case. Its proximity
to the supply and in consequence the relatively low cost of
hauling the supply to the mill, are the chief factors in
making this profitable.

The tax rate on timberlands is generally low, and has
practically no bearing upon conservative lumbering.

As for any precaution against fire in the dry season, only
five, or less than 15 per cent. of the 34 mills owning tim-
berland, seem to think it worth while. The land of these
five mills is traversed or skirted by some railroad which
makes every precaution imperative. One of the chief
arguments against conservative lumbering is the liability
of cut-over land to fire. Lumbermen argue, Why not cut
everything now, since it is only a matter of time when fire
will run over the land and burn what remains? In not a
few cases last spring, when fire ran over thousands of acres
in the mountains, this argument was substantiated. @ On
the whole, however, there is a general willingness among
timberland owners to stand a reasonable part of the outlay
for any efficient fire system by either the state or the town,
and a desire to see such a system put in operation.

The demand for softwood saw logs is far in excess of the
supply, the decrease in which is reflected in the general lack
of improvement in the sawmills. The greatly diminished
supply of large spruce timber is fairly well shown by the
decrease in the manufacture of clapboards. This class of
lumber is made from four-foot butts, which must be at
least 16 inches in diameter at the small end. In compara-
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tively recent years nearly every mill in the region made

clapboards; now only nine mills of the 65 make them. It
is perfectly clear that the increased use of spruce for pulp
is influential nowadays in decreasing the available spruce
for lumber. The growing tendency on the part of lumber-
men is to sell out their entire land holdings to pulp com-
panies.

THoE BoBBIN INDUSTRY.

The bobbin industry in northern New Hampshire is rep-
resented by nine mills, requiring a total of 10,845 cords of
wood to produce gbout 47 million bobbins, speeders, quills
and rolls, all of which are included under the single head
of bobbins. The manufactured product is rough bobbins,
as distinguished from the final produet subsequently turned
out by the various finishing mills. There is no mill in the
region which produces the finished bobbin. The species
used are paper birch, yellow birch, sugar maple, beech and
gray birch.

TABLE XXXVIIL.—THE BOBBIN INDUSTRY OF NORTHERN
NEW HAMPSHIRE, JULY 1, 1902, TO JUNE 30, 1903.

Number of establishments e 9

Average period of operation.........ccccveenenn.nn o B'months.
TOtal OUtDUb.ceee ceveaopmessoscesan ... 46,975,000 bobbins.
‘Wood consumed in pr(ﬁuclng OUEDUL. oo eseessos dhoesesssseos 10,846 cords.

Average price per cord, delivered at mill......c.covuevnennnns $6.15.

Of the 10,845 cords consumed in this industry for the
year ending June 30, 1903, 700 came from Canada and 500
from Vermont and from New Hampshire outside of the
region considered by this report. Of the nine mills listed
but two own timberland, the total acreage of which is esti-
mated at 25,000 acres. In each case it is the intention
of the owner to hold the land indefinitely for a second cut-
ting. Cordwood sticks for bobbins must be at least five
inches, and for some buyers six inches, in diameter at the
small end, which ordinarily means the removal of trees
with a stem not less than five or six inches at the top.
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Paper and yellow birch and sugar maple are used indis-
criminately in the manufacture of bobbins. A large
amount of beech is run into speeders chiefly, and gray birch
is used to a very limited extent, since it is accepted by
only one mill. The maximum price paid for bobbin wood
during the past year was $8 per cord for extra quality paper
birch logs with a minimum diameter of nine inches at the
top end.

The bulk of bobbin wood is scaled, per cord, in the log
by the Fabian Caliper Rule. This rule is based upon a
log 12 feet long with a middle diameter of 12 inches, yield-
ing 12 cubic feet, 128 cubic feet being allowed to the cord.
The Blodgett and Bangor Rules are also used.

The bulk of the product of these mills goes to the U S.
Bobbin & Shuttle Company of Providence, Rhode Island,
trom which point it is distributed to their various finishing
mills.

Tae SHOE PEG INDUSTRY.

But three peg mills are operating within the area in-
cluded by this report, all located in the southern part of the
region. Paper birch and yellow birch are the species
used.

TABLE XXXIX.—THE SHOE-PEG INDUSTRY OF NORTHERN
NEW HAMPSHIRE, JULY 1, 1902, TO JUNE 30, 1903.

Number of establishments....cccovieeiieeeiiiis senieraeeiiienaa: 8.

Average period of operation......ccieeiieenecainiees corennennns 10.6 months.
Total output 0f PELS.ceeeecrsraetrennnvees . 176,800 bushels.
Wood consumed in producing output.... .. booob ... 8,608 cords.
Average price per cord, delivered at mill..........ccevveennenn $8.71.

A comparison of the total output and the total number
of cords consumed shows that one cord will produce on
the average 50 bushels of pegs. Of the two species used,
paper birch forms at least 85 per cent., from the highest
quality of which the best pegs are manufactured. Yellow
birech here is the so-called silver birch, or second-growth
yellow birch, which contains a minimum amount of heart-
wood.
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Besides the total number of cords given in the above table,
-as used by the mills of northern New Hampshire, 450 cords
go to outside mills, making the total cut of peg wood
in the region 3,956 cords.

Pegwood is bought by the stacked cord, usually in four-
foot lengths, the following specifications being strictly ad-
hered to:

Must be straight and free from knots, bunches, black streak
and dead wood.

Must be not less than six, or, as in the case of one mill, seven
inches in diameter at the smallest place.

Redheart to be not over one-third of the diameter, and in
the center of the stick.

Heartwood is entirely discarded and forms the bulk of
the waste. Owing to the non-availability of pegwood, due
rather to the unwillingness of neighboring timberland own-
ers to cut than to the scarcity of the species, it has become
necessary for at least two of the mills to suspend operations,
in some instances for several months at a time.

The chief market for the product of these mills is Europe,
Germany being the principal distributing point.

Tae CRUTCH INDUSTRY.

The crutech industry in this region is represented by four
mills, all in the township of Rumney. The speries used
are sugar maple, yellow birch and paper birch

TABLE XL.—THE CRUTCH INDUSTRY OF NORTHERN NEW

'S

Number of establisShments.....c.eeeeeteereereseiencocracsannns
.. 12 months.

Average period of operation........... o
Total output of crutches... ...c..c. ... .. 6,400 dozen pairs.
‘Wood consumed in producing output..ccceeeceeronieasas .+ 160,000 beard feet.
Average price per 1,000 board feet, delivered at mill....... $11.97.

The above table shows that 150,000 board feet will pro-
duce 6,400 dozen pairs of crutches, which is about 43 dozen
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pairs to the 1,000 board feet. In addition to the indigenous
species used in this industry, two tropical hardwoods, rose-
wood and lancewood, are used, though to a very limited
extent. The best crutches are made from the highest grade
of sugar maple.

The erutches manufactured at these mills find a market
in all parts of the United States, from the Atlantic to the
Pacific. A limited number go to Canada and Germany.

MISCELLANEOUS INDUSTRIES.

These industries include the manufacture of excelsior,
spools, rakes, handles, chairs, racket frames, picket stakes,
wood shanks, veneer and ladder rounds. The species used
are popple, paper and yellow birch, white ash, sngar and
red maple, beech, red oak, balsam and basswood.

TABLE XLI.—THE MISCELLANEOUS INDUSTRIES OF
NORTHERN NEW HAMPSHIRE, JULY 1, 1902, TO

JUNE 30, 1903.
Number of establiShments.....cvveiiueiiiiiinieieieriisieieaseeenns 9.
Average period of operation.....cccceeieiieiiiiiiiiiiiiiiiiieiann, 10.7 months.
Wood consumed:
BOATARLOB L. o 'so/00/0sisisoseisisissls\s's'ssiossisisls/sle/slolssialels/slsesiommessileteers el 488,000.
[0 s - 2,860.

The stock for excelsior, spools, wood shanks and veneer
is bought by the cord. The total number of cords con-
sumned is 2,650, as shown above, which equals approximately
2,060,000 board feet. This, added to the number of board
feet consumed in the manufacture of chairs, rakes, ete.,
makes a total of about two and a half million board feet
nsed by miscellaneous industries, more than 50 per cent.
of which is manufactured into excelsior.




REPORT OF FORESTRY COMMISSION. 125

CONCLUSIONS AND RECOMMENDATIONS.

The study made by the Bureau of Forestry shows con-
clusively that the forest plays a most important part in
northern New Hampshire, and that a definite change in
present policy and methods is necessary. Northern New
Hampshire contains large areas of land, valueless for other
purposes, upon which a forest of some kind will continue to
grow even under the most careless methods, but the highest
value of these lands can be realized only under conservative
forest management.

It is estimated that visitors to the mountains leave annu-
ally in New Hampshire approximately eight million dollars,
or about one half of the value of the total annual lumber
production of the state. It is true that lumbering does
not permanently affect the attractiveness of the mountain
region as a summer resort, since cut-over lands, if protected
from fire, soon become almost as attractive to the eye as
virgin forest. But the very existence of the region as a
summer resort depends directly upon the protection of the
forest from fire, which absolutely destroys the beauty of
the landscape. Conservative lumbering will also show a
decided advantage over present methods in preserving
natural forest conditions. The virgin forest still remain-
ing in the White Mountains is practically confined to two
localities: one, the northern slope of the Presidential
Range, and the other that of Waterville. Clear cutting
of this virgin growth will undoubtedly result in the slack-
ening of the summer trade for a time in these localities,
and it would appear to be to the interest of the state that
they should be preserved intact, or at least lumbered con-
servatively.

Forest Fires.—At present fires are the greatest danger
threatening the forests of New Hampshire and their de-
pendent industries. The fact that the land burned has for
the most part been cut over decreases but little the actual
damage done. The area burned over in 1903 was 84,255

9
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acres. Legislation for the organization of an adequate
fire service and active and faithful work on the ground
are absolutely necessary before forest fires in New Hamp-
shire can be stopped.

It is strongly recommended that the governor be given
power to appoint a state forester. The state forester
should be a professional forester and should act as chief
fire warden. The governor should also be given power to
appoint the necessary district fire wardens. The state for-
ester should receive a suitable annual salary and all actual
and necessary living and traveling expenses while in the
field. The distriet fire wardens should receive a monthly
salary and all actual and necessary living and traveling
expenses while in the field during periods in which there
is danger from forest fires, but should hold office throughout
the year. It should be the duty of the state forester to
divide into districts that portion of the state in need of
protection from forest fires and to recommend for appoint-
ment by the governor a district fire warden to take charge
of each district, and the removal of district fire wardens not
satisfactorily fulfilling their duties. During seasons of
danger the state forester should inspect the work of the
district fire wardens on the ground. He should prepare
and furnish to the district fire wardens fire notices to be
posted along all roads and trails in the forest. He should
be given power to designate areas upon which, between
April 15 and June 10, camping or fishing would not be per-
mitted without a written permit from the district fire war-
den. He should approve for payment all accounts for
salary, expenses and the employment of labor, rendered by
district fire wardens.

The district wardens should report to the state forester,
should have the power to arrest without warrant for viola-
tion of the law and should be authorized to call out for fire
patrol or fire fighting any able-bodied male resident of the
distriet in which fire occurs or which is threatened by fire.
The district wardens should issue permits for the burning
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of brush, prohibited except under permits, and for camping
or fishing on wild land between April 15 and June 10, and,
subject to the approval of the forester, should organize fire
patrols whenever necessary within their districts. They
should see that their districts are properly provided with
fire notices and should secure evidence in case of fire. It
should be their duty to see that fires are actually prevented,
not merely to report them, and their retention in office
should be determined by their efficiency in aceomplishing
this. Men employed to patrol a distriet or fight fire should
be paid by the hour. Delay in making these payments
should be carefully avoided.

Conservative Luwmbering—There are approximately
1,684,000 acres of forest land in the region examined, of
which only 200,000 are virgin forest. = The northern half
of the state econtains about 4,760 million feet board measure
of softwoods. The lumbering now going on in northern
New Hampshire is chiefly by large pulp and lumber com-
panies who intend to hold their lands for a second erop.
To this end, both a definite forest policy and the application
of conservative methods in lumbering are necessary. The
employment of trained foresters by these large companies
is highly desirable. They should make the study on the
ground necessary to determine the best methods of eonserva-
tive lumbering and they should put those methods into ef-
feet. It should be clearly understood that no general in-
structions can be given which will cover the varying forest
problems. The details must be worked out on the ground.
The principal sources of waste at present are in cutting
high stumps, in leaving good lumber in the tops, in leaving
logs and lodged trees in the woods, in the failure to utilize
wind-thrown and dead timber which is still merchantable,
in leaving standing merchantable trees which are sure to
be wind-thrown, in the failure to leave seed trees in favor-
able localities and in the lack of protection of young growth
in lumbering operations.

A considerable area of the state is occupied by farm
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woodlots. Many small mill owners draw their timber from
second-growth woodlots and there is a growing movement
on the part of lumbermen toward the purchase of tracts of
second growth. These woodlots offer for the most part
an excellent opportunity for the practice of forestry with
profit. A thrifty woodlot is a most valuable adjunct to
the farm. The labor required to keep it in good condition
involves no further outlay than a few days’ work each year.
The returns in firewood, fence posts and material for other
uses pay many times the cost of growing it.

Forest Planting.—Forest planting upon wholly denuded
lands or to supplement incomplete natural reproduction is
already profitable in New Hampshire, when land can be
protected from fire.  The best species for planting are
white pine, Norway pine and Norway spruce. The white
and Norway pine are adapted to the sandy soils, the Nor-
way spruce to the loamy soils. The latter is preferable to
the red spruce because it grows more rapidly, makes a
larger tree and yields the same quality of timber. At least
1,200 trees should be planted to the acre, which makes a
spacing of about six feet each way. The cost of planting
per acre, including cost of plants, should not exceed eight
dollars, when the plants are grown from seed or purchased
at cost.

It is recommended that the state establish and maintain
a forest nursery under the direction of the state forester,
and distribute seedlings and forest tree seeds at cost to
farmers and others who may desire to plant. By offering
encouragement in this way large areas of waste land suit-
able only for forest can be rendered productive.

A Forest Reserve.—Cut-over lands in the mountain region
should be acquired for reserve purposes without delay. This
is a measure of great importance. Such land can at pres-
ent be bought for from $1 to $3 per acre and its value un-
der efficient fire protection will increase rapidly. Its pur-
chase is a better business venture than that of virgin tim-
berland under present prices, in view of the possibility
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of waiting a comparatively long time for returns under
public ownership.

A State Forester.—As recommended, the state chief fire
warden should be a trained forester. It should be his duty
to establish and maintain a state forest nursery for the dis-
tribution, at cost, of plants and seeds to farmers and lum-
bermen, to assist landowners in forest planting and in the
conservative management of their forest lands, to lecture at
public meetings and to publish and circulate information
regarding state forest lands and forest problems.

SHRUBS AND SMALL TREES IN NORTHERN
NEW HAMPSHIRE.

Striped maple............... Acer pennsylvanicum.
Mountain maple............. Acer spicatum.

Speckled alder.............. Alnus incana.

Mountain alder............. Alnus alnobetula.
Juneberry ...........00i0nn Amelanchier canadensis.
Shadbush .................. Amelanchier botryapium.
Oblong fruited juneberry....Amelanchier oligocarpa.
Red chokeﬁerry ............. Aronia ardbutifolia.
Black chokeberry........... Aronia nigra.

Swamp pink................ Azalea viscosa.

Scrub birch................. Betula grandulosa.
Scrub paper birch........... Betula papyrifera minor.
Moss plant (Alpine)......... Cassiope hypnoides.
Alpine azalea............... Chamaecistus procumbens.
Leather leaf................ Chamaedaphne calyculata.
Creeping snowberry......... Chiogenes hispidula.
Sweet fern.................. Comptonia peregrina.
Round-leaved dogwood....... Cornus circinata.

Silky cormel................ Cornus amomumnt.
Red-osier dogwood.......... Cornus stolonifera.
Alternate-leaved dogwood....Cornus alternifolia.
Scarlet haw................. Crataegus coccinea.
Diapensia (Alpine)......... Diapensia lapponica.
Bush honeysuckle........... Diervilla diervilla.

Creeping wintergreen........ Gaultheria procumbens. #
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Witch hazel................. Hamamelis virginiana.
Common juniper........ ....Juniperus communis.
Swamp laurel............... Kalmia glauca.
Sheep laurel................ Kalmia angustifolia.
Labrador tea................ Ledum groenlandicum.
American fly honeysuckle....Lonicera ciliata.
Sweet gale...............n. Myrica gale.
Mountain holly.............. Nemopanthes fascicularis.
Ironwood .................. Ostrya virginiana.
Mountain heath............. Phyllodoce coerulea.
Choke cherry............... Prunus virginiana.
Mountain ash............... Pyrus americana.
Scrub oak.........cocvuunnn Quercus nana.
Rhodora ................... Rhodora canadensis.
Lapland rose bay........... Rhododendron lapponicum.
Staghorn sumach............ Rhus hirta.
Dwarf sumach.............. Rhus copallina.
Poison sumach.............. Rhus verniz.
Swamp gooseberry.......... Ribes lacustre.
Fetid currant............... Ribes prostratum.
Northern gooseberry......... Ribes ozyacanthoides.
Sweetbrier ................. Rosa rubiginosa.
Northeastern rose........... Rosa nitida.
Purple flowering raspberry. .. Rubus odoratus. |
Dwarf raspberry............ Rubus triflorus. |
Red raspberry......... «....Rubus strigosus.
Highbush blackberry........ Rubus wvillosus.
Millspaugh’s blackberry..... Rubus millspaughii.
Running swamp blackberry..Rubus hispidus.
Bebb’s willow............... Saliz bebbiana.
Crack willow............... Saliz fragilis.
Silver willow........... «...8aliz argyrocarpa.
Balsam willow.............. Saliz balsamifera.
Shining willow.............. Saliz lucida.
Bearberry willow........... Salic wva-ursi.
Tea-leaved willow........... Saliz phylicifolia.
American elder.......... . o.8ambucus canadensis.
Red-berried elder........... Sambucus pubens.
Meadow sweet.......oovvvnen Spiraea salicifolia.
Steeple bush.......... «.....8piraea tomentosa.
American yew (ground hem-

TOCK) - o e Ty N - Tazus minor.
Dwarf blueberry............ Vaccinium pennsylvanicum var. an-

gustifolium.
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Canada blueberry........... Vaccinium canadense.
Dwarf bildberry............. Vaccinium caespitosum.
Mountain cranberry......... Vaccinium vitis-idaea.
Low blueberry..............Vaccinium vacillans.
Great bildberry...... 500dD o . Vaccinium wuliginosum.
Hobble bush................ Viburnum ainifolium.
Witherod .......... vere.... Viburnum cassinoides.

Maple-leaved arrow-wood....Viburnum acerifolium.
Few-flowered cranberry tree. Viburnum paucifiorum.
Northern fox grape..........Vitis labrusca.
Riverside grape.............Vitis vulpina.

Summer grape............. . Vitis aestivalis.

Privet andromeda........... Xolisma ligustrina.
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HYDROGRAPHY OF THE WHITE MOUN-
TAIN REGION.

The principal interest in the hydrography of the White
Mountain region arises from the fact that it is a collecting
basin for four large rivers of New England, viz., Connecti-
cut, Merrimack, Saco and Androscoggin, all of which are
extensively used for water power. The brooks and small
rivers, which drain this mountainous district, are not of
sufficient size to be in themselves of great importance for
power purposes, although a few small lumber mills have
Leen and are still located on their banks. Their slopes are
invariably steep and many excellent sites for dams are avail-
able, but the small amount of water flowing at low stages,
iogether with the considerable distance to large cities, ren-
der them of comparatively little value.

Their principal importance arises then from their effect
en the flow of the large rivers to which they are tributary,
and the value of these larger rivers to the several states of
New England depends on the maintenance of their waters
in undiminished quantities.

Androscoggin and Merrimack Rivers stand out preémi-
nently as water power streams, being of medium size and
having their great fall concentrated at a few localities where
in the natural development of the country manufacturing
towns of importance have been built. The Rangeley Lakes
in the upper busin of the Androscoggin serve as natural
regulators of its flow. On these lakes the storage of freshet
waters has been largely increased by the construction of
dams; and the release of these waters during periods of
drought serves to increase the low water flow of the river
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to a quantity far above the natural amount. Likewise,
‘Winnipesaukee Lake, on which the natural control of sur-
plus waters has also been largely increased by dams, serves
as a regulator of the flow of the Merrimack. These stor-
age basins are not, however, so located that they completely
regulate the freshet flows from their respective river basins.
The water runs from large areas without other control than
ihat offered by nature. Moreover, Saco and Connecticut
Rivers have no extensive lake surfaces within their basins
and consequently no great amount of artificial storage has
been used to control freshet and angment low water flow.

There is a well founded popular belief that forests act
naturally as great regulators of rivers, and one has only
to observe and compare conditions within and without their
borders in springtime to convinee himself that their influ-
cnce on snow storage and consequently on spring freshets
is very material. The magnitude of this effect and its
value as a regulator of flow of streams as well as the effect
of forests on the control of water, which falls as rain, is
still uncertain.

Under these conditions and with large interests at stake
on the several rivers, the last state Legislature made a
special appropriation for the investigations of forest condi-
iions in New Hampshire and the United States Geological
Survey has been asked to assist by studying the effect of
deforestation upon the streams. In making this investiga-
tion the method for determining the daily flow of the rivers
has been that usually followed by the Survey and which is
outlined below. A gage for observing the stage of the river
is established at a bridge or other place where the record of
flow is to be made. This gage is a vertical staff or some
device by which the height of water may be observed and is
read, usually twice each day, by a person living near by.
The average of the gage reagings in any day is used as the
mean gage height for that day.

At various stages of the river the station is visited by one
of the hydrographers of the Survey, who measures the
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amount of water flowing by means of a current meter, which
is primarily an instrument for measuring the velocity of
moving water. The essential part of this meter is a wheel
with vanes, which may be shaped like those of a windmill or
a serew or with cups like those of an anemometer, the neces-
sary qualification being that moving water shall readily
cause the wheel of the meter to turn. The type generally
1used by the U. S. Geological Survey is known as the Price
meter and is described in detail in Water Supply and Irvi-
gation, Paper No. 94, published by the U. S. Geological Sur-
vey. Each meter has been rated before use. This is done
Ly moving it through still water at various observed speeds
10 determine the relation between the velocity with which
the meter moves through the water and the revolutions of
the wheel.  This relation having been determined, the
meter is used in running water, the revolutions per unit
of time noted and the velocity of water computed.

At the time that observations for velocity are made with
the meter, soundings are taken and from these the area of
cross section of each portion of the water is computed ; each
partial area multiplied by the velocity observed in that
area gives a partial discharge. The sum of the partial
discharges gives the total discharge for the stream.

Measurements of flow are made, as stated above, at
various stages of the river. 'When several measurements,
covering a considerable range of gage height, have been
made, they are plotted on co-ordinate paper with gage
Theights for ordinates and discharges for abscissas, and a
smooth curve, called the rating curve, is drawn through
1he several points. The curve so constructed for the sta-
tion on Pemigewasset River at Plymouth New Hampshire;
is shown on Plate I.
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From the rating curve for any station is made its rating
table, which gives the discharge for any gage height. The
rating table for the curve shown in Plate I is given on
page 174. The use of the rating curve and its correspond-
ing rating table is based on the assumption that for any
given gage height the quantity of water flowing past the
gage is always the same. As long as conditions above and
below the gage for some distance, and at the gage, remain
substantially constant, this assumption will be a correct one.
This means, then, that the river bed and banks must be of
a permanent nature—rocky or of firm gravel—in order
that at times of floods, when the current is very swift, there
will not be changes of any consequence in the width, depth
and character of the channel. During the winter, when,
in this latitude, the rivers are frozen over for several
months, the conditions of flow are different from those in
summer; consequently the regular rating curve cannot be
used but a new curve must be developed by means of cur-
rent meter measurements made through holes cut in the
" ice. No ice measurements of this kind have been made at
any of the White Mountain gaging stations as yet, although
the reading of gage heights at these stations has been con-
tinued through the winter.

From the record of daily gage heights and the rating
table for any station, estimates of the mean daily discharge
are made; and from these estimates the table of mean
monthly discharge and other dependent data is determined.
This latter table gives in condensed form a summary of
the results obtained from the observations made during the
year at the station. In order to explain this table the
following definitions are given:

The term ‘‘second-feet’’ (Sec.-ft.) is an abbreviation for
‘“Cubic feet per second.”” It is the number of cubic feet
of water flowing by the gaging station every second. The
column headed ‘‘Maximum’’ gives the mean flow for the
day when the mean gage height was the highest and it is
the flow as given in the rating table for that mean gage
height. As the gage height is the mean for the day, there
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might have been short periods when the water was higher
and the corresponding discharge larger than given in this
column. Likewise in the column of ‘‘ Minimum’’ the quan-
tity given is the mean flow for the day when the mean
gage height was lowest. The column headed ‘‘Mean’’ is
the average flow for each second during the month. Upon
this the computations for the three remaining columns in
ihe table are based. @ The expression ‘‘second feet per
square mile’’ means the number of cubic feet of water flow-
ing each second from every square mile of drainage area.
“‘Depth in inches’’ means the depth of water in inches
1hat would have covered the drainage area, uniformly dis-
iributed, if all the water could have accumulated on the
surface.  This quantity is used for comparing run-off
with rainfall, which quantity is usually given in depth in
inches.

In making a study of the hydrography of this region,
with special attention to the effect of deforestation upon
stream flow, the short time available has been a serious
handicap. In order to draw definite conclusions as to such
effects, records shonld extend over several years, but it has
been hoped that, by choosing with care our several gaging
stations, some indications of effect on run-off could be ob-
served by the end of the year. 'With these several con-
ditions in view, river stations were established at the fol-
lowing places:

Saco River at Conway Center.

Pemigewasset River at Plymouth.

Israel (above South Branch) River at Randolph.

Israel (below South Branch) River at Jefferson
Highlands.

5. Ammonoosuc River at Bretton Woods.

6. Zealand River at Twin Mountain.

7. Little River at Twin Mountain.

Descriptions of these several stations, together with a
statement of work done and results obtained at each, are
viven below. Their location is shown on Plate II.
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As no rainfall records had been collected for this region
(except for the stations on Mt. Washington and at Ply-
mouth), rain gages were set and observations made at Bart-
lett, Bretton Woods, Jefferson Highlands and North Wood-
stock.

The river basins in the White Mountain region do not
differ from each other materially in their topographiec and
geologic features. Granite prevails throughout the whole
region and the topography is broken and rocky, with no
considerable areas are composed of naked rock. The con-
cut by narrow valleys, gradually change to the Jower hills
and broader valleys of the large river basins, and, as the
slopes of all streams are great, there is little or no pondage
or natural storage. The mountain summits are bare and
considerable areas are composed of naked rock. The con-
dition of vegetation and forest cover ranges from barren
mountain tops to dense spruce growth. The natural con-
ditions have been largely modified by the lumbermen and a
great proportion of the total area has been cut over to some
extent. From some sections the forest cover has been en-
tirely stripped, while from others certain portions of the
growth only have been removed. These conditions have
been examined in detail and accurately reported by the
Bureau of Forestry. In the table below is a concise state-
ment of the forestation of each basin whose hydrography
has been studied by the United States Geological Survey.
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TABLE SHOWING FOREST CONDITIONS ON DRAINAGE

AREAS.
Drainage.—Area.

42 T L L .

S | 24| B4 |88 |5 |4

. g o4 5] =1

Olassification.* a2d | 28 | &8 7 3 F e ]

a = V,Q 2 [=] E

3 — — od A4 Fey

©g o | g9 a8 ]

G 83 @g E% = o

Bm | 5@ | 5@ | B% | o8 | &

A - [ < 3] S|

Soft Woods (evergreens).

Over 2 M ft. per acre 265.4 27.8 21.8 51.8 18.2 21.6
Under 2 M ft. peracre............. | 20.9 8.2 14.1 11.6 0.5 [seseas
IPOtAl e e seecevecseanses L o000 46.8 83.6 86.9 62.9 18.7 [evsane
Hard Woods (deciduous)......... 9.7 87.6 29.6 6.1 2.4 20.1
‘Waste and barrenland............ 9.8 18.0 12.8 15.2 2.7 18.7
Agricultural, clean cut and burns| 13.4 11.0 22.2 15.8 81.2 42.8
W sh oonoaeaaaooooastdoodaoSHGE 0.8 eeceecesfssccossc]eacsecsdlencscasa|ecnses
Notclagsifled cceeeeeeenereecacans 21,0 [eececasefocicncac]iencenas]ecocense 2.1
Total per cent.....coevevecnnens 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.0

* Field work done by the Bureau of Forestry in 1903.
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SACO RIVER DRAINAGE BASIN.

This river receives its headwaters from the valleys and
slopes of the White Mountains at elevations of 4,000 to
5,000 feet. It drains an area of 1,720 square miles, of
which 900 square miles lie in New Hampshire and the re-
mainder in Maine. The slopes at the headwaters are very
steep, with no lake storage. In Plate III are shown two
typical views of this river. In the lower river are many
good water powers, part of which are in use. The upper
portions of the basin are generally in forest, but much of
the large growth has been cut, and over large areas the
evergreen trees have been entirely removed. In the lower
basin are many farms and villages. The underlying rock
is generally granite, appearing at the surface in many
mountain summits.

SACO RIVER AT CENTER CONWAY, N. H.

This station, shown on Plate ITI, was established August
26, 1903, by N. C. Grover. It is located at the wooden
highway bridge between Center Conway and Redstone and
about two miles from either place. The drainage basin at
this point has an area of 385 square miles. A standard.
chain gage is attached to the floor of the bridge; length of
chain, 30.44 feet. It isreferred to bench marks as follows:
(1) Marked point on lower chord of bridge near gage, ele-
vation 27.72 feet; (2) South end of top of west abutment,
elevation, 25.14 feet. The channel is straight, 2,000 feet
above and 300 feet below the station, is about 200 feet
wide at ordinary stages, broken by one pier. The banks
are high and are not liable to overflow, except in very ex-
treme freshets. The bed is of sand and gravel and is per-
manent. Low water measurements are usually made by
wading about 400 feet above the bridge. The gage is read
twice daily by Albert P. Davidson.




PLATE III.

SACO RIVER ABOVE GLEN.

e
P b - aacTor

GAGING STATION ON SACO RIVER, NEAR CONWAY CENTER.
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LIST OF DISCHARGE MEASUREMENTS OF SACO RIVER, AT
CENTRE CONWAY, N. H.

Me
No.| Date. | Hydrographer. v;‘i‘ﬂ#l :fr::c. ;t?l‘s(gr h(ging ei:. c]?ni.::ge Remarks,
8q. {t. 860. Feet. |Sec.-ft.
1 Aug?szs H. K. Barrows. 1687 429 1.18 4.81 717 3 [
2 |Aug. 27 | H. K. Barrows. 2mM 294 1.80 4.18 882 B{n gw:a.d-
8 [Bept. 19 | H. K. Barrows. 276 296 1.22 8.92 869 B{n gad-
1904
4 |April 19 | N. O. Grover.. 227 738 2.20 65.87 1628 |eervernenen
6 (May 2 |8.E.Clapp....| 261 1477| 8.88| 9.00| 6780 |ceeveennres
6 ([May 18 | 8. K. Olapp .... 236 986 2.83 7.00 21786 |.
7 |[May 28 | N. C. Grover .. 224 740 2.12 6.76 1667
8 |June 14 | 8. K. COlapp.... 144 417 1.17 4.11 488
9 (July 21 | 8.K.Clapp.... 230 119 1.27 8.89 161
10 |Aug. 9| 8.K.Olapp.... 200 141 1.81| 8.46 186
11 |Oct. 11 | T. W. Norcross 280 821 1.14 8.88 866
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MEAN DAILY GAGE HEIGHT, IN FEET, OF SACO RIVER, AT
CONWAY CENTER, N. H., FOR 1903.

Day. |Jan. [ Feb. | Mar.|Apr. |May.|June.|July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 feeeees B P et N e e o 3.94 | 8.54 | 4.01 |.....
PN PO | M et [P i I et [ 8.94 [ 850 | 4.00 |..... .
8 8.93 | 8.50 | 4.02 [..vsus
4 8.90 | 3.51 | 8.90 |.useas
5] 8.92 [ 8.52 | 8.92 [seuren
6 3.91 | 8.566 | 4.06 | 8.90
v 8.80 | 8.58 | 8.98 [.uzvus
8 8.67 | 8.62 | 8.95 [...4s
9 8.68 | 5.12 | 3.88 [...uus
10 8.67 | 5.65 | 8.85 [svruss
11 8.70 | 4.82 | 3.85
12 8.65 | 4.40 | 3.80 | 4.00
18 8.65 | 4.32 | 8.78 |vsvusn
14 8.62 | 4.22 | 8.72 [...uus
16 .| 8.656 [4.05 | 3.75 [savsss
16 8.564 [ 4.02 | 8.80 [+:..ns
17 8.82 | 4.00 | 8.78 [.s:uua
18 4.08 | 6.62 | 4.18 [+svues
19 3.52 | 5.80 | 4.00 | 4.50
20 3.7L [ 4.70 | 8.78 [sasuss
21 8.80 | 4.45 | 3.79 |saues .
22 8.60 | 4.25 | 8.81 |vusaus
28 o 8.60 | 4.22 | 8.8 |aussan
24 8.48 | 4.80 | 8.72 [seussus
26 8.50 | 4.22 | 8.90 |+ess- .
26 8.50 | 4.28 | 4.10 |.awe- .
27 8.52 | 4.22 * easensn
28 8.56 | 4.00 |...... cveass
29 3.53' 4.00 [sacseefonnrs
80 8.65 | 8.98 |.icass]|s nss
91 e 0T b frooooe

* Readings from November 27 to December 81 through ice.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF SACO RIVER, AT
CONWAY CENTER, N. H,, FOR 1904.

Day.

Jan. | Feb. | Mar.

Apr.

May.

June.'July.

Aug.(Bept.

Oct.

Nov.|

Dec.

@D 0 O R N =

-
o

sessss/esssns

7.10

I
IS
|

......P...... ceeeee

oee sererfeseens

7.60
! 6.10 | .P

1

I.-...-I..-...

o

|
[
640!
|
|
7.00 | Il

PR TTY PR P

|
|

et
eesess| 6,20 |,
|

7.00 |.ceene]

...... | o

seeses

[
reuene 870

caesen

6-751

cesesslescnnn

[
[
[
cooagh|
[
[

ve eeo| 6.52

5.7
5.50
5.65
5.80
5.28
5.7
8.18
5.98
7.10
9.70
8.68
7.75
7.08
6.60
6.20
8.05
5.70
5.70
5.82
8.20
5.88
6.72
5.94
6.85
7.20
7.90
7.75
7.78
10.02
10.82

beoece

9.90 l 4.70
9.22 | 4.65
8.60 | 4.58
8.82 | 4.52
9.02 | 4.52
8.48 | 4.68
7.72 | 4.72
7.72 | 4.61
7.58 ‘ 4.47
8.86 ‘ 4.38 | 8.58
9.10 | 4.28 | 3.57
7.68 | 4.20 | 3.60
7.04 | 4.15 ‘ 3.70
6.88 | 4.12 | 3.62

4.10

4.18

8.84

3.78

3.74

8.62

7.10 | 4.07 | 8.58 |

8.94 ! 4.06 | 8-54

8.08 : 8.58 | 8.46

7.68 | 3.92 | 3.48 |

9.24 | 3.84 82
9.58 ‘ 8.38 | 8.42
7.78 | 8.75 | 8.40
6.98 J 3.88 : 3.8
6.16 | 3.95 | 8.38
6.28 J 3.83 | 8.40
6.01 | 8.75 | 3.46
5.78 | 8.70 | 8.52
5.58 | 8.70 ‘ 3.56
5.85 | 8.65 ‘ 8.74
5.01 | 8.1 ‘

491 8.70 | 8,51
476 [covene| 8.48

4.88 |

3.98 1

8.66 |

| 3.45 ‘ 8.38
8.46 | 3.87
| 8.66 | 8.87
8.67 | 8.82
| 8.60 : 8.76
.50 | 3.64
'I 8.62 | 3.456
3.45 | 8.41
8.42 I 3.87
8.42 ll 8.41
8.44 | 8.88
3.48 i 3.2
3.46 | 8.82
3.47 | 3.26
8.44 | 5.84

3.44 | 5.48
‘ 3.42 | 4.41
3.42 | 4.06

3.35 | 8.90
| 3.54 | 3.88
8.18 ‘ 3.92
4.48 ‘ 4.0
4.04 | 3.68
8.62 | 3.76
8.72 | 4.76
3.68 : 4.34
3.56 | 4.20
3.54 | 4.42
3.48 | 4.00
8.44 | 5.88
8.42

seanss

5.46
4.94
4.68
4.60
4.26
4.19
4.28
8.98
3.94
8.98
4.04
8.89
8.89
3.57
8.86
8.86
3.92
8.92
8.88
8.88
8.18
5.88
5.86
5.26
4.92
65.12
4.90
4.66
4.49
4.46
4.46

4.36
4.62
4.80
4.26
4.14

sesene

T
g

ipead
|
i

River frozen January 1~March 80.
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RATING TABLE FOR SACO RIVER AT CONWAY CENTER,
N. H.,, FROM AUGUST 27, 1903, TO DECEMBER 31, 1904.

|

Gage height.
Discharge.

Gage height.

Discharge.
Gage height.

Discharge.

Gage height.

Discharge.

Gage height.

Discharge.
Gage height.

Discharge.

Gage height.

Discharge.

Gage height.
Discharge.

8.80 | 133
8.40 | 166
8.60 | 200
8.60 | 235
8.70 | 271
8.80 | 807
8.80 | 843

4.00
4.10
4.20
4.80
4.40
4.50
4.60
4.70
4.80
4.90

880(6.00
425(6.10
475 65.20

526 6.80
676|6.40
625/6.60
875(6.80
780/6.70
796/5.80
865(6.90

985
1,006
1,080
1,160
1,240
1,820
1,406
1,495
1,586
1,676

6.00
6.10
6.20
6.80
6.40
6.50
6.60
8.70
6.80
6.90

1,766
1,865
1,950
2,050
2,160
2,250
2,850
2,460
2,670
2,680

7.00
7.10
7.20
7.80
7.40
7.60
7.60
7.70
7.80
7.90

2,790 |8.00
2,010 8.10
8,030 (8.20
8,150 |8.30
8,280 |8.40
8,410 (8.50
8,545 (8.60
8,886 |8.70
8,825 |8.80
3,970 |8.90

4,120
4,270
4,420
4,580
4,740
4,800
5,080
5,220
5,890
5,660

9.00
9.10
9.20
9.80
9.40
9.50
9.60
9.70
9.80
9.90

5,780
5,900
6,080
6,260
6,440
6,620
6,300
6,985
7,175
7,865

10.00I 7,665

10.10I 7,745
10.20 7,985
10.80| 8,126
10.40| 8,816
10.60| 8,610
10.60( 8,710
10.70| 8,910
10.80| 9,110

This table is applicable only for open channel. Itis based upon discharge
measurements made during 1903 and 1904. The table is well defined between
Outside these limits it has been extended by

gage heights 3.40 and 9.00 feet.

interpolation.

The table has been applied to the nearest hundredth up to
7.00 feet gage height; above gage height 7.00 it has been applied to the near-
est half-tenth.
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ESTIMATED MONTHLY DISCHARGE OF SACO RIVER AT
CONWAY CENTER, N. H., FOR 1003 AND 1904.

(Drainage area, 385 square miles.)

Discharge in second-feet. Run-off,
- 0 -1 b~
] &2 5]
wowrs. | g | g AP
g g w8 28 | 8
-} 2.9 A Ug
8 g |8:8| af | %4
H @ gaf | o8 gR
= = @ =] Ay
1808.
August 26-81.... 530 850 402 1.04 28 [vecececc]ecccanane .
September...... 406 193 264 .69 i .54 1.43
October......... 2,270 200 560 1.43 1.65 .51 8.28
November 1-26.. 486 239 839 .88 85 |esnsrses 1.20
December coooeefeeeesnes . (FTPPTTrT Trrre i | ORSET ey R, - B 5.09
1904.
JANUALY ceeeereforecrsane &l oo aeo goooo otd loAoormrsoal kioooo o] 8.72
................................... eos foseseoss|esccscsci]|oascenses 2.76
............ eescsessce|ecasssscce|oscccccass]eacccccc]ecsscccns|easasses 4.16
cisesssncene 9,110 1,160 2,816 7.81 8.18 2.10 3.95
............. 7,365 760 8,682 9.66 11.02 2.20 5.06
. 742 228 461 1.17 1.81 74 1.78
............. 5656 169 260 .85 .76 .88 1.99
essesanas 1,930 149 276 .72 .88 .20 4.05
September......| 1,667 120 411 1.07 1.19 .22 5.58
October......... 4,345 224 764 1.98 2.26 .78 8.11

River frozen November 27, 1903, to March 80, 1904.
Rainfallrecords for Bartlett, N. H.
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MERRIMACK RIVER DRAINAGE BASIN.

This basin, which has a total drainage area of 5,015
square miles, lies in the states of New Hampshire and Mas-
sachusetts; of this, 3,815 square miles are in the former
state and 1,200 square miles in the latter. Merrimack River
is formed at Franklin, N. H., by the junction of Pemige-
wasset and Winnipesaukee Rivers. The headwaters of the
Pemigewasset lie in the White Mountain region at elevations
of approximately 2,000 feet; thence they flow southerly
through New Hampshire with very steep slopes. On this
branch of the Merrimack there is very little lake storage.
Squam and Newfound Lakes, aggregating about 20 square
miles of surface area, are the only bodies of water of any
importance. = Above Plymouth probably 85 per cent. of
ihe basin is in heavy forest. A very insignificant amount
of water power is utilized. The total drainage area of
the Pemigewasset River is 1,085 square miles.

PEMIGEWASSET RIVER AT PLYMOUTH, N. H.

This station was established September 5, 1903, by N. C.
Grover. It is located at the wooden highway bridge below
the mouth of Baker’s River in the town of Plymouth. The
drainage area at this point is 615 square miles. The head-
waters of the river lie in the mountainous country to the
west of Mount Washington, at elevations of more than 2,000
feet. At North Woodstock, Pemigewasset River is formed
by the junction of East Branch, Middle Branch and Moosi-
lauke Brook, at an elevation of about 700 feet. Thence the
waters flow south, receiving Mad River from the east and
Baker’s River from the west, until, at Plymouth, about 20
miles below North Woodstock, the elevation is between 400
and 500 feet. The underlying rock in this basin is usually
granite, exposed in the mountain summits. The basin
contains some of the best spruce standing in New England.
Large areas in the basin of East Branch are still in virgin
forest; other areas have been practically stripped, especially
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on Hancock Brook, a tributary of East Branch, and in the
basin of Middle Branch. A statement in detail of the for-
est conditions on this drainage area will be found on page
143.

The height of water at Plymouth has been recorded daily
since January 1, 1886, during which time extensive defor-
cstation in the basin above has taken place. This record
of gage height, which has been kindly given to the United
States Geological Survey by Locks and Canals Company of
Lowell, Mass., has been used as a basis for the estimates of
daily discharge of the river since that date. The original
observations were made once daily to the nearest quarter
inch and have been reduced to the nearest hundreth foot
and applied to the rating table, which is based on meter
measurements made in 1903 and 1904. During this period
of 17 years the gage has been carefully maintained and
read; there has been no change in its datum.

A standard chain gage has been installed by the United
States Geological Survey and is attached to the guard rail
of the sidewalk of the bridge on the upstream side; length
of chain, 34.69 feet. It is referred to bench marks as fol-
lows: (1) Marked point on rail of bridge near gage; ele-
vation, 34 feet; (2) North corner of intermediate cast-iron
gage attached to a granite post and set by Locks and Canals
Company of Lowell, Mass., elevation 13.27 feet; (3) North
corner of lowest cast-iron gage set by same company, ele-
vation, 7.11 feet. All elevations refer to the datum of the
gage. The initial point for soundings is at the top of the
face of the right abutment on the upstream side. The
channel is straight for 1,000 feet above and 1,000 feet be-
low the bridge, and is about 180 feet wide at ordinary
stages, broken by one pier. The banks are high and rocky.
The bed is permanent; it is rocky in the right half and’
gravelly in the left. The velocity is rapid in the right
and sluggish in the left half. At low water the measure-
ments of flow through the left channel are made by wading.
The gage is read twice daily by Frank Morton. The rating
curve for this station is shown on Plate L.
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LIST OF DISCHARGE MEASUREMENTS OF PEMIGEWASSET

RIVER AT PLYMOUTH, N. H.

Mean g
Area of| Gage Dis-
Date. | Hydrographer. (vg,::le%h)‘ sec. (}BLI%%I. height. cha.r%e. ]
S */1(8q. ft.) se'c.) (Feet.) (8ec. ft.) 5
a ~
1908.
1/Bept. 5| N. O. @rover....|«.e.ce.. 260 1.08 1.86 270
2/8ept.22/H. K. BArrows..|..ecceee. 238 1.00 1.74 238
80ct. 9| N.O.Grover.... cceeeess 243 1.17 1.98 286 .e
| 1904.
4|Apr. 14|N. O. Grover.... 216 931 2.88 4.76 2,680
E‘Apr. 14|N. O. Grover.... 216 920 2.80 4.70 2,680
BlApx'. 20|8. K. Olapp 206 836 2.70 4.84 2,267
7/Apr. 30|8. K. Olapp. 234 | 2,043 5.65 10.86 12,800 | *
8 May 21|8. K.COlapp...... 220 | 1,860 4.17 6.76 6676 |1
9 May 25|N. O. Grover.... 203 782 2.566 4.08 2,000
10 June 9|N. 0. Grover.... 180 569 1.88 8.02 1,042
ll‘July 26/8. K.Qlapp.....- 85 197 0.91 1.566 179
12 July 6|8. K.Clapp...... 186 288 1.46 2.12 419
13|Aug. 5[8. K.Olapp...... 136 278 1.61 2.11 448
14/Aug. 23|H. K. BAITOWS...[cvecocss|esaasaansfans Sessasee 8.16 sessvercoseslee
16/8ept.28|ccccccercccnancane 146 860 1.84 2.47 842 .
166 899 1.81 2.86 722 .

16/0Oct. 14|/T. W. Norcross..

* (Corrected meter, 10 per cent. off.) 1 ft. depth. Ooeflicient, 0.80,

t 11t. depth.

Coefficient, 0.90.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
: RIVER, AT PLYMOUTH, N. H., FOR 1886.

Day. |Jan. | Feb. | Mar.| Apr. Ms.y.iJune. July.| Aug.|8ept.| Oct. | Nov.| Dec.
1 |6.60(4.356 |6.10 | 9.77 | 4.60 I 8.68 | 2.43 |......| 2.77 | 8.86 | 5.86 | 4.02
2 | 8.10 | 4.10 | 5.93 [17.10 | 4.60 I 8.43 | 2.43 | 2.10 | 2.43 | 2.93 | 4.10 | 4.68
8 |7.27|8.93|5.77 | 6.60 | 4.62 | 8.27 | 2.43 | 2.68 | 2.85 |......  8.62 | 8.60
4 |6.48|4.93|5.77 | 6.0 | 4.43 | 4.48 |......| 2.48 | 2.02 | 2.52 | 8.27 | 4.27
6 |8.77 | 4.77 | 5.77 | 6.356 | 4.60 | 8.68 | 2.43 | 2.27 [......| 2.43 | 8.10 [eeaces
6 [16.27 | 4.60 | 65.77 | 6.86 | 4.93 |......; 2.10 | 2.10 | 1.86 | 2.43 | 2.98 | 4.27
7 |8.62|4.85 | 65.77 | 5.68 | 4.48 | 8.18 | 2.10 | 2.10 | 1.77 | 2.27 |......| 4.77
8 |6.10 | 4.10 | 5.77 | 4.93 | 410 | 8.10 | 2.10 |......| 2.77 | 2.27 | 5.60 | 4.98
9 |5.85|8.93|65.68 | 4.60 | 6.85 | 8.10 | 2.10 | 2.10 | 1.68 | 2.18 | 4.27 | 4.77

10 | 5.10 | 8.93 | 65.60 | 5.43 | 4.93 | 3.10 | 2.10 | 2.10 | 1.60 |eceeecfeecess| 4.680
11 | 4.60 | 8.93 | 5.60 | 5.27 | 4.48 | 2.93 |......| 2.10 | 1.68 | 2.10 | 8.77 | 4.43
12 | 5.60 | 8.93 | 5.60 | 5.36 | 4.27 | 2.77 | 2.10 | 2.10 |.cecee| 2.10 | 8.52 |eveeen
18 | 5.60 | 4.27 | 5.60 | 4.85 | 4.10 |...... 2.10 | 2.10 | 1.68 | 2.10 | 8.85 | 4.10
14 | 5.60 |16.86 | 5.60 | 6.60 | 4.02 | 2.77 ! 2.10 | 2.10 | 1.68 | 2.18 | 8.86 | 4.10
16 | 65.60 |13.93 | 5.60 | 8.60 | 3.85 | 8.93 : 2.10 fe.r..o| 1.77 | 2.18 |..v.0.| 3.93
16 | 5.60 |12.27 | 5.60 | 9.27 | 4.62 | 8.68 | 2.10 | 2.10 | 1.77 | 2.77 | 8.10 | 3.86
17 | 6.52 (11.60 | 5.48 | 7.48 | 6.93 | 8.27 | 8.77 | 2.62 | 1.98 |......| 8.02 | 3.60
18 | 5.43 | 9.77 | 5.27 | 9.85 | 4.43 | 3.10 |......[ 8.43 | 2.60 | 2.18 | 2.68 | 8.60
19 | 65.27 | 9.27 | 5.18 (10.60 | 4.02 | 2.98 | 2.68 [ 2.68 [ceceesf 2.18 | 4.43 |.ceunn
20 | 65.10 | 8.10 | 5.10 {10.43 | 8.85 ...... 2.60 | 2.856 | 2.27 | 2.10 |11.77 | 8.77
21 | 6.10 | 7.27 | 4.98 | 9.68 | 3.85 | 2.62 | 2.43 | 2.10 | 2.85 | 2.10 | 6.27 | 8.77
22 1 6.10 | 7.10 | 4.93 | 9.43 | 3.60 [ 2.62 | 2.48 |......| 2.86 | 2.10 |......| B.77
23 | 4.93 | 7.10 | 5.02 | 6.77 [ 2.43 | 2.27 | 2.10 | 2.10 | 2.10 | £.62 | 38.77
24 | 4.86 | 6.93 | 4.77 | 6.77 | 8.8 [ 2.48 | 2.10 | 2.10 | 2.02 |......| 4.18 | 8.77
26 | 4.77 ) 6.27 | 4.60 | 6.27 | 8.18 [ 2.43 |.....0) 2.10 | 2.02 | 2.02 | 65.02 | 4.10
26 | 4.60 | 6.27 | 4.60 | 5.77 | 4.60 i 2.52 | 2.10 | 2.10 [eeeeee] 2.02 | 5.18 |seeeee
27 | 4.27)6.10 | 4.93 | 5.27 | 4.77 |\ ..... 2.10 | 2.10 | 2.02 | 2.18 |..... 4.86
28 | 4.27 | 6.10 | 5-18 | 5.02 | 4.77 | 3.18 [ 2.43 | 2.10 | 2.27 | 8.52 | 4.27 | 4.52
20 | 4.48|......[ 5.10 | 4.85 | 4.60 I' 2.68 l 2.48 |......| 4.98 | 8.43 | 3.86 | 4.10
80 |4.60| .....| 5.43 | 4.85 |......) oooo 2,27 | 1.93 | 4.43 | 2.83 | 3.68 | 3.85
81 |4.48|......] 6.60 |......| 3.85 : 2.10 | 1.98 [coevei|ieearefennass| 8.85
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1887.

Day. |Jan. |Feb.| Mar.| Apr. |May.|June.|July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 |4.02 |6.18 | 4.43 | 4.43 | 9.43 | 4.68 | 8.43 | 3.68 | 2.60 | 2.02 | 2.10 | 4.27
2 |eeeess 5.60 | 4.483 | 4.43 | 9.02 | 5.48 | 8.27 | 8.35 | 2.60 [e.....| 2.10 | 4.27
8 | 6.02 | 65.27 | 4.562 | 4.43 | 9.60 | 6.10 | 8.16 | 8.10 | 2.52 | 2.10 | 2.02 | 5.10
4 |4.43 | 5.27 | 4.62 | 4.43 | 9.85 | 7.85 | 8.02 | 2.88 |......| 2.10 | 2.02 | 4.98
6 |4.02 | 5.10 | 4.562 | 5.10 (12.10 | 6.562 | 2.93 | 2.85 | 2.43 | 2.27 | 2.10 | 4.60
6 | 4.02 [seeeee|eeaes [ 6.10 [ 9.93 | 4.93 | 2.85 |eueeeo| 2.85 [ 2,62 |eeuee. 4.60
7 | 4.02 | 4.77 | 4.62 | 5.85 | 9.10 | 4.52 | 4.68 | .....| 2.85 | 2.27 | 2.10 | 8.98
8 | 3.85 | 4.77 | 4.60 | 5.86 | 7.77 | 4.27 | 8.77 | 8.60 | 2.562 | 2.10 | 2.10 | 8.77
9 |.v....| 4.60 | 4.77 | 4.27 | 9.86 | 3.93 | 8.43 | 3.10 | 2.562 |......] 2.10 | 3.48
10 | 3.68 | 4.438 | 4.77 | 65.68 | 9.68 | 3.77 | 3.52 | 2.93 | 2.52 | 2.02 | 2.10 |.eeeee
11 | 8.68 | 4.43 | 4.77 | 9.60 | 9.68 | 3.85 | 3.60 | 2.77 |......| 2.10 | 2.10 | 6.10
12 | 3.60 | 4.43 | 4.68 |18.10 | 7.52 | 8.43 | 5.43 | 3.43 | 2.27 | 2.27 | 2.27 | 8.02
13 | 3.60 [.-c... ..s0.4/12.10 | 6.18 | 3.18 | 4.10 | 8.10 | 2.68 | 2.10 |...... 6.18
14 | 3.60 | 4.27 | 4.85 | 9.10 | 5.60 | 3.18 | 8.18 |......[ 2.68 | 2.10 | 2.27 | 5.02
15 | 8.60 | 4.27 | 4.98 | 7.68 | 5.85 | 3.02 | 8.10 | 2.60 | 2.85 | 2.10 | 2.18 | 4.43
16 |.eoe..| 4.27 | 4.93 | 6.43 | 65.77 | 2.93 | 2.98 | 2.562 | 2.68 |...... 5.18 | 4.10
17 | 8.60 | 4.48 | 4.85 | 6.10 | 6.18 | 3.85 : 2.77 | 2.43 | 2.60 | 2.02 | 3.85 | 8.60
18 | 8.60 4.60 | 4.77 | 65.85 | 6.02 | 3.36 | 2.68 | 2.43 |......| 2.02 | 8.27 | 8.36
19 | 8.60 | 4.60 | 4.77 | 4.93 | 5.856 | 2.93 A 3.10 | 8.27 | 2.27 | 2.02 |......| 8.48
20 | 3.60 [eeeces|ooeces| 4.77 | 5.86 | 2.77 | 2.93 | 2.93 | 2.856 | 2.02 | 4.18 | 8.43
21 | 3.60 | 4.60 | 4.93 | 5.68 | 65.85 | 2.68 | 2.77 |-++...| 2.27 | 2.02 | 4.48 | 8.48
22 | 83.60 | 460 | 5.10 | 6.77 | 4.68 | 2.77 | 2.68 | 2.48 | 2.18 | 8.27 | 8.60 | 8.85
28 |[......[ 4.60 | 5.856 | 7.77 | 4.60 | 4.18 | 3.85 | 2.60 | 2.18 |......| 8.10 | B.98
24 | 8.77 | 4.60 | 4.86 (10.10 | 4.52 [14.02 | 6.18 | 3.68 |......| 2.52 | 8.02 | 4.10
26 | 5.27 | 4.60 | 4.85 |10.10 | 4.27 | 9.10 | 6.60 | 4.10 | 2.10 | 2.43 | 2.85 | 4.27
26 | 6.10 | 4.43 | 4.77 | 8.68 | 7.62 | 6.85 | 8.62 | 8.60 |...... 2.85 | 2.86 | 4.18
27 | 498 |eeeeesfeneess| 7.62 | 8.60 | 5.02 | 5.52 | 8.02 | 2.02 | 2.27 | 3.856 | 4.10
28 | 4.77 | 4.48 | 4,60 | 7.10 | 6.10 | 4.43 | 4.60 |......| 2.02 | 2.18 | 65.27 | 4.02
290 | 5.10 [+e..../ 4.68 | 7.68 | 7.10 | 4.02 | 4.10 | 2.60 | 2.02 | 2.18 | 5.98 | 4.52
80 fleeeeeefereenefaeeaee|11.77 | 6.60 | B.77 | 4.10 | 2.52 | 2,02 [......| 4.48 | 4.77
81 |710f.ccccdeeeeec]eeneed 6.27 foneece]enness] 2.2 |oeeee| 2.10 [..... | 4.68
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1888.

Day. Jan.!Feb. Mar.| Apr. | May.[June.||July.| Aug.| Sept.[ Oct. | Nov.
1 |.ecae.| 3.93 | 4.68 .......:12.93 5.85 |..e..0| 2.10 | 2.27 | 8.80 | 4.85
2 | b5.10 | 3.93 | 4.86 | 7.27 !10.60 5.68 | 3.10 | 2.43 | 2.85 | 4.10 | 4.35
8 |6.023.93(4.77| 7.10 | 8.18 |......| 2.93 | 2,10 | 2.52 | 4.27 | 4.27
4 | b5.77|8.98 |......| 6.77 | 8.10 | 4.60 | 2.85 | 2.02 | 2.27 | 3.85 | 5.48
5 5.48 |......| 4.80 | 8.60 | 6.85 | 4.27 | 2.60 |..... | 2.18 | 8.52 | 4.60
6 | b5.27 | 3.93 | 4.562 | 6.43 |......| 4.18 | 2.52 | 2.02 | 2.18 I 3.85 | 4.27
7 | 5.10 | 3.93 | 4.80 | 8.85 | 9.27 | 4.27 | 2.43 | 2.02 | 2.10 | 7.10 | 4.10
8 f.cc...| 4.02 [ 4.52 |......f 9.02 | 4.02 | .....[ 1.93 | 2.02 | 8.77 | 3.93
9 |4.98 | 4.02 | 4.43 | 65.98 | 9.10 | 8.88 | 2.27 | 2.10 | 4.88 | 5.18 | 4.18
10 | 4.77 | 8.983 | 4.52 | 5.60 [11.88 |eeeesefeues..| 2.43 | 8.85 | 4.60 | 7.52
11 | 4.68 | 3.93 |..... | 4.68 (11.27 | 8.27 | 2.27 | 2.10 | 8.10 | 4.18 | 7.10
12 | 4.48 |......[ 4.43 | 4.10 |11.35 | 8.18 | 2.60 |......| 2.85 | 4.02 | 5.85
18 | 4.27 | 3.93 | 4.43 | 4.60 |13.85 | 3.10 | 8.60 | 2.02 | 2.68 | 8.93 | 4.93
14 | 4.10 | 8.93 | 4.27 | 4.18 [12.43 | 2.93 | 3.88 | 4.10 | 2.68 | 4.35 | 4.52
16 |eee.-.| 4.10| 4.68 |......[ 9.68 | 2.98 |......| 3.86 | 2.62 | 4.18 | 4.27
18 | 4.48 | 4.10 | 4.77 | 3.93 | 8.10 | 3.18 | 2.77 | 2.77 | 2.43 | 4.02 | 5.86
17 | 4.27 | 4.10 | 4.77 | 4.18 | 7.27 |......| 2.80 | 2.52 | 2.85 | 8.85 | 5.18
18 | 4.27 | 4.10 |......| 4.60 | 6.43 | 2.85 | 2.562 | 8.60 | 4.02 | 5.27 | 4.86
19 | 4.10 |..... | 4.68 | 4.27 | 65.93 | 2.562 | 2.48 [..... | 6.18 | 4.52 | 4.10
20 | 4.10 | 4.10 | 4.68 | 4.93 | 6.85 | 2.62 | 2.43 | 2.60 | 4.36 | 4.356 | 5.80
21 |4.10 | 4.35| 4.86 | 4.60 | 7.02 | 2.562 | 2.52 | 2.85 | 4.02 | 4.80 | 4.27
22 Jeeeooo| 477 7.27 |0io oo .77 | 2.86 |.e....| 2.62 | 7.10 | 4.27 | 4.10
23 | 4.02 | 8.27 |11.02 | 4.86 | 5.88 | 2.02 | 2.27 | 8.80 | 5.27 | 4.02 | 8.52
24 | 4.02 | 6.77 | 7.62 | 4.98 | 6.86 |......| 2.18 | 2.98 | 4.85 | 8.77 | 8.77
256 |4.02 |5.85 |......| 4.43 | 6.48 | 6.80 | 2.18 | 2.60 | 3.85 | 5.52 | 3.85
26 | 4.02 |......| 7.10 | 4.93 | 6.85 | 5.77 | 2.10 |......| 8.52 | 4.60 | 8.80
27 | 4.86 | 6.27 | 6.77 | 5.77 |.+....| 65.10 | 2.10 | 2.43 | 7.85 | 4.18 | 4.98
28 [ 4.85 | 5.10 | 8.86 | 8.10 | 5.85 | 4.10 | 2.10 | 2.52 | 5.02 | 8.60 | 8.85
29 l......| 4.98 | 7.85 (12.85 | 8.93 | 3.60 |......| 2.35 | 4.18 | 8.85 | 5.88
80 |4.85......[10.85 [15.10 | 8.77 | 8.35 | 2.10 | 2.27 | 8.85 | 5.68 | 4.85
81 | 4.85 |ceeeee| 8.27 [ceeeee| 5.98 | oeene] 2,02 [ 2.18 [.eevel] 4277 |oennn.

Dec.

4.52
8.98
3.93
8.77
3.80
3.52
3.27
8.27
8.18
3.10
3.10
8.10
2.60
2.77
2.93
8.85
4.27
7.10
5.86
4.10
8.52
8.43
5.60
5.43
5.86
5.52
6.10
8.7
5.85
4.43
4.86
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1889,

Mny.|Juna.[July.

Day. |Jan.|Feb, | Mar.| Apr.
1 |8.35| 4.60 | 8.52 | 8.35 | 5.60
2 |3.35| 4.52 | 8.52 | 8.10 | 4.93
8 | 8.62 |veueeu|ienen.] 3.18 | 4.48
4 |8.27|4.278.528.18 4.8
6 |8.18 | 4.27 | 8.77 | 8.98 |suuens
6 |8.43 | 4.62 | 4.68 | 8.77 | 4.10
7 [8.85| 4.77 | 6.77 |......| 4.43
8 |5.77 | 4.48 | 5.93 | 4.77 | 4.43
9 |4.27| 4.43|6.27 [......| 4.43
10 |8.93|8.27 [......| 5.18 | 4.35
11 |5.52 | 4.10 | 4.60 | 4.98 | .27
12 {4.60 | 4.10 [ 4.27 | 5.85 [......
13 |8.68 | 4.10 | 4.27 | 6.27 | 3.48
14 |8.52 | 8.85 | 4.27 |[......| 8.48
16 |8.10 | 3.35 | 4.10 | 4.85 | 8.77
16 | 8.10 8.85 | 4.10 | 4.60 | 3.52
17 | 3.68 ..oeuufenen.. 518 | 3.35
18 | 6.86 | 8.85 | 4.60 | 5.93 | 8.27
19 | 4.10 | 3.85 [ 5.18 | 7.60 [......
20 |3.60 | 3.85 | 4.85 | 8.43 | 2.93
21 |8.27|8.68 | 4.02 | 7.85 | 4.02
22 |6.68 | 3.60 | 8.85 | 7.77 | 7.68
23 |5.85 | 8.60 | 4.18 | 5.43 | 5.60
24 [5.85 .evrfun...| 4.68 | 4.48
25 | 5.85 8.60 | 4.93 | 4.48 | 4.02
26 | 5.85 | 8.52 | 4.48 | 5.77 [......
27 | 6.27 | 3.52 | 8.77 | 6.98 | 3.52
28 | 5.10 | 8.52 | 8.52 | 7.43 | 8.85
20 [4.98 |......[8.77 | 8.27 | 8.43
80 | 4.60 |.....[ 8.77 | 6.60 | 8.10
81 [4.60 [veueee|eenns |oenns| 2,08

2.85 | 2.68
9.60  2.52
6.02 | 2.48
4.43 | 4.52
4.18 | 6.10
4.27 | 3.68
4.27 |oeeens
8.93 | 2.77
4.77 | 2.77
5.43 | 2.68
6.60 | 2.60
4.93 | 2.77
4.85 | 2.68
3.86 |eeeees
8.60 | 2.68
eeeses| 2.52
3.60 | 2.48
3.35 | 2.43
8.60 | 2 85
8.27 | 5.18
3.10 | 7.77
2.85 | 4.85

eeee.e 3.93
2.60 | 3.68
2.60 | 8.36
2.62 I 8.02
2.60 | 2.86
8.68 | 8.10
8.60 | 2.93
ceseesf 7.10
seeses| 6.35

Aug.|Sept.

4.85 l
7.93  1.93
5.27 | 2.02
4.83 | 1.77
4.27 | 1.77
4.27 | 1.77
8.77 | 2.27
3.27 |vueens
8.18 | 2.27
8.10 | 2.10
ceeees] 2,02
8.27 | 1.85
8.02 | 1.85
2.98 | 1.85
3.10 |......
8.35 | 2.18
8.10 | 2.27

eeeess 8.60
2.68 | 3.60
2.60 | 7.52
2.62 | 4.60
2.62 loouens
2.48 | 8.86
2.86 | 8.60
seeeesf 8.18
2.18 | 8.02
2.10 | 4.48
2.10 | 8.77
2.10 [eeenre
2.02 | 8.10
2.02 |eeuens

Oct.

8.10
6.60
5.62
4.48
4.02
6.43
8.356
5.60
4.52
4.27
8.93
8.52
3.356
8.18
3.10
8.02
2.93
2.68
2.68
2.60
2.60
2.60
2.52
8.27
4.27
4.10
2.60

Nov.| Dec.
8.43 |..v.en
8.10 | 8.48
eevses| 8.27
eeeees| 3.10
creese| 8.10
ee ase| 8.48
4.27 | 8.60
8.93 |....un
8.77 | 6.10
eessss| 8.60
8.62 | 5.60
8.35 | 6.68
8.27 | b.27
ceeaed 4.52
8.43 |......
8.10 | 4.10
veesss| 8.85
2.98 | 8.688
2.93 | 4.10
8.02 | 5.7
4.48 | 5.10
4.52 [eeeens
5.85 | 4.27
vesess| 4.10
8.98 | 8.88
8.60 | 8.77
3.48 | 8.77
3.43 | 8.48
4.60 eooeee
8.98 | 2.98
essees| 8.68
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1890.

Day. |Jan.| Feb.| Mar.| Apr.| May.|June.|July. Aug.|S8ept.| Oct. | Nov.| Dec.
1 -

1 |4.27|4.85| 6.68 | 4.43 | 6.98 |......| 2.60 | 2.48 | 5.52 | 8.18 | 8.52 | 2.77
2 | 4.77 |eeveee| eeees| 4.18 | 8.27 | 4.18 | 2.52 | 2.60 | 4.60 | 8.02 [......| 4.10
8 |6.10 | 4.60 | 5.60 | 8.98 | 6.68 | 3.93 ;' 2.60 |......| 4.02 | 2.98 | 8.60 | 8.77
4 |5.98 4.60 | 5.60 | 8.86 [......| 3.77 | 7.77 | 2.18 | 8.60 | 2.98 | 8.60 | 8.60
6 |e.e... 4.80 | 5.60 | 6.80 (10.27 | 4.43 | 4.77 | 2.10 | 8.85 |......| 8.85 | 4.10
6 |6.10 b5.27| 4.8 |......[10.10 | 5.60 |......| 2.02 | 8.18 | 8.85 | 8.18 | 4.10
7 |6.60 5.10 | 4.60 | 5.27 [12.60 | 5.18 | 8.85 | 2.98 |......[ 8.10 | 8.10 |......
8 |6.43|4.68|4.435.60 | 8.27 |..... | 8.18 | 2.85 | 8.02 | 8.27 | 8.10 | 8.77
9 | 7.0 |ceeeeefieeeeef 5.18 | 6.80 [o.....| 8.02 | 2.18 | 2.86 | 4.27 |......| 8.60
10 | 6.60 | 5.77 (4.43 | 4.98 | 5.93 | 4.02 | 8.02 |......| 8.60 | 8.85 | 8.48 | 8.53
11 |6.68 | 5.10 ( 4.43 | 65.68 | 7.68 | 3.77 | 2.77 | 2.10 | 8.18 | 3.60 | 8.93 | 8.52
12 f......| 4.85| 4.48 | 4.98 | 6.77 | 8.77 | 2.60 | 2.02 | 8.27 |......| 8.48 | 8.48
13 |6.93 | 1.85  4.77 |......| 5.77 [ 8.68 |......| 1.93 | 8.85 | 8.85 | 8.35 | 8.27
14 | 6.68 | 4.60 | 7.27 | 8.27 | 6.27 | 4.85 | 2.48 | 1.98 [11.60 | 8.138 | 8.18 |......
16 | 6.48 | 4.68 | 7.02 (10.86 | 7.10 eeeses 2.865 | 1.85 | 6.68 | 8.52 | 8.10 | 8.27
16 | 6.60 |..... [......| 8.10 | 6.60 | 4.02 | 8.48 | 1.85 | 5.85 | 8.93 |......| 8.27
17 | 6.43|5.85 | 5.48 | 7.10 | 6.18 | 8.60 | 2.85 |......[10.68 | 8.60 | 8.85 | 8.27
18 | 6.85 | 6.27 | 5.48 | 6.68 |......| 8.48 | 2.52 | 1.85 [10.02 |......| 5.85 | 8.85
19 |.ece..| 4.85 | 5.10 | 5.52 | 4.98  8.18 | 2.85 | 2.10 | 7.36 |+.....| 5.68 | 8.52
20 |6.27 | 4.60 | 4.77 [......| 7.43 | 8.10 |......| 2.27 | 5.80 | 7.60 | 4.77 | 8.10
21 | 6.02 | 4.27 [ 5.10 | 6.98 [12.10 | 2.93 | 2.85 | 2.85 [.cc...| 6.77 | 4.18 |......
22 | 6.02 | 4.27 | 65.562 | 6.02 | 8.77 [......| 2.27 | 2.52 | 4.27 | 5.85 | 8.85 | 8.10
28 | 6.77 |eoveeef <oeoe] 6.60 | 5.60 | 2.77 | 2.18 | 8.60 | 8.93 | 4.77 |......| 8.10
24 | 5.85 | 4.27 | 5.60 | 8.27 | 6.10 | 2.77 | 2.10 | 8.27 | 8.77 | 4.48 | 8.60 | 8.10
25 | 5.10 | 4.60 | 5.10 | 8.52 | .... | 8.10 | 2.10 | 5.85 | 8.60 | 4.48 | 8.48 8.10
26 I eese 5.48 | 5.10 | 6.77 | 4.85 | 8.85 | 4.60 | 4.02 | 8.85 |......| 8.85 | 8.10
27 | 5.27 |....eu] 5.10 |ee....| 8.48*( 8.02 |......[ 7.15t| 8.85 | 3.85 | 8.10 | 8.10
28 | 4.98 | 7.02 ( 4.85 | 6.10 | 8.68 | 8.02 | 8.10 | 9.86 [ceeree| 877 | 2.77 |eenrne
29 | 4.88 {......[4.43 | 6.10 | 6.48 |......| 2.60 | 5.52 | 3.856 | 8.60 | 2.77 | 8.10
80 6.10 |¢..0eifeeeees| 65.86 | 5.52 | 2.60 | 2.48 | 4.52 | 8.85 | 8.77 [......| 8.10
81 | 4.86 [+ecces| 448 [ceeeo.| 4.85 ceenes 2.85 |ceoeee|iecres]| 8,68 [c0vees] 8.10

11

*Highest for day, 11.60.
t Highest for day, 10.77.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1391.

ay. | Jan. | Feb.| Mar.| Apr.| May. June.|July.| Aug.|Sept. Oct.!Nov. Dec.
1 | 8.18 [eeeeesleseees] 5.48 | 4.98 Jl 2.85 ( 8.02 | 2.85 | 1.60 {......| 8.77
2 | 8.18 | 6.27 | 5.60 | 5.85 | 5.86 | 3.60 | 2.85 |......| 3.02 | 1.52 | 1.68 | 3.60
3 |8.35|4.98|65.48 | 65.10 |......| 3.43 | 2.27 | 8.27 | 2.98 | 1.52 | 1.77 | 8.43
4 |....../4.88 | 5.86 | 4.77 | 6.10 | 3.77 | 2.18 | 2.18 | 2.68 |......| 1.60 | 2.86
6 |(8.62|4.27 | 5.18 |.e.eo.| 5.18 | 4.43 |......| 2.10 | 2.52 | 1.60 | 1.48 | 7.10
6 | 8.52 | 4.27 | 5.10 | 4.18 | 4.60 | 8.60 | 2.85 | 2.02 |eeeeee| 1.52 { 1.98 | . cevee
7 | 3.43 | 4.43 | 5.02 | 4.10 | 4.18 |......] 2.77 | 2.86 | 8.35 | 1.52 | 1.43 | 4.10
8 | 848 |ccceeefeseeef 3.98 | 5.02 | o...o| 2.77 | 2.27 | 3.02 | 1.68 {+.....| 8.60
9 |[8.43 |4.85| 5.02 8.85 | 3.85 [eecces| 8B.52 [ee.eee| 2.68 | 2.18 | 1.60 | 8.10
10 | 8.43 | 4.86 | 5.86 | 8.27 |......| 2.77| 2.77 | 2.02 | 2.43 | 1.85 | 1.60 | 8.10
11 |......[ 4.43 ( 6.68 | 4.60 | 5.60 | 2.68 | 2.52 | 1.88 | 2.86 |......| 1.68 | 2.85
12 | 8.86 |......| 6.10 10.60 | 65.77 | 2.60 |......| 1.85 | 2.27 | 1.60 | 4.02 | 2.60
18 | 7.68 |......| 5.98 | 8.60 | 5.02 | 2.60 | 2.27 | 1.98 |.cezee| 1.60 | 8.10 [cecese
14 |(6.60 | 4.18 | 7.85 | 7.10 | 4.68 | .....| 2.10 | 2.02 | 2.10 | 1.68 | 2.60 | 2.60
16 | 6.77 |eeeecefeeccss| 8.60 | 4.60 | 2.43 | 2.02 | 1.85 | 2.10 | 1.77 |+eese.| 2.86
16 | 5.27 | 4.10 | 6.43 | 8.43 | 4.27 | 2.85 | 2.02 |......| 2.02 | 1.68 | 2.10 | 8.52
17 | 4.98 | 4.85 | 5.68 | 7.86 | 4.10 | 2.27 | 2.02 | 2.27 | 2.02 | 1.68 | 2.10 | 8.27
18 (......| 5.18 | 5.43 | 8.77 | 6.52 | 4.18 | 1.8, 2.18 | 1.98 |......| 5.60| 8.60
19 | 4.98 | 5.10 | 6.27 10.60 | 4.60 | 4.10 | 5.85 | 2.02 | 2.02 | 1.60 | 8.85 | 8.48
20 | 4.77 | 4.85 | 6.02 11.60 | 4.18 | 8.85 | 4.02 | 2.02 [eeeeee| 1.80 | 2.77 [cenese
21 | 4.52 | 4.43 | 4.85 l 9.10 | 4.18 |......| 2.93 | 1.85 | 1.93 | 2.02 | 2.77 | 8.86
22 | 4.62 [eeceeefeeeses] 8.10 | 5.68 | 2.77 | 2.85 | 4.02 | 1.83 | 2.48 |......| 8.18
23 | 7.48 | 4.60 |10.68 '10.10 | 5.10 [ 4.48 | 2.85 | .....| 1.86 | 2.10 [ 2.68 | 8.10
24 | 8.60 | 4.60 (13.52 10.68 |......| 3.52 | 2.18 | 8.18 | 1.85 | 1.85 | 8.27 | 5.27
26 |......| 4.68 [12.10 | 7.43 | 8.93 | 3.85 | 3.35 | 8.02 | 1.85 |......| 5.85 | 8.27
26 | 6.48 | 8.60 | 6.77 I 8.98 | 8.02 | .....[ 2.77 | 1.77 | 1.68 | 8.93 | 6.86
27 | 6.10 | 9.48 | 65.60 | 65.85 | 8.77 | 2.77 | 2.77 | 2.48 |eeevee| 1.77 | 8.52 |eeeues
28 | 5.60 | 7.85 | 65.86 | 5.60 | 8.52 |ee....| 2.48 | 8.85 | 1.68 | 1.68 | 8.27 | 4.60
29 | 5.85 |+eeeefeees..| 6.10 | 8.85 | 2.48 | 2.27 | 5.10 | 1.68 | 1.68 [......| 8.60
80 |6.18 |......| 6.10 | 5.10 | 4.52 | 2.48 | 2.86 |......| 1.60 | 1.68 | 8.85 | 8.10
81 | 5.10 feeeeee] 5:B0 |eoeer eeeeeefeaeess] 2,85 | 8.18 [eeeues] 1.60 | ve0ue| 6.85
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1892.

Day. |Jan. | Feb.| Mar.| Apr.| May.|June.|July.| Aug./Sept.| Oct. | Nov.| Dec.
1 |4.60|4.60 | 2.85|2.85 |......| 4.98 | 6.86 | 2.02 | 8.856 | 2.18 | 2.48 | 2.77
2 |4.62|4.43|2.86 | 8.62 | 8.48 | 4.52 | 4.93 |......[ 3.18 |......[ 2.86 | 2.85
8 [14.10 | 4.27 [ 2.85 |<<e0e| 8.93 | 4.18 |.eeuee] oo-eo| 2.85 | 2.02 | 2.62 | 2.86
4 |7.48 | 4.02 | 2.60 | 7.10 | 5.85 | 3.98 | 8.856 | 1.93 |....co| 2.10 | 4.48 [ieunnn
5 |6.85|3.85|2.562 | 7.27 | 6.60 |......| 6.86 | 2.02 | 2.52 | 2.48 | 2.85 | 2.45
6 | 4.86| 8.52 |eeeees| 7.10 [ 4.68 | 4.48 | 5.02 | 2.27 | 2.48 | 2.27 [+.....| 2.10
7 | 4.27|......[2.27|8.85 | 4.16 | 4.18 | 4.48 |......| 2.60 | 2.10 | 8.10 | 2.60
8 |8.85|83.85 | 2.27 | 5.77 [eevc.| 4.10 | 4.86 | 1.60 | 2.48 | 2.18 | 8.10 | 2.52
9 |8.48|8.865|2.35 | 5.85 | 8.48 | 8.60 | 8.68 | 1.77 | 2.86 [s.+...| 5.68 | 2.48

10 feeeces| 8.836 [ 2.85 |eeeces| 848 [ceveee]eeeaas| 2.02 | 2.18 | 2,27 | 4.10 | 2.68
11 | 4.60 | 8.27 | 8.98 | 4.27 | 8.48 | 8.10 | 8.85 | 2.02 l...... 2.18 | 8.86 [secese
12 | 4.77 | 8.27 | 3.62 | 8.85 | 65.10 |......| 8.10 | 2.85 ! 2.02 | 2.10 | 8.85 | 2.36
18 | 4.85 | 3.10 [+oe...| 8.48 | 6.02 | 2.85 | 2.83 | 4.48 | 2.02 | «vevefuenans| 2.27
14 | 9.52 |......| 8.48 | 8.85 | 5.10 | 2 68 | 2.68 ]| 2.02 [......] 8.10 | 2.10
16 |11.10 | 3.27 | 8.10 | 8.18 (......| 2.60 | 2.60 | 3.43 ' 8.85 |......| 8.10 | 2.86
16 | 5.60 | 3.10 | 2.60 | 8.10 | 6.10 | 2.60 | 2.52 | 2.85 | 8.52 |......| 8.60 | 2.18
17 fevees. 8.27 | 2.85 |eeeeee| 6.35 | 2,52 [eeeses| 2.52 : 8.562 [..0...|11.85 | 2.10
‘18 | 4.27 | 8.10 | 2.35 | 2.93 | 4.60 | 2.27 | 2.27 | 2.27 [T ceseee| 7210 |aeenen
19 | 4.27 | 3.10 | 2.18 | 2.85 | 4.10 |......| 2.86 | 2.10 l 2.77 [.eee.] 9,10 | 2.10
‘20 | 4.48 [..e00ef ov00.) 2.86 | 8.77 | 2.68 | 2.27 | 8.10  2.60 | 2.86 |......| 2.02
21 |8.77 |.+....| 1.86 | 2.86 | 4.18 | 8.85 | 2.10 |......' 2.60 | 2.48 | 4.85 | 1.85
22 | 8.60 | 3.10 | 2.10 | 8.27 | 6.10 | 8.85 | 2.10 | 2.85 : 2.52 | 2.43 | 4.48 | 1.77
23 | 3.60 | 3.10 | 1.93 ! 4.60 | 6.48 | 2.98 | 2.02 | 2.48 | 2.85 |......[ 4.02 | 1.68
24 [ee....| 8.48 | 2.02 |eeeees| 7.62 | 2.68 [o0ee.o| 2.18 l 2.27 [ 2.02 | 8.43 |.eenee
25 |8.43 | 3.35 | 2.10 | 3.85 | 5.86 | 8.85 | 2.02 | 2.10 l...... 8.48f| 8.39 | 1.68
26 | 8.77 | 8.27 | 1.85 | 8.562 | 65.60 | 7.562 | 2.02 | 5.85 | 2.18 | 2.18 |......| 1.52
27 | 4.680 |ceecee]ecesss| 8.18 | 5.10 | 6.10 | 2.02 | 5.85 | 8.02 |eeeeee|eccncc|sasnnn
28 | 4.60 |......| 2.48 | 8.10 | 6.85 | 9.10% 1.85 | 7.10 | 2.85 | 2.18 | 8.02 | 1.48
29 |4.85| 8.02 | 2.60 | 4.68 |......[ 8.62 | 1.85 | 4.85 | 2.48 [ 2.10 | 2.85 | 1.85
80 | 6.10 |......| 2.62 | 4.18 | 4.60 | 5.27 [ 2.10 | 8.85 | 2.27 |......| 2.85 | 1.85
8l |evecnefvensas| 2.80 |seceas 585 |eeecec]enaces| 8.85 I...... 2.60 |eveees| 1.86

$Highest for day, 11.10.
t Highest for day, 4.98.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET

Day. |Jan. | Feb.|Mar.| Apr. [May.|June.July.| Aug. Sept.| Oct. |Nov.| Dec.
1 |eeese. 1.43 | 2.02 | 3.60 | 7.10 | 8.184 | 2.10 | 1.60 | 8.18 |......| B.85 | 8.52
2 | 2.80 [1.60 | 2.02 [......| 6.85 | 3.10 |......| 1.85 | 2.85 | 2.02 | 3.43 | 2.85
3 [8.18|1.62|1.85| 4.10 | 6.85 | 8.02 | 2.10 | 1.77 [ceeces| 1.98 | 6.27 [ceucee
4 [8.10|1.48 |1.85|4.02 | 7.48 |......| 2.02 | 1.68 | 2.85 | 1.93 | 8.10 | 8.85
5 |[8.10 |ceeeecfesacas| 4.10 (12.48 | 8.02 | 1.98 | 1.80 | 2.27 | 1.85 |.u.-e 4.10
6 |2.60 1.48 (1.85( 4.85 | 8.48 | 2.85 | 2.02 |......| 2.18 | 1.93 | 2.85 | 4.60
7 |2.27/1.48 (1.85| 4.85 |......| 2.85 | 1.93 | 1.60 | 2.10 | 1.86 | 2.77 | 4.60
8 [eecee. 1.43 | 1.865 | 4.60 | 7.10 | 2.60 | 1.98 | 2.93 | 2.85 |+.....| 2.60 | 4.85
9 |1.85 1.43 | 1.85 |e<-.o| 7.10 | 2.60 | 1.85 | 2.62 | 2.93 | 2.48 | 2.43 | 4.10
10 |1.68 | 1.43 [ 2.02 | 6.85 | 7.48 |.ceene| 1.77 | 2.02 [=cvcc| 2.27 | 2.48 [cceees
11 |1.68 | 2.85|1.85| 6.10 | 9.86 |......[ 1.77 | 1.68 | 2.18 | 2.10 | 2.48 | 8.85
12 [1.62 |ceceeefeece..| 6.60 |10.60 | 4.85 | 1.77 | 1.60 | 2.02 | 2.02 |......| 8.60
18 |[1.52 | 4.10 | 4.27 | 7.48 |10.68 | 8.86 | 1.77 |...... 1.98 | 1.85 | 2.85 | 8.60
14 (1.52 8.8 | 6.43 | 6.85 |......[ 8.18 | 1.60 | 1.60 | 1.85 | 2.02 | 2.27 | 8.86
156 [+se...| 3.85 | 6.10 | 6.68 | 8.52 | 2.86 | 1.52 | 1.52 | 1.85 | 7.10 | 2.85 | 8.10
16 |1.43  4.10 | 5.27 |¢eee-.| 7.48 | 8.18 |......| 1.52 | 2.48 | 4.48 | 2.10 | B8.43
17 | 1.48 | 8.77 | 5.27 | 4.60 |10.98*| 2.85 | 1.52 | 1.52 [.«sc..| 8.85 | 2.10 [cc.cee
18 |1.43 8.60 | 5.27 | 4.27 |10.85 |......| 1.60 | 1.52 | 8.60 | 3.02 | 2.10 | 8.85
19 |1.48|ceeenefoese..| 4.0 | 7.68 | 2.52 | 1.68 | 1.98 | 3.10 | 2.85 |......| 8.60
20 |1.48  8.52 | 4.85 | 4.27 | 6.85 | 2.86 | 1.62 |......| 2.85 | 2.60 | 2.18 | 8.52
21 1.43 | 2.85 [ 4.60 | 4.48 |......| 2.52 | 1.52 | 1.98 | 2.52 | 2.52 | 2.02 | 8.48
22 |[....../ 3.10 | 4.43 | 4.10 | 6.85 | 2.18 | 1.52 | 1.85 | 2.85 |<.....| 2.10 | 8.48
23 |1.48 2.68 | 4.27 [......| 6.02 | 2.10 |......| 2.18 | 2.85 | 2.48 | 2.85 | 8.35
24 |1.43| 2.43 | 4.02 | 4.68 | 6.60 | 2.60 | 1.85 | 2.02 |......| 5.48}| 2.60 [.....0
25 |1.48! 2.10 | 4.10 | 6.52 | 5.86 |+-....| 1.77 | 4.10 | 2.10 | 6.60 | 2.27 | 8.10
26 | 1.48 [ceeese|eee...| 4.85 | 4.856 | 2.68 | 1.60 | 8.60 | 2.10 | 4.48 |..... .| 8.80
27 |1.48| 2.10 | 4.60 | 5.85 | 4.85 | 2.48 | 1.60 |......| 2.48 | 8.60 | 2.10 | 8.86
28 | 1.48 | 2.10 | 4.48 | 4.60 |......| 2.85 | 1.88 | 2.48 | 2.27 | 7.76%| 2.856 | 8.85
20 |eeeee [4eee..| 4.02 | 6.85 | 8.85 | 2.18 | 1.68 | 2.27 | 2.10 | 7.48 | 5.85 | 8.18
80 1.48 |eeeses| 4.10 [eeee..| 8.60 | 2.10 |......| 7.48 | 2.10 | 5.10 | 4.85 | 8.10
81 [ 1.48 |.eeeee| BB5 |eeecee| 852 | ceeee| 1.60 | 4.10 |cceece| 4.10 [aeecccs]esiaen

*Highest for day, 18.60.
t Highest for day, 8.10.
1 Highest for day, 10.10.

-
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1804.

Day. | Jan. | Feb. | Mar.| Apr. [May./June.|July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 |8.108.10 (8.18 |. ....| 4.68 | 4.68 |eesc..| 1.62 | 1.48 | 1.68 | 8.60 | 2.86
2 |8.10 8.10 | 8.10 | 4.60 | 65.60 | 4.60 | 2.48 | 1.62 |+ccc.o| 1.68 | 8.48 |.ec0n
8 |(8.10 | 8.10 | 8.86 | 8.68 | 6.10 | 7.10 | 2.48 | 1.60 | 1.48 | 1.68 | 2.85 | 2.68
4 |8.02 |ccevecfeee...| 8.60 | 5.18 ( 5.85 | 2.68 | 1.86 | 1.48 | 1.68 | 6.10 | 2.68
5 |8.10 | 8.10 | 8.60 | 8.48 | 4.62 ( 4.48 | 2.62 |......| 1.48 | 1.86 | 4.48 | 2.68
6 |8.43 | 8.10 | 8.86 | 8.68 |......[ 4.18 | 2.62 | 1.62 | 1.48 ]'1.86 | 8.85 | 2.68
7 |eeee..| 8.0 | 5.10 | 8.60 | 4.68 ( 8.98 | 2.68 | 1.62 | 1.48 [......| 8.27 | 2.68
8 |8.86|8.10 | 7.62 | «ev+o| 4.68 | 8.60 |oc....| 1.48 | 1.48 | 1.68 | 8.10 | 2.48
9 |8.29|8.10 | 7.48 | 8.85 | 4.60 | 8.856 | 2.562 | 1.48 [cvcecs| 1,68 | 2.65 |eeecen
10 |(8.10 | 8.10 | 6.60 | 8.66 | 8.68 |ce....| 2.48 | 1.48 | 1.48 | 1.86 |26.77 | 2.27
11 [ 8.10 |.eeseefeesees| 8.85 | B.27 | 2.85 | 2.27 | 1.48 | 6.98 | 8.60 |ecsc.s| 2.86
12 | 8.02 | 8.10 | 6.68 | 8.10 | 8.18 | 2.562 | 2.18 |......| 2.98 | 8.18 | 2.60 | 2.85
18 | 2.86|8.10 | 7.10 | 8.48 |......| 2.60 | 2.10 | 1.60 | 2.18 | 2.86 | 2.85 | 6.80
14 |......| 8.10 | 6.86 | 8.68 | 2.85 | 2.62 | 2.85 | 1.62 | 1.98 | 4.60 | 2.60 | 6.18
16 | 2.86)8.10 | 5.86 |<ce...| 2.85 | 2.48 |......| 1.62 | 1.68 | 8.85 | 2.62 | 4.85
16 | 8.10 | 8.10 | 5.14 | 4.85 | 2.68 | 2.85 | 2.27 | 1.60 [ceceee| 8.10 | 2.85 [ceveen
17 | 8.10 | 8.10 | 5.02 | 6.48 | 2.60 |......| 2.10 | 1.60 | 1.60 | 2.85 | 2.48 | 4.10
18 | 8.10 [eeececfeess.sf 6.20 | 2.62 | 2.27 | 2.02 | 1.60 | 1.52 | 8.10 |......| 8.80
19 (8.10|8.48 | 4.02 | 6.43 | 2.77 | 8.10 | 1.86 | +....| 1.48 | 2.77 | 2.60 | 8.48
20 | 8.10 | 8.60 | 7.02 | 7.10 |¢e...- 4.48 | 1.77 | 1.68 | 1.62 | 2.52 | 2.10 | 8.80
21 |<.....| 8.60 | 5.60 | 8.43 | 8.48 | 3.18 | 1.68 | 1.68 | 6.02 |......| 2.27 | 8.86
22 | 8.10 | 8.48 | 4.86 (18.10 | 8.10 | 8.18 |......[ 1.60 | 8.60 | 2.85 | 2.43 | 8.68
28 | 8.10 | 8.48 | 65.18 |10.10 | 2.86 | 2.85 [ 1.68 | 1.62 |secave| 2.27 | 2.85 |sesees
24 |8.10 | 3.10 | 4.62 | 8.60 | 2.86 [......[ 1.68 | 1.62 | 2.85 | 2.18 | 2.48 | 2.02
26 | 8.27 |[eeeee |seses | 7.85|8.10|2.48 | 1.85 | 1.48 | 2.18 | 2.18 [......| 8.10
26 | 8.77 | 2.98 | 8.86 | 6.48 | 4.18 | 2.27 | 1.77 [cc.e.of 2.02 | 2.10 | 2.85 | 8.10
27 | 8.77 | 3.10 | 8.48 | 5.85 |...s..[ 2.62 | 1.68 | 1.48 | 1.98 | 2.10 | 2.10 | 8.02
28 |......| 8.27 )| 8.86| 6.10 | 8.85 | 2.48 | 1.60 | 1.43 | 1.86 |......| 2.27 | 8.02
29 | 8.85 |eeeces| 8.10 |ee0ese[11.27 | 2.60 |+es.0.| 1.48 | 1.86 | 2.10 | 2.60 | 2.85
80 [ 8.85 [ceceee B.10 | 4.98 | 9.60 | 2.52 | 1.62 | 1.43 |secsee]| 2.02 | 2.68 |couces
8l [eeeceelescoas| B.20 [eecese| 5.60 |cocae | 1.62 | 1.48 [cecese| 2.02 [coeees| 8.10
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1895.

Day. |Jan. | Feb.| Mar.| Apr.|May.|June.|July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 |8.10 | 2.77 | 2.48 | 2.10( 6.02 | 8.18 | 2.562 | 2.86 |eeeees| 4.18 | 2.85 |veaane
2 |8.10| 2.68 | 2.43 | 2.10 | 5.27 |......| 2.85 | 2.16 | 2.85 | 2.983 | 8.85 | 8.48.
8 | 8.10 |eececefevsacs 2.10 | 5.18 | 2.85 | 2.85 | 2.10 | 2.10 | 2.48 [..c...| 7.85-
4 | 2.86 | 2.68 | 2.62 | 2.18 | 6.10 | 2.27 | 2.27 |.s....| 1.98 | 2.27 | 2.68 | 4.60-
5 | 2.86| 2.68 | 2.62 | 2.10 |......| 8.02 | 2.10 | 2.85 | 1.86 | 2.18 | 2.62 | 4.18.
6 |-ee...| 2.60r| 2.48 | 2.10 | 5.86 | 8.16 | 2.02 | 2.62 | 1.85 [<...-.| 2.0 | 8.86-
7 |2.856|2.60 | 2.48 |......| 5.48 | 8.85 [ve....| 2.18 | 1.77 | 2.02 | 2.60 | B8.52
8 | 2.86| 2.48 | 2.43 | 2.86 | 4.85 | 8.27 | 2.27 | 2.10 |......| 2.02 | 2.98 [......
9 | 2.85|2,43|2.48 |(5.68 | 4.93 |.eccsef 2.10 | 2.10 | 1.77 | 2.10 | 8.10 | 8.85.
10 | 2.85 [cevece|oces.o[18.62 | 4.48 | 2.77 | 2.18 | 1.88 | 1.77 | 2.02 | 6.60 | 8.60-
11 | 2.85 | 2.43 | 2.48 | 8.85 | 8.10 | 2.60 | 2.18 |+.....[ 1.68 | 1.98 | 6.18 | 4.85-
12 | 8.18 | 2.62 | 2.48 | 56.86 |-.....| 2.62 | 2.02 | 1.85 | 1.98 | 1.93 | 4.02 | 4.85.
18 |»es»../ 2.62 | 2.43 | 5.86 | 7.10 | 2.48 | 1.93 | 8.18 | 2.60 |......| 2.48 | 4.85
14 | 8.60 | 2.62 | 2.48 |20.10 | 4.86 | 8.18 |......| 2.356 | 2.02 | 4.27 | 8.18 | 4.48-
16 | 8.43 | 2.62 | 2.27 (26.10 | 4.27 | 8.10 | 2.18 | 2.18 |...0.o| 4.02 | 8.02 |eveeee.
16 | 8.27 | 2.52 | 2.27 (10.81 | 4.02 | .....[ 2.10 | 2.02 | 1.77 | 8.10 | 5.85 | 4.18
17 | 8.18 |ceeeesfeeeses| 7.86 | 4.02 | 2.52 | 2.10 | 1.85 | 1.85 | 2.77 |ccc..s| 8.68-
18 |8.10 | 2.52 | 2.10 | 7.85 | 8.60 | 2.86 | 2.02 |......| 1.85 | 2.68 | 8.85 | 8.48
19 | 2.02 | 2.52 | 2.10 | 7.85 |++e..s 2.27 | 1.83 | 8.10 | 1.77 | 2.52 | 8.48 | 8.48
20 |e.....l 2.62 | 2.10 | 7.85 | 8.27 | 2.27 | 1.85 | 2.48 | 1.77 |......| 8.48 | 8.60-
21 | 2.85| 2.52 | 2.10 |......| 8.10 | 2.10 |......| 2.18 | 1.77 | 2.85 | 5.18 | 8.60
22 | 2.85|2.52 | 2.10 | 7.85 | 8.02 | 2.86 | 1.77 | 2.02 |......| 2.27 | 4.10 | 10.10:
23 | 2.85|2.48| 2.10 | 7.10 | 2.85 |e«.v..| 1.85 | 1.98 | 1.68 | 2.27 | 8.60 | 6.60
24 | 2.85 [¢esces|eeeeqe 6.60 | 2.77 | 2.08 | 1.68 | 1.85 | 1.68 | 2.18 [......| 4.68-
26 | 2.862.48 | 2.10 | 6.10 | 2.68 | 2.98 | 1.68 |......| 1.68 | 2.18 | 8.85 | 4.10
26 | 2.68 | 2.43 | 2.10 | 7.10 [++ss..| 2.48 | 1.68 | 1.77 | 1.68 | 2.10 | 8.68 | 8.68.
27 [iee...| 2.48 | 2.10 | 6.10 | 2.60 | 2.60 | 1.68 | 1.77 | 1.60 |+...0.|11.10 | *7.64
28 | 2.85 | 2.85 | 2.10 |eec.e.| 8.85 | 2.60 |ese...| 1.77 [ 1.60 | 2.02 | 6.60 | 6.85
29 | 2.86 [seeves| 2.10 | 5.43 | 4.60 | 2.983 | 2.60 | 1.85 [veeeos| 2.10 [ 5.10 fececee
80 |2.85 |sesees 2.10 | 6.85 | 8.98 [..s.ae| 2.27 | 2.62 | 2.18 | 2.10 | 4.48 | 4.10"
81 | 2.85 |-eecesfsnscsa|oscess| 8.48 [ceeeee| 2,18 | 2.85 [eeenes| 2,10 |oe0...[t10.02

* Highest for day, 10.48.
t Highest for day, 18.60.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1806.

Day. | Jan.|Feb.| Mar.| Apr. | May. June.|July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 ' 7.94 I 2.86 |[21.10 6.18 | 4.86 | 8.27 | 1.77 | 2.10 | 1.86 | 8.48 |......| 4.52
2 | 6.86 ......'15.85 4.86 | 4.18 | 2.93 | 1.77 | .....| 1.86 | 2.86 | 8.18 | 8.85
8 | 4.77 2.8 | 7.48 | 4.10 |.....s| 2.77 | 1.68 | 2.02 | 1.85 | 8.10 | 8.10 | 8.85
4 | 4,18 | 2.85 F 6.85 | 8.85 | 4.60 | 2.60 | 1.60 | 2.02 | 1.98 |......[ 2.86 | 8.10
6 |-.....! 2,86 |6.60 |......| 4.60 | 2.48 |......| 1.86 | 2.48 | 2.60 | 2.98 | 8.48
6 | 4.60 | 2.85 | 6.60 | 8.36 | 4.68 | 2.85 | 2.68 | 2.62 |<ses..| 2.48 [18.60 |.c000.
7 | 4.62 | 6.98*% 6.85 | 8.85 | 4.10 | .....| 2.18 | 2.98 | 7.10 | 2.85 | 7.86 | 8.86
8 J 4.86 | 6.77 |.+..-.[ 8.10 | 8.85 | 2.60 | 2.10 | 2.68 | 4.10 | 2.68 [+c..s.| 8.10
9 | 4.8 |......| 6.85 | 8.85 | 8.60 | 8.10 | 2.18 |......| 8.18 | 8.02 | 6.52 | 2.88
10 | 4.86 | 3.60 | 4.85 | 4.85 |......| 8.68 | 2.02 | 2.10 | 2.86 | 2.88 | 4.52 | 8.10
1 ‘ 4.86 | 4.10 | 8.86 | 4.48 | 8.85 | 8.68 | 1.86 | 2.02 | 2.68 |......| 4.10 | 8.10
12 |......| 8.85 | 8.86 |+-...<| 8.86 | 8.18 [..... | 1.88 | 2.48 | 2.48 | 8.85 l 8.18
18 | 8.68 | 8.86 ‘ 8.60 | 6.80 | 8.48 | 8.10 | 1.68 | 1.86 [..... | 2.86 | 8.85 r......
14 | 8.85 | 8.85 | 8 60 (10.68 | 8.18 |......| 1.88 | 1.77 | 4.10 | 2.93 | 8.86 [ 2.86
16 i 8.86 | 8.60 |......| 8.85 | 8.10 | 2.60 | 1.68 | 2.562 | 8.18 | 65.77 |ecsses! 2.86

16 i 8.88 |ceeeee 12.10 | 2.98 | 2.68 | 1.88 [cce00e| 2.77 | 4.10 | 8.86 |} 2.48
17 | 8.68 | 8.86 J 8.48 (18.10 |......| 2.52 | 1.68 | 2.10 | 2.52 | 8.48 | 8.27 | 2.60
18 ' 8.62 | 8.85 | 8.86 (11.86 | 2.77 | 2.48 | 1.68 | 2.60 | 2.85 |......| 8.10 ‘ 2.62
19 [......| 8.18 ‘ 8.27 |iavues| 2,77 | 2.48 |......| 2.18 | 8.02 | 8.10 | 8.18 ’ 2.562
20 r 8.86 | 8.18 | 8.68 (10.10 | 2.77 | 2.48 | 1.60 | 2.10 | 6.60 | 8.10 | 8.10 |cc.uee
21 i 8.85 | 8.18 ‘ 7.10 | 9.02 | 2.77 |......| 65.27 | 1.88 | 4.48 | 8.10 | 8.10 | 2.86
22 |8.18 | 8.10 |......| 7.10 | 2.60 | 2,10 | 8.77 | 1.85 | 8.48 | 9.60 ......|I 2.60
23 |8.10 |......| 4.48 | 6.60 | 2.60 | 2.18 | 2.85 |..... | 8.10 | 5.60 | 8.10 | 2.60
24 |8.10 | 8.10 | 8.86 | 5.62 |......| 2.02 | 2.62 | 8.85 | 2.85 | 4.68 | 8.02 | 2.52
25 '2.85 8.10 | 8.60 | 5.86 | 2.48 | 1.98 | 2.86 | 2.85 | 2.68 |+»... .| 8.10 | 2.27
26 l ecees| 8.10 | 8.52 |ceeess| 2.48 | 2.02 |......| 2.43 | 2.60 | 4.27 | 8.10 | 2.27
27 : 8.10 | 8.10 | 4.86 | 4.68 | 2.86 | 1.85 | 2.02 | 2.10 [.eceeef 4.02 [ 8.86 [ceeees
28 |8.10 | .8.10 | 6.62 | 4.86 | 2.68 |....--| 2.10 | 2.10 | 2.85 | 8.68 | 8.50 | 2.86
29 |2.98 | 8.10 |......| 4.60 | 2.60 | 1.77 | 2.27 | 2.10 | 2.86 | 8.48 [......| 2.85
80 | 2.85 |......| 8.86|4.85|8.85 | 1.77 | 2.10 |......| 2.86 | 8.88 | 8.60 | 2.85
81 |z.35 teeeee] 460 [eeeneefoenienfenrnns] 2,10 | 1.86 [-.euo.| 8.60 [ovense| 2.86

* Highest for day, 7.10.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1891.

Day. | Jan. | Feb. | Mar.| Apr. |[May.|June.|July.| Aug.|Bept.| Oct. | Nov.| Dec.
1 |2.85(2.85|2.86 | 4.48 | 7.10 | 8.85 | 5.10 |..c...| 2.02 | 1.68 | 1.68 | 8.60
2 | 2.85 | 2.85| 2.85 | 4.86 |evce..| 8.43 | 8.85 | 8.10 | 1.98 | 1.68 | 2.18 | 8.48
8 |+.....[2.85|8.02 | 5.80 | 8.43 | 8.85 | 8.85 | 2.98 | 1.85 [-.....| 8.85 | 8.18
4 |2.10 |2.85|8.10 |.....<| 8.86 | 8.43 |......| 2.68 | 1.85 | 1.52 | 4.48 | 8.10
6 | 2.562|2.85(8.10 | 4.80 | 8.60 | 4.10 | 2.86 | 2.68 |.cecv.| 1.80 | 8.52 [cecues
6 |8.43 | 2.865| 8.85 | 5.85 | 6.02 |......| 2.68 | 2.60 | 1.85 | 1.60 | 8.10 | 5.80
7 | 7.10 [ eeeee]eseses| 7.10 | 5.85 | 8.85 | 4.43 | 2.80 | 1.77 | 1.80 |......| 4.85
8 |8.10 | 5.85 | 8.52 | 7.10 | 4.52 | 8.48 | 8.85 |..... | 1.77 | 1.52 | 2.85 | 4.10
9 | 6.10 | 6.27 | 8.562 | 8.48 | .....| 8.85 | 8.10 | 2.86 | 1.68 | 1.52 | 2.88 | 4.10
10 [.e....| 4.85 | 3.48 | 5.85 | 4.10 |10.84*| 2.52 | 2.80 | 1.77 |.c«...| 4.60 | 8.85
11 | 4.85 | 4.27 | 8.52 |«+c...| 4.85 [10.10 |......| 2.48 | 1.60 | 1.52 | 8.68 | 3.60
12 | 4.68 | 8.85 | 4.10 | 4.18 | 4.52 | 6.60 | 2.52 | 2.80 |+evse.| 1.80 | 8.18 |eeeee
18 | 4.27 | 8.60 | 4.52 | 4.88 | 6.88 |..... | 8.85 | 2.52 | 1.88 | 4.80 | 8.18 | 8.10
14 | 8.48 |secceefenrees| 4.68 (14.85 | 5.10 (14.10 | 2.48 | 1.68 | 2.85 |eece..| 4.85
16 | 8.18 | 8.52 | 8.86 | 5.98 | 8.10 | 4.85 (18.85 (..... | 1.68 | 2.85 | 2.88 | 8.85
18 | 8.85 | 8.85 | 83.60 | 9.80 |......| 4.35 | 8.88 | 2.10 | 1.88 | 2.18 | 2.77 [12.10
17 |eeev..| 8,85 8.85 | 9.10 | 5.18 | 8.85 | 8.48 | 2.80 | 1.68 |......| 4.52 | 7.10
18 |8.85|8.10 | 8.43 | .....[] 4.80 | 8.80 |......| 8.85 | 1.88 | 2.48 | 4.10 | 5.48
19 |8.86 | 8.18 | 8.48 | 7.85 | 4.42 | 8.85 | 4.60 | 2.85 [eecv.s[ 2.85 | 8.48 |.0.e.n
20 |2.86(8.10( 8.85| 7.10 | 8.85 |......| 4.10 | 2.80 | 1.88 | 2.02 | 8.27 | 8.48
21 | 2.80 [eeccsefeceseel 5.88 | 8.80 | 4.48 | 8.85 | 2.88 | 2.02 | 2.02 [.cs..o| 5.86
22 | 2.80 | 8.10 | 8.77 | 5.18 | 8.856 | 3.88 | 8.86 |......| 2,18 | 1.85 | 8.85 | 5.80
23 | 2.85|8.10| 4.10 | 5.86 |......| 8.85 | 4.88 | 2.85 | 2.02 | 1.85 | 2.85 | 5.80
24 |eee...| 8.10 | 5.85 | 8.60 | 8.86 | 8.10 | 6.02 | 2.10 | 1.86 [ees...| 2.60 | 5.48
26 | 2.85|8.18)| 5.85 |+veecs| 8.865 | 5.86 |<.....| 2.85 | 1.856 | 1.77 | 2.48 | 5.10
28 | 2.85 | 8.18 | 4.86 |10.85 | 6.10 | 8.68 | 6.10 | 2.88 |eeeces| 1.77 | 2.85 [ceceee
27 | 2.86 | 8.18 | 4.85 | 8.85 | 4.80 |......| 4.88 | 2.85 | 1.85 | 1.68 | 8.44}| 6.10
28 | 2.85 | +cosefaaesss| 8.60 | 4.85 | 2.85 | 4.02 | 2.48 | 2.02 | 1.68 |ccec. | 4.85
29 | 2.86 |+eee..| 8.60 | 6.10 | 5.68 | 2.85 | 8.86 |......| 1.85 | 1.68 | 4.80 | 4.68
80 | 2.85 |eveese| B.77 | 5.9 |eceeos| 2.85 | 8.80 | 2.10 | 1.68 | 1.68 | 4.27 | 4.85
81 |eecsacfononas| 4.85 [eoeeee| 4.48 [ceeees| 8.8 | 2.10 |ceveee|ecsanafsoeces| 4.85

* Highest for day, 12.48.
t Highest for day, 7.62.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1898.

Day. | Jan. | Feb. | Mar.| Apr. |[May.|June.|{July.| Aug.|S8ept.| Oct. | Nov.| Dec.
1 |4.10 | 2.68 | 2.68 | 6.86 |......| 8.86 | 2.562 | 1.48 | 1.60 | 2.02 | 8.18 | 2.85
2 [eeec..| 2.68 | 2.88 | 6.10 | 5.27 | 8.60 | 2.48 | 1.68 | 1.62 [......| 8.02 | 8.02
8 |8.68|2.62|2.68 |......[ 65.18 | 8.48 [......| 2.10 | 1.52 | 1.85 | 2.85 | 2.86
4 |8.43|2.62|2.68|8.98 (4.98 | 8.18 | 2.85 | 1.85 |[cccccs 1.86 | 2.88 [ccceee
6 |8.10 | 2.62 | 2.68 | 4.10 | 4.85 |......| 2.10 | 1.85 | 1.68 | 1.93 | 2.60 | 2.60
6 |8.10 |cecece|eseso.| B.85 | 5.18 | 8.02 | 2.10 | 2.52 | 1.77 | 2.10 |......[ 2.98
7 |8.10 | 2.62 | 2.68 | 8.77 | 6.02 | 2.85 | 2.10 |......| 1.68 | 2.27 | 2.85 | 2.85
8 |8.10 | 2.562 | 2.68 | 8.60 (......| 2.856 | 1.98 | 1.85 | 1.98 | 2.10 | 2.86 | 25.17
9 |eee..[ 2.80 | 2.85  3.86 | 4.60 | 2.86 | 1.93 | 1.86 | 2.02 |.e.c0.| 2.60 [ 2.48
10 | 8.10 | 2.60 | 2.85 (......( 4.85 | 8.18 |......| 1.86 | 1.77 | 2.18 | 2.62 | 2.86
11 (8.10|2.86|2.86 | 4.68 | 4.86 | 2.77 | 1.66 | 1.68 [......[ 2.02 | 4.10 |......
12 | 8.10 | 2.85 | 8.48 | 6.60 | 6.62 |eees0s| 1.86 | 1.68 | 1.62 | 1.98 | 4.42 | 2.80
18 | 8.43 [...ceefeee...| 6.68 (11.10 | 8.68 | 1.77 | 1.60 | 1.62 | 2.02 |......| 2.48
14 | 4.60 | 8.10 | 7.85 | 6.86 | 6.85 | 8.85 | 1.77 [......| 1.52 | 2.02 | 8.27 | 2.48
16 | 4.52 ( 8.85 | 7.10 | 6.86 |.... .| 6.85 | 1.68 | 1.62 | 1.48 | 2.10 | 8.27 | 2.48
16 (......| 8.10 | 6.10 | 6.85 | 6.85 | 8.35 | 1.68 | 1.62 | 1.48 [ .....| 8.10 | 2.60
17 |(8.86 | 2.85 | 4.68 |sccees| 4.65 | 8.86 |o0....[ 1.62 | 1.48 [ 2.77 | 8.18 | 2.60
18 |3.60 | 2.68 | 4.86 | 7.10 | 4.86 | 8.27 | 1.60 | 1.52 [......[ 2.48 | 8.18 [......
19 |8.86 | 2.68 | 65.10 | 6.60 | 4.60 [......[ 1.60 | 1.60 | 1.43 | 2.86 | 8.68 | 2.60
20 (8.85 |ceccecfscsce.| 5.68 | 6.10 | 5.85 | 1.60 | 2.68 | 1.48 2.:52 esees| 2.80
21 |8.8|2.68(9.10 | 5.48 | 5.86 | 4.48 | 1.77 |......| 1.48 | 8.18 | 5.18 | 2.60
22 (8.85|2.68 | 6.48 | 5.85 |.....s| 4.02 | 2.10 | 1.86 | 1.48 | 8.10 | 4.27 | 2.60
28 |......| 2.68 | 5.85|5.10 (4.48 | 4.68 | 1.85 | 7.98 | 1.52 [+«....| 8.68 | 2.85
24 (8.10| 2.68 | 6.10 |......| 4.48 | 8.85 |......| 2.02 | 8.18 | 4.43 | 8.43 | 4.60
25 |8.10 | 2.68 | 65.86 | 9.68 | 5.60 | 8.86 | 1.60 | 2.27 |<ccceo| B.02 [ B.85 [ceceee
26 |8.10| 2.68 | 6.62 | 8.52 | 6.85 |......| 1.60 | 2.85 | 8.10 | 2.86 | 8.10 | 8.86
2? |8.10 |[«eeceefeece..| 6.60 | 5.18 | 8.02 | 1.60 | 2.10 | 2.60 | 7.85%(......| 2.86
28 |2.86| 2.68 | 6.85 | 6.85 | 6.85 | 2.85 | 1.80 [......| 2.68 | 6.10 | 2.85 | 2.85
29 |2.86|.cc... 6.60 | 5.85 [oc....| 2.68 | 1.62 | 1.77 | 2.48 | 4.43 | 2.85 | 2.86
80 ..o ec|evcses|7.68 |6.10 | 4.48 | 2.60 | 1.62  1.60 | 2.18 |......| 2.85 | 2.86
81 | 2.88 [cecece| 7.20 |oeecee]| 4.20 [eececefeececs] 1.60 |ecoecs| 8.48 |cucees| 2.86

* Highest per day, 9.48.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1899.

Day. | Jan. [{Feb. | Mar.| Apr.|May.|June.|July.| Avg.[8ept.| Oct. | Nov.| Dec.

esee.s 2.60 | 8.10 | 4.85 (11.10 |2.85 1.77 ) 1.68 | 1.43 |.....] 2.68 | 2.02

1

2 |8.10 | 2.60 | 8.43 |......[11.93 | 2.68 |....../ 1.68 [ 1.85 | 1.85 | 6.18 | 1.98
8 |8.10 | 2.60 | 8.48 | 4.27 (11.10 | 2.62 | 1.60 | 2.27 [.cccoo| 1.77 | 8.80 |..e.ee
4 |2.85|2.60 | 8.85 | 8.85 | 8.80 |......| 1.60 | 2.27 | 1.60 | 1.60 | 2.94 | 2.80
6 |2.66 |+eeece]eeoess| 8.85|6.68 | 2.86 [ 1.80 | 1.85 | 1.43 | 1.60 [......| 2.85
6 | 2.86 (2.60 | 8.85 | 8.85 | 6.10 | 2.85 | 1.60 [......] 1.48 | 1.60 | 2.68 | 2.48
7 | 2.85(2.60 | 4.48 | 4.27 |......[ 2.18 | 1.60 | 1.77 | 1.27 | 1.62 | 2.60 | 2.48
8 |......| 2.60 | 8.52 | 4.60 | 6.18 | 2.18 | 2.10 | 1.60 | 1.27 [...... 2.48 | 2.85
9 | 2.8 | 2.60 | 8.98 |.ccv0of 5.48 | 2.18 [e.e...| 1.680 | 1.27 | 1.52 | 2.28 | 2.85
10 | 2.86 | 2.60 | 8.77 | 5.68 | 5.48 | 2.10 | 2.77 | 1.52 |¢eeves| 1.62 | 2.18 [ccusns
11 | 2.60 | 2.48 | 8.60 | 5.48 | 4.84 |......| 2.562 | 1.60 | 1.27 | 1.48 | 2.18 | 2.27
12 | 2.60 |eeeeec|eseeosf 4.85 | 4.84 | 1.86 | 2.10 | 1.88 | 1.27 | 1.48 [.ce.0o| 2.27
18 | 2.60 | 2.48 | 4.10 | 4.18 | 4.84 | 1.66 | 1.93 [..se0s| 1,27 [ 1.48 | 1.80 | 8.27
14 | 2.60 | 2.27 (5.85 | 4.68 |......| 1.86 [ 1.86 | 1.77 | 1.27 | 1.48 | 1.68 | 4.60
16 |.ee...| 2.48 | 5.86 | 6.48 | 4.18 | 1.85 | 1.68 | 1.68 | 1.27 |......[ 1.83 | 8.80
16 | 8.86 | 2.48 | 4.60 | 7.10 | 8.84 | 8.18 |.....-| 1.52 | 1.27 | 1.86 | 2.10 | 8.1(+
17 | 8.10 | 2.48 | 4.27 | 6.27 | 8.27 | 2.88 | 1.77 | 1.48 [.....s| 1.86 [ 2.10 [eveens
18 | 8.10 | 2.48 | 8.86 | 6.60 | 8.27 |......| 2.10 | 1.48 i.27 1.48 | 2.10 | 2.98
19 | 2.86 |sceeee]eccees] 7.85 | 8.85 | 2.10 | 1.88 | 1.43 | 1.27 | 1.60 [..c....| 2.88

20 | 2.85(2.60 | 4.10 | 8.86 | 8.86 | 2.02 | 1.77 |......| 1.85 | 1.88 | 2.27 | 4.86
21 | 2.60 | 2.60 | 8.85 | 6.86 |......| 2.27 | 1.77 | 1.43 | 1.43 | 1.77 | 2.68 | 4.10
22 |eeee.s 2.77 | 8.86 | 7.10 | 8.86 | 2.02 | 1.77 | 1.85 | 1.68 |s.....| 2.48 | 8.60
23 | 2.60 | 2.85(8.85 | 8.48 | 8.27 | 1.98 |......| 1.48 | 1.60 | 1.60 | 2.48 | 8.18
24 | 2.60 | 2.85 | 8.86 |10.60 | 8.18 | 1.85 | 2.02 | 1.48 [.cc0c0] 1.60 | 2.48 |.cvcee
26 | 2.60 | 2.85 | 8.68 |10.10 | 8 02 |......| 1.86 | 1.48 | 1.62 | 1.62 | 2.85 | 2.98.
26 | 2.60 | veece|e...[10.48 | 8.02 | 1.86 | 1.77 | 1.43 | 1.52 | 1.52 [......| 2.88
27 | 2.60 | 2.85 | 8.68 [11.85 | 2.93 | 1.85 | 2.86 |......| 2.77 | 1.52 | 2.10 | 2.60:
28 | 2.60 | 8.10 | 8.88 | 8.68 |......| 1.77 | 2.18 | 1.48 | 2.52 | 1.77 [ 2.10 | 2.48
28 |eeeseefeese..| 8.98 | 9.86 | 8.48  1.85 | 1.66 | 1.48 | 2.10 [......| 2.10 | 2.48
80 | 2.60 [«+....| 5.60 | 9.60 | 8.10 | 1.88 [......[ 1.48 | 1.85 | 4.86 | 2.02 | 2.48
81 | 2.60 [coceve 548 |evecss| 802 |eeocee| 1.77 | 1.48 [ceecee| 802 [coecncfesseae
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1900.

Day. | Jap. | Feb.|Mar.| Apr. |May.[June.| July.| Aug.|8ept.| Oct. | Nov.| Dec.
1 |2.10 | 8.85( 9.10 |......| B.02 | B.68 |eec...| 1.60 | 1.44 | 1.84 | 1.86 | 8.43
2 | 2.10 | 8.48 | 9.98 | 8.02 | 6.10 | 8.52 | 1.85 | 1.60 |esecec| 1.85 | 1.85 [cecese
8 | 2.10 | 8.48 [11.10 | 8.27 | 65.85 |eve..s| 1.77 | 1.60 | 1.48 | 1.77 | 1.85 | 8.10
4 |2.10 |eeeeee|vesse.| 8.85 | 8.562  8.60 | 1.77 | 1.60 [ 1.48 | 1.68 [......| B8.02
5 | 2.85| 8.43 | 9.52 | 8.10 | 6.18 ’ 8.85|1.68 [.cc... 1.48 | 1.68 | 1.86 | 4.10
6 |2.85|8.86 |8.85 | 7.62 |+e..0s| 7.18 | 1.68 | 1.52 | 1.44 | 1.77 | 1.78 | 8.10
7 |[eeee..| 4.10 | 8.86 | 7.52 | 4.78 | 8.02 | 1.60 | 1.52 | 1.44 |......| 1.77 | 8.2T
8 |2.10|8.93|8.86 | ¢---| 4.62 | 2.86 |......| 1.60 | 1.48 | 1.98 | 2.18 | 2.94
9 |[2.108.98|8.27 | 5.27 | 4.85 2.94 | 1.68 | 1.68 |......| 8.68 | 7.48 [ccc..s
10 |2.10 | 4.18 | 8.27 | 4.85 | 5.60 | .....[ 1.68 | 1.68 | 1.48 | 2.77 | 7.85 | 2.68
11 | 2.10 |eeeeerfeneecs| 4.18 | 4.62 | 2.60 | 1.68 | 1.60 | 1,52 | 5.60 |.cscs-| 2.60
12 | 2.10 8.94 | 7.98 | 4.94 | 4.27 | 2.60 | 1.60 |......| 1.44 | 4.18 | 4.18 | 2.77
18 |2.18 | 4.10 | 7.98 | 4.62 |......| 2.48 | 1.77 | 1.68 | 1.43 | 8.27 | 8.86 | 2.77
14 |......|19.10 | 7.85 | 4.93 | 5.02 | 2.44 | 1.94 | 1.60 | 1.86 | ..-..| 8.60 [ 2.68
16 | 2.27 10.10 | 7.77 |.<s...| 6.86 | 8.02 |......[ 2.85 | 1.48 | 2.77 | 8.27 | 2.85
16 | 2.27 | 8.27 | 7.68 | 5.94 | 8.27 | 2.60 | 1.77 | 2.02 [......| 8.02 | 8.10 |e0ee «
17 | 2.27 | 7.60 | 7.60 | 7.10 | 5.88 |......| 1.77 | 2.27 | 1.86 | 2.85 | 2.86 | 2.43
18 | 2.27 |eveece|reeees| 8.52 | 5.27 ‘ 2.27 | 1.78 | 2.27 | 1.86 | 2.77 [ceceee| 2.48
19 | 2.27 | 8.77 | 7.856 |11.43 | 4.94 l 2.10 | 1.68 [......| 1.86 | 2.60 | 2.77 | 2.60
20 | 2.27 | 8.77 | 7.52 |18.60 |10.48 | 2.27 | 1.68 | 1.98 | 1.48 | 2.52 | 4.18 | 2.60
21 | 7.10 | 8.60 | 7.62 |11.68 | 6.98 I 2.02 | 1.68 | 1.85 | 1.44 |......| 6.10 | 2.52
22 | b5.68 | 8.60 | 7.48 |......| 5.68 J 1.93 [....0. 1.77 | 2.60 | 2.27 | 6.98 | 2.52
23 |6.02 |8.60( 7.48 |10.60 | 5.10  2.10 | 1.68 | 1.68 |......| 2.18 [ 4.86 | «....
24 | 4.10 | 8.44 | 8.10 |10.68 | 4.98 ‘.‘ 1.60 | 1.68 | 1.85 | 2.10 | 4.27 | 2.68
25 | 8.86 |cvecesfecesss| 9.85 | 4.86 ‘ 1.98 ‘ 1.60 | 1.68 | 1.78 | 2.562 |....-«| 5.93
26 | 8.77 |11.36 | 7.98 | 7.77 | 4.60 | 1.98 | 8.10 |<se...| 1.68 [ 2.36 | 4.68 | 4.86
27 | 8.60 | 9.85 | 7.93 | 6.98 [......| 1,86 | 2.27 | 1.68 | 1.68 | 2.27 | 5.77 | 4.68
28 |......| 9.86 | 7.98 | 5.77 | 4.27 J 1.68 | 1.94 | 1.62 | 2.48 |......| 4.85 | 4.68
29 | 8.85 feecacs| 7.98 [cecnee 3.85 1.77 |eesesd 1.62 | 2,10 | 2.02 | 4.10 | 4.52
80 | 8.27 |......| 7.60 | 6.02 8.88‘ 1.77 | 1.68 | 1.52 |eeeees| 1.98 | B.TT |ceccse
81 | 8.48 lecaeca| 7.60 [eecees| 8B.B0 aeere.| 1.68 | 1.44 [ceeeeef 1.98 |ace.ee| B.48
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1901,

Day. |Jan. | Feb. | Mar.| Apr. |May.|June.| July.| Aug./8ept.| Oct. | Nov.| Dec.
1 | 8.27 | 2.27 | 2.86 | 4.10 | 5.77 | 4.98 | 2.10 | 8.10 [.....¢[ 1.88 | 2.10 [ceccne
2 |8.48 | 2.86|2.85| 4.10 | 6.62 | .... | 2.02 | 2.85 | 1.86 | 1.85 | 2.02 | 2.1p
8 | 8.43 |ceeeec|arecse| 4.86 | 65.18 | 4.86 | 2.02 | 2.62 | 1.77 | 1.77 |eevees| 2.02
4 (8.44 2.8 | 2.10 | 8.10 | 4.86 | 4.68 | 1.88 |......| 1.85 | 1.85 | 1.98 | 1.88
5 |8.48| 2.27 | 2.27 | 7.48 |......| 4.18 | 1.98 | 2.77 | 1.78 | 1.86 [ 1.88 | 1.88
6 |......[ 2.10 | 2.18 | 6.18 | 4.10 | 8.85 | 6.02 | 2.27 | 1.77 |.+....| 1.88 | 1.86
7 |8.10 | 2.10 | 2.18 | 9.10 | 8.85 | 8.62 |......[ 2.60 | 1.68 | 1.77 | 1.86 | 1.85
8 |2.83| 2.18 | 2.27 (11.06 | 4.86 | 8.77 | 2.60 | 7.10 [eeesce| 1.88 [ 1.86 |eeesee
9 | 2.85| 2.18 | 2.27 | 8.78 | 4.68 |......| 2.27 | 4.27 | 1.60 | 1.85 | 1.83 | 2.10
10 | 2.77 |eeeeeefeeee.| 7.62 | 4.62 | 8.85 | 2.27 | 8.88 | 1.60 | 1.78 |......| 2.80
11 | 2.68| 2.18 | 2.86 | 7.18 | 6.56* 8.60 | 2.10 |......[ 1.80 | 1.68 | 1.77 | 4.86
12 |(2.68| 2.27 ( 8.86 | 6.85 |.....| 8.27 | 2.10 | 8.10 | 1.60 1.68 | 1.98 | 4.48
18 |.....o| 2.27 | 8.18 | 6.68 | 6.10 | 8.10 | 2.(2 | 2.98 | 1.88 ......|[ 2.60 | 8.85
14 | 2.77 | 2.86 | 8.10 |......[ 6.62 | 2.86 |......| 2.86 | 1.85 | 2.10 | 2.86 | 8.85
16 | 2.68 | 2.86 | 8.10 | 7.86 | 4.77 | 2.77 | 1.84 | 2.68 [..cv. | 5.60 [ 2.27 [ceeene
16 |2.60 | 2.85 | 8.10 | 6.85 | 4.85 |++...| 1.98 | 8.85 | 2.02 | 4.52 | 2.18 | 16.60
17 | 2.77| .eeee|eee..s| 6.27 | 8.85 | 2.62 | 1.88 | 8.77 | 2.10 | 8.68 |......| 6.60
18 | 2.86| 2.27 | 8.02 | 7.86 | 8.77 | 2.85 | 2.60 |......| 2.10 | 8.10 ('2.02 | 4.10
19 | 8.48 | 2.27 | 2.98 | 6.60 |......| 2.27 | 8.02 | 2.68 | 2.02 | 2.77 | 1.84 | 4.10
20 f...... 2.27|2.98 | 6.62 |10.10 | 2.85 | 2.562 | 2.48 | 1.84 |......| 2.10 | 8.93
21 | 8.62 | 2.18 | 8.10 |..e.od| 7.27 | 2.27 |......| 2.85 | 1.988 | 2.68 | 2.10 | 8.85
22 |8.48| 2.18 | 65.22 | 9.48 | 5.86 E 2.27 | 2.18 | 2.27 [cvcece] 2.60 | 2.02 |eeeees
28 | 8.27 | 2.18 | 7.10 (10.85 | 4.77 }’...... 2.02 | 2.27 | 1.85 | 2.85 | 2.02 | 4.02
24 [ 8.10 |eeceeefecssas| 8.68 | 4.77 | 2.60 | 1.88 | 2.18 | 1.78 | 2.27 |......| 4.02
256 | 2.86 . 2.27 | 6.60 | 7.562 | 5.85 | 2.77 | 1.88 [......| 1.77 | 2.60 | 2.27 | 4.27
26 |2.86| 2.27 | 6.68 | 8.98 |......| 2.86 | 1.85 | 2.10 | 1.77 | 2.62 | 2.68 | 4.18
27 |......| 2.48 | 7.48 | 6.10 |......, 2.85| 1.85 | 2.10 | 1.68 | .....[ 2.85 | 8.98
28 |2.68|2.48| 9.62 ......| 6.60 | 2.18 |......[ 2.02 | 1.88 | 2.27 | 2.18 | 8.60
29 | 2.60|......[ 7.10 | 6.856 | 6.98 | 2.10 | 8.680 | 1.88 [cvcvoe| 2.18 [ 2.18 |saceae
80 | 2.60 |.+....| 6.18 | 6.60 | 6.10 |......| 8.27 | 1.98 | 1.85 | 2.18 | 2.10 | 5.60
81 | 2.86 [seesve|eccscs|essecs) 5.18 |ceeees] 4,60 | 1.85 |.ceeee| 2.10 [ovees.| 4.86

*Highest for day, 8.10.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1902.

Day. |Jan. |Feb.|Mar.|Apr. |May.|June.|July.[Aug. |Sept | Oct. | Nov.| Dec.
1 | 4.27 | 4.98 | 8.60 | 7.85 (10.10 |......| 8.48 | 2.48 | 2.02 | 8.60 | 4.48 I 2.77
2 | 8.88 |ececec|eseces| B.86 | 7.77 | 8.10 | 8.86 | 2.27 | 2.02 | 8.52 |eeeees| 2.77
8 | 8.60 | 4.48 |18.10 | 6.68 | 6.27 | 4.18 | 8.68 [......| 2.02 | 8.86 | 4.18 | 2.78
4 | 8.68 | 8.86 |11.27 | 5.27 |......| 4.02 | 5.18 | 2.27 | 1.98 | 8.10 | 8.98 | 2.77
5 |eeses.| 8.77 | 6.10 | 4.77 | 5.62 | 4.10 | 4.43 | 2.48 | 2.48 |......| 8.85 | 2.68
6 |8.77 | 8.60 | 5.85 [+ecc..| 6.10 | 8.86 |......| 2.27 | 2.85 | 8.10 | 8.68 | 2.68
7 |8.77 [ 8.60 | 4.60 | 4.27 | 5.98 | 8.68 | 8.60 | 2.80 |......[ 4.77 | 8.60 |ieunee
8 |8.68|8.562 |4.18 | 4.18 [ 6.60 |......| 8.85 | 2.52 | 2.62 | 8.77 | 8.62 | 2.68
9 | 8.68 |seeeeefeeeees| 4.10 | 65.10 | 6.02 | 8.10 | 2.88 | 2.562 | 8.85 [ee.ee| 2.80
10 | 8.68 | 8.43 | 8.02 | 7.10 | 4.48 | 4.27 | 8.02 |......| .10 | 8.18 | 8.18 | 2.80
11 | 8.68 | 8.27 | 8.85 | 5.68 |......| 8.93 | 8.35 | 2.48 | 4.60 | 8.18 ' 8.18 | 2.60
12 !......| 8.18 | 8.60 | 65.18 | 8.77 | 8.60 | 8.18 | 8.10 | 8.18 |......| 8.10 | 2.52
18 | 8.62 | 8.18 | 6.48 |......| 8.10 | 8.62 |......| 8.85 | 2.86 | 8.02 ‘ 8.18 | 2.52
14 | 8.48 | 8.18 | 7.60 | 4.86 | 8.10 | 3.62 | 2.88 | 8.02 |......| 8.02 | 8.77 !......
16 | 8.86 | 3.10 | 65.98 | 4.48 | 2.98 |......| 8.85 | 8.18 | 8.98 | 2.98 | 8.60 | 2.52
168 | 8.85 |eeveoe|eeeass| 4.10 | 2.77 | 8.48 | 8.60 | 2.68 | 8.85 | 2.98 |......| 2.44
17 | 8.27 | 8.10 | 7.27 | 4.10 | 2.27 | 7.10 | 8.85 |......[ 8.13 | 2.85 | 8.48 | 4.68
18 | 8.18 | 8.10 | 9.68 | 4.10 |......| 4.85 | 8.18 | 2.48 | 2.85 | 2.68 | 8.85 | 7 10
19 |......| 8.10 | 6.02 | 4.02 | 1.93 | 4.27 | 8.10 | 8.86 | 2.52 |+.....| 8.27 | 5.02
20 |8.028.02|6.18 |......[ 8.10 | 3.68 |......| 8.85 | 8.98 | 5.48 ‘ 8.18 | 4.60
21 | 8.02|2.98 | 5.18 | 4.85 | 8.10 | 3.43 | 8.68 | 2.27 |...... 4.60 | 8.18 |......
22 | 8.48 | 2.93 | 6.10 | 4.562 | 8.02 |......| 8.62 | 2.77 | 8.48 | 4.10 | 8.18 | 5.18
28 | 9.62 [.eceeefeeee..| 5.18 | 2,77 | 8.85 | 8.85 | 2.60 | 2.88 | 3.88 |......| 4.85
24 |6.10( 2.93 | 6.43 | 6.27 | 2.68 | 8.85 | 8.77 |......[ 2.77 | 8.48 | 8.10 | 7.48
25 | 4.60 | 2.86 | 5.86 | 5.10 |......| 8.18 | 8.77 | 2.27 | 2.80 | 3.86 ‘ 2.93 | 65.98
268 |e....0| 2,77 | 6.02 | 5.68 | 4.60 | 4.10 | 8.27 | 2.18 | 2.48 ......' 2.94 |ceceee
27 | 4.86| 2.77 | 4.98 |......| 7.10 | 6.02 |......| 2.18 | 2.86 | 8.18 | 2.98 | 6.02
28 | 6.10 | 4.10 | 4.98 | 7.10 (10.10 | 4.52 | 2.88 | 2.10 |......| 9.10 | 2.98 |ceeeee
29 |6.02|......| 6.48 | 5.60 | 8.60 |......| 2.85 | 2.10 | 8.52 [18.10 | 2.85 | 6.77
80 |6.18 |..cevefeeeee.| 6.77 | 6.60 | 8.48 | 2.77 | 2.10 | 4.02 | 7.62 !......| 5.85
81 | 5.18 |eceece| B2 |eoceae| 65.10 | ceves| 2.80 [cececefoncses| 536 [c0eee | 6.27
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET

RIVER, AT PLYMOUTH, N. H., FOR 1903.

Day. |Jan. |Feb. | Mar. | Apr. | May. June.lJuly. Aug.‘sept. Oct. | Nov.| Dec.
1 | 6.02 'I 7.62 | 6.62 | 2.18 | 2.85 [ 2.48 : 2.27 | 1.76 l 2.20 | 1.80
2 |4.85|4.85 | 8.43 | 6.356 | 4.85 | 2.10 | 2.68 |......| 2.18 | 1.62 . 2.10 | 1.76
8 | 4.77| 4.77 | 6.60 | 6.27 |.cc...| 2.10 | 2.60 | 2.27 | 2.18 | 1.62 | 2.10 | 1.70
4 |...... 4.77 ' 6.02 | 6.86 | 3.86 | 2.10 | 2.48 | 2.18 | 1.90*| 1.46 ‘ 2.06 | 1.72
5 |4.86 | 4.68 | 6.9 |......| 4.02 | 2.02 |......| 2.18 | 1.92 | 1.62 ' 2.00 i 1.70
6 | 4.77  4.80 | 6.77 | 6.68 l 8.77 | 2.02 | 2.27 | 2.18  1.90 | 1.78 I 2.86 ‘ 1.76
7 | 4.60 | 4.43 | 6.68 | 65.86 | 8.68 |......| 2.27 | 2.86 | 2.02 | 1.98 \ 2.62 | 1.78
8 | 4.62 |.ccceeleesses| 65.86  8.68 | 2.02 | 2.18 | 2.27 | 2.06 | 1.82 ‘ 2.86 | 1.80
9 | 4.48 | 4.43 | 8.60 | 6.02 | 3.93 | 2.43  2.18 ceeeee) 1.90 | 2.20  2.16 | 1.76
10 | 4.43 | 4.36 (11.62 | 6.10 |......| 2.62 | 2.10 | 2.18 | 1.90 | 2.78 ‘ 2.06 | 1.80
11 |......| 4.27 |12.10 | 6.18 | 8.85 | 2.86 | 2.10 | 2.18 | 1.78 | 2.40 | 2.10 | 1.82
12 | 4.27 | 4.10 |16.80 [eeeees 8.60 I 2.86 | .....| 8.62 | 1.82 | 2.20 . 2.00 \ 1.80
13 | 4.18 | 4.27 | 9.10 | 4.93 | 3.60' 9.43 || 2.10 | 3.36 | 1.60 | 2.10 | 1.98 | 1.90
14 | 4.18 | 6.27 | 8.62 | 4.77 | 8.86 |......| 2.10 A 8.18 | 1.62 | 2.10 ‘ 1.80 | 2.42
16 | 4.10 [eeeecefeecees| 4.68 | 8.27 l 6.62 ‘ 2.02 ‘ 2.93 | 1.60 | 2.00 | 1.95 | 2.56
16 | 4.10 | 4.86 | 6.68 | 4.60 | 8.27 | 4.36 | 1.94 |......| 1.62 | 1.88 | 1.90 | 2.48
17 | 4.10 | 4.77 | 6.85 | 4.60 ‘l 3.86 | 1.94 | 2.68 | 1.42 | 1.88 | 2.02 | 2.40
18 [.....s| 4.77 | 6.27 | 4.48 ‘ 2.93 8.35 | 2.18 | 2.62 | 1.72 | 8.656 | 2.42 | 2.22
19 | 4.02 | 4.68 | 6.18 |......| 2.86 | 3.86 |......| 2.43 | 2.10 | 8.66 | 2.60 | 2.28
20 |8.93 | 4.60 | 8.43 | 2.02 | 2.86 | 8.10 | 2.10 | 2.43 | 2.00 | 2.78 | 2.45 | 2.90
21 | 4.60 | 4.43 |12.18 | 3.86 ‘ 2.77 |eeeen.| 4.98 | 4.27 | 1.82 | 2.68 | 2.10 | 6.40
22 | 4.85 |...... . 8.7 ‘ 2.680 ‘ 8.60 | 4.02 | 8.18 | 1.72 i 2.48 | 2.10 | 7.18
23 | 4.10 | 4.85 | 8.62 | 3.88 | 2.62  b5.68 l 8.62 |eees..| 1.86 I 2.80 | 2.06 | 6.562
24 | 4.10 | 3.93 |10.27 | 3.60 |......| 4.62 1 3.18 | 2.62 | 1.62 h 2.88 | 2.16 I 6.48
25 |eseeeol 8.77(10.98 | 3,48 2.43 | 8.68 | 2.93 | 2.43 | 1.68 | 2.80 | 2.38 | 6.82
26 |4.18 | 3.68 | 8.68 |......| 2.856 | 4.02 ......| 2.35 | 1.52  2.12 | 2.30 | 6.00
27 {4.18 | 8.60 | 8.60 | 8.62 | 2.10 | 8.62 | 2.60 | 2.85 | 1.46 | 2.16 | 1.80 | 65.80
28 | 4.10 | 4.10 | 6.27 | 8.62 ' 2.10 | 2.62 | 2.27 | 1.60 l 2.06 | 1.78 | 6.80
29 | 4.10 [coeees | 8.86 \ 2.10 | 8.18 2.85 | 2.85 | 1.82 | 1.96 | 1.70 | 6.85
80 | 4.27 | 4.93 I 6.10 | 2.27 | 2.98 | 2.62 |..s... 1.78 | 2.10 | 1.80 | 5.40
31 | 4.62 |......| 4.68 |i 2.52 | 2.28 ! 2.10 [......| 6.20

* New gage installed on September 4, 1908.

Ice December 21-31.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1904.
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5.20
5.16
4.75
3.90
4.20
4.40
4.80
4.10
4.20
4.80

8.90
8.66
4.25
8.80
4.10
4.15
4.20
4.50
4.66

4.66
4.60
8.60
6.70
6.66
4.80
5.10

8.80
12.46
10.00

8.40

6.70

secses

6.12
8.42
5.80
6.60
7.20
9.40
7.88
6.45
6.66
4.78
4.48
4.18
8.96
3.80
4.06
4.28
8.92
8.92
4.32
6.26
6.70
7.62
7.28
7.82
8.88
9.68

8.85
7.86
6.88
7.12
7.80
6.76
5.80
6.00
6.68
6.46
8.256
6.46
65.28
4.82
4.70
8.02
9.90
6.28
6.82
9.60
6.62
65.40
4.76
4.36
8.98
8.80
8.48
8.42
3.30
8.08
2.96

2.86
2.80
2.62
2.48
2.40
2.72
2.98
8.20
3.16
2.78
2.66
2.85
2.32
2.26
2.15
2.00
1.88
1.96
1.90
1.90
1.956
2.00
2.12
2.00
1.98
1.95
1.90
1.88
1.92
1.98

2.06
8.00
8.00
2.66
2.10
2.06
2.01
1.86
1.88
1.80
1.78
1.72
1.82
1.92
1.82
1.72
1.70
1.62
1.68
1.60
1.62
1.68
1.52
1.46
1.68
1.68
1.98
2.50
2.06
2.82

. 1.86

1.78
1.88
1.98
2.48
2.00
1.98
1.80
1.82
1.72
1.70
1.70
2.10
2.06
1.86
1.80
2.06
1.98
1.92
1.90
2.80
6.62
3.80
8.22
2.856
2.50
2.82
2.20
2.00
1.90
1.85
1.86

1.82
1.80
1.72
2.20
2.86
1.90
1.90
1.88
1.80
1.80
1.46
1.80
1.62
1.62
4.66
4.82
8.40
2.95
2.60
2.50
2.80
2.85
2.48
2.40
5.80
8.76
8.72
8.20
3.00
7.22

6.66
4.65
8.90
8.60
8.20
8.06
2.90
2.88
2.70
2.76
2.82
2.96
2.82
2.88
2.72
2.60
2.60
2.86
2.60
2.86
8.20
7.88
6.60
8.88
8.42
8.35
4.28
8.62
8.26
8.16
2.98

2.82
2.72
2.70
2.62
2.66

ceeses

cesene

Ice January 1to April4.
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RATING TABLE FOR PEMIGEWASSET RIVER AT PLY-
MOUTH, N. H., FROM JANUARY 1, 1886, TO DECEM-
BER 31, 1904.

ey e ey 43 - 43
2l | B|ls|B|] s [B]| s |B] ¢ |B]| 8
3 b | 3 b | 3 0 3 to D to D to
E=] g o g E-] 2 E-] g a E E-] g
@ [ [} @ Q Q
Q [ [=3 Q (3] [4]
Yl a | ¥z |P| & 2| = g = 2| =
o] A o] A ] =] o] A ] A o] A
i[ete oleia | steetetels]| | 2-00 3940 | 8.00 | 1,020 | 4.00 | 1,920 | 6.00 | 2,980 | 6.00 | 4,400
oo saios]esneiefl2.10 896 | 8.10 | 1,110 | 4.10 | 2,020 | 6.10 | 3,100 & 6.10 | 4,660
aoolosanfssacce]| 2.20 466 | 3.20 | 1,200 | 4.20 | 2,120 | 6.20 | 3,220 | 8.20 4,720
1.80 124 | 2.30 516 | 8.80 | 1,280 | 4.80 ' 2,220 | 6.30 | 3,360 | 6.80 4,890

1.40 | 140 | 2.40 | 576 | 8.40 | 1,880 | 4.40 2,820 | 65.40 | 3,480 | 6.40 | 5,060

1.50 | 160 | 2.60 | 640 | 8.60 | 1,470 | 4.60 : 2,420 | 6.60 | 3,620 | 6.60 | 6,280
|

1.60 | 185 | 2.60 | 710 | 3.60 | 1,660 | 4.60 @ 2,680 | 5.60 | 8,770 | 6.60 | 5,400

1.70 | 216 | 2.70 | 780 | 8.70 | 1,660 | 4.70 | 2,640 | 6.70 | 8,920 | 6.70 | 6,670

1.80 | 250 | 2.80 | 860 | 8.80 | 1,740 | 4.80 | 2,760 | 6.80 | 4,080 | 6.80 | b,760

1.90 | 280 | 2.90 | 940 | 3.90 | 1,880 | 4.90 | 2,860 | 5.80 | 4,240 ' 6.90 | 65,980
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RATING TABLE FOR PEMIGEWASSET RIVER AT PLY-
MOUTH, N. H.—Concluded.

g
l
|

Gage height.
Discharge.
Gage height.
Discharge.
Gage height.
Discharge.
Gage height.
Discharge.
Gage height.
Discharge.
Gage height.
Discharge.

7.00 | 6,110 | 8.00 | 7,970 | 9.00 | 9,970 | 10.00 | 12,060 | 11.00 | 14,150 | 12.00 | 16,260

7.10 |6,200 | 8.10 | 8,170 | 8.10 | 10,170 |....o.|o.n... I S A e
7.20 (6,470 | 8.20 | 8,370 | 9.20 | 10,870 | 10.20 | 12,470 | 11.20 | 14,670 | 12.20 | 16,670
7,80 |8,650 | 8.30 [ B,670 | 9.80 | 10,680 |+uevee|eruenenlereniilirininisfenenidloninians
7.40 |6,880 | 8.40 [ 8,770 | 9.40 | 10,780 | 10.40 | 12,890 | 11.40| 14,990 | 12.40 | 17,090
7.60 | 7,020 | 8.50 | 8,970 | 9.60 | 11,000 |......
7.60 | 7,210 | 8.60 | 9,170 | 9.60 | 11,210 [ 10.60 | 13,810 | 11.60 | 16,410 | 12.60 | 17,510
7.70 | 7,400 | 8.70 | 8,870 | 9.70 | 11,420 |..eeun.eeeenn.
7.80 | 7,580 | 8.80 | 9,570 | 9.80 | 11,630 | 10.80 | 13,780 | 11.80 | 15,880 | 12.80 [........
7.90 | 7,780 | 8.80 | 8,770 | 9.90 | 11,840 [......[...... B PO R SRR BT X .
et e O (6 LA S veeveverleeenad e 18.00 | 18,860
o] (RPN s S| Ve TR |l |, AR | | ..| 14.00 | 20,450
ool X e | P LR (L o B . L S 16.00 | 22,660
- .....0 weeee il B (S & coR 98 2| eeveensevened]eennn.. 16.00 | 24,850
aoocrttl PR Rl ... .- | - weveevee|eveenlinenaa 17,00 | 26,750
sl PP, vevenaferenedereniierneeied]eeeeedieennniifienenn]eeen ... 18.00 | 28,850

The above table is applicable only for open channel conditions. Itis based
upon discharge measurements made between September 4, 1908, and Novem-
ber1, 1904, and is well defined. It has been applied to the nearest hundreth
up to five-foot gage height, to the nearest half tenth from flve-foot to nine-
foot gage height, and to the nearest tenth to gage heights above nine feet.

12
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET

RIVER AT PLYMOUTH, N. H., FOR 1886 AND 1887.

(Drainage area, 615 square miles.)

Discharge in second-feet. Run-off.

. T E
Month. g g &3 .
= =] o=y a3
g g : 2 g ag

= S8

H = =4 og= =]
3 g @ S AH @8

= = = w Q
18,810 2,806 7,247 11.78 6.67
4,976 1,182 2,334 8.80 4.88
2,350 698 1,086 1.76 1.96
1,718 896 661 .80 1.04
1,407 806 476 N .89
2,896 186 540 .88 .98
2,070 860 668 1.08 1.2
8,770 964 1,828 2.97 1.66
15,726 | 2,717 7,206 11.86 6.62
16,460 2,190 6,871 11.17 12.88
JUDEEe e e el stes sl oo eeess| 20,460 766 8,008 4.89 5.46
A o e oo AR 8,970 766 2,002 8.28 8.78
AUuguSBtiiecees secierienienaanas 2,020 6598 1,040 1.69 1.86
September......coceeeienennens 900 860 6566 .92 1.08
OcCtOber.....cceeevveeenenennes 1,288 860 478 &ki .89
November 1-16..ccce srasarans 497 360 418 87 .87

Sundays interpolated.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER, AT PLYMOUTH, N. H., FOR 1888 AND 1889.

(Drainage area, 616 square miles.)

Discharge in second-feet. Run-off.
7 82 | &2 | %
Sl I SE | g | gE (RS
B | B g |Efs| 53 | 89
o ‘ &8 3 |2%H| o8 | 48
= = = ® Aa [
1888. '
April 16-30..... ' 22,760 1,858 5309 8.64 4.82 |ieeeanncfoncen oo .
MaY.reeaeannnnns 20,136 3,415 8,766 | 14.24 | 1642 |.eeieu|iieiiennns
JUDe cvvvennnnnn .| 6,400 350 1,887 3.04 8.89 107 3.17
T erreeernnann, | 1,632 350 697 | 118 | 1.80 82 1.68
August...... eaen 2,020 306 684 111 1.28 a3 3.91
September...... 7,886 360 1,816 2.96 3.29 41 8.08
October..... eeee 6,290 1,836 2,729 4.44 6.12 99 6.18
November 1-15..] 7,020 1,857 3,066 | 4.99 27 |iiuaans 5.28
December ...... g 2.28
The period... 29.46
1889,
January 4.29
February........ 2.86
March....c....... 2.24
April 16-80...... 1.80
MaY..ieoreaeane 2.21
JUN@ «eevennnns . 4.61
JOIYeeeneinaenans 4.87
Auguste..eea..s. 8.17
September.. ... 4.63
October......... 4,14
November 1-15.. 4.66
5.09
44.17

Sundays interpolated.
Rainfall at Plymouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1800 AND 1891.

(Drainage area, 616 square mlles.)

Discharge in second-feet. Run-off.
. o8 H s
Meath. S g - d $5 | 23 | g5 (hehess

B | 8 | 4 |Big| =F | s

a g 3 g‘&a od 5B

= = ] =] &
= 1890. __
JANUATY T oo s [Beeiceeceoitlocesoccsesliees cosoeslssiossessliereseecleseses 3.856
February........ .. ] I SN TN [ N 4.82
March..ccoee ooef avies AR (TR AR AT STRASEm ) P e 4.41
April 16-30...... 8,970 3,620 5,714 9.29 6.18 |sraisann 2.19
May.ceeeernnnns 17,670 2,270 6,619 10.76 12.41 200 6.24
June ....ceeeee 3,770 710 1,690 2.76 3.07 100 2.96
Julyeeeeeeeannnns 7,496 396 1,164 1.88 2.17 49 4.46
August ceveeeens 10,686 270 1,671 2.72 3.14 66 | 65.60
September...... 16,410 900 3,302 5.37 5.99 | 110! 5.3
October..... ... 7,210 984 2,101 342 | 3.94 80 4.93
November 1-16.. 1,867 1,110 1,380 2.21 1.24 [aaseasns 2.05
December..cc.exfeeeeees voafereenenieafeniiannans I 3.94

The year..c.cedleeesecccccdoccsescccsfocssesiaei]occccccsfioclvaseclscosess 61.07
1891.
JANUALY +2c0osifole ooclivosealossedioetllelsossssasslsossssslslfoisesssols sfls slosieets 6.09
February .......eeeeeene. ] e B A N N I 3.35
March....eeeeinsfocess ! 3.86
April 16-30......| 15,410 3,100 8,380 | 13.63 7.80 vauniann 2.31
MaY.cooeoeennnns 4,660 | 1,33 2,706 4.40 6.07 220 2.28
JUN@.ceeenceneass 2,350 493 1,190 1.93 2.16 | 76 2.36
ULV e coneene 3,416 306 783 1.27 1.46 26 5.68
August .c.eoeene. 3,100 270 809 1.32 1.62 29 6.29
September...... 1,836 186 616 84 [ .94 76 1.28
October... i 598 | 166 284 .38 44 26 1.86
November 1-16.. 1,940 146 421 .63 838 [eveuinnns 3.26
December.......fvieiieeiiee]enrernnnaslonennnnnns 6.46
The year..ccccofececcccccscfocsccssceslecscocccecleseess sfesconerse]seccnes 43.21

Sundays interpolated.
Rainfall at Ply mouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1892 AND 1893.

(Drainage area, 615 square miles.)

Discharge in second-feet. ! Run-off
. _ lge e || e
Month. g |' i : | % g . : ; | 2 Batnfell
I8 § ||
g | 8 | 8 [& A & |
1892. T_ = 0 1 A
January........ 6.01
February........ 1.98
March........... A | . i 1.67
April16-30....... | 1.04
MAY cveeieenns on } ! | | 5.563
June ......... i \ | | 6.76
JulYeeeues o vene . | | | | 16
August.......... 6,290 185 | 1,211 1.97 | 2.2 [ 21 | 10.85
September...... I 9,670 | 360 | 1,029 1.87 |P 1.8 . 170 | 1.10
October......... 710 327 4€6 76 88 | 46 1.90
Novemberl—lB.-| 3,820 ‘ 545 | 1,386 | 2.5 I 1.5 |onee | 4.20
December......|eccvueurens]enenananne | .......... | (S [ ......... |r ........ ‘ 0.95
The FOAT...c.u|eeernee]eneeeannns | .......... I | SO PR T Y
1893. | |
JaDUATrY..cea.aen ‘ [ 5q I i o5 2.48
February........ | oo l . 5.78
March....ccooiecfrevececcans afene 2.78'
April 16-80 ...... ‘ 5,280 i 2.4
MaY.cunrenarnn ] [ 4.61
JUDB..irniinannn | 1.92
July.ceeaaenaanns 2.21
August......... . 6.01
September...... 1.92
October......... 5.4
November 1-15. 2.57
December...... 4.02
The year..... 42.19

Sundays interpolated.
Rainfall at Plymouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1894 AND 1895.

(Drainage area, 616 square miles.)

Discharge in second-feet. Run-off.
w o A =
mown. | § | £ || g [Ramey
5| § | § [588|%5 | 2
o 5 @ SrA | og 58
= = n A A
1894.
JBDUALTeerccasssfesercarsocs]oreesssen Nasionivenalsbisvii sl snmarios |ewbabiva 2.01
O DT U ATy e ol telalatelels el e ealets L lele eleleelolelel| o = e e = e e o ] oo e e ole L] 1ol sierelelels | sleeleiols 50 2.76
11 )¢ R e L O FE T 1.84
April 18-30...... 18,560 2,806 6,618 10.69 [ ) G P | 1.87
May..coeoeaoenee 14,876 664 2,619 4.10 4.78 110 I 4.36
June............ 6,290 497 1,880 2.24 2.60 a8 8.70
JUIY el ecoesVeeers 768 186 419 .68 .78 82 2,48
August.......... 146 170 .28 .32 10 | 8.12
Beptember...... 146 | 688 87 1.08 25 4.82
October......... 209 836 1.08 1.19 81 8.83
November 1-15. 646 1,337 2.17 121 |iseasass 2.27
December...... 1.88
The year...... 34.18
1885.

UBDUATY . o oo e tlaeorsionssssloasssssaslillissssssssalessssesssl il T s 2.47
FODIUATY e coeoiloNeecooranaloseenaneslllcesestondlnesosddelileseeseete 0IB0G0 g 0.80
March. o ceoecrefoocececscos]onceneniasfosecceseos]oceceecsfoeceecaenferacaacdd 1.66
April 16-80...... 18,730 8,416 8,482 10.46 584 [eevnanns 7.21
MY ceeeevncennnn 6,290 710 2,318 8.76 4.38 180 2.46
June..... ceaceoes . 1,786 896 846 1.87 1.68 41 8.76
JOlY.eececcnceses 710 209 888 .63 .78 28 8.12
August.......... 1,182 239 469 .78 88 22 8.89
September-...... 710 185 294 48 54 16 3.68
October......... 2,190 806 877 1.10 1.27 64 2.00
November 1-15. 5,400 646 1,467 287 1.82 |evvennns 6.28
6.562
......... 41.27

Bundays interpolated.

Rainfall at Plymouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1896 AND 1897.

(Drainage area, 616 square miles.)

Discharge in second-feet. Run-off
g8 | 2 | %
won. | £ | g 82 | Ty | g3 A
g g d§ |8:e8| %a | 8H
B g 3 |S8F| o8 | &F
| = = w A A
__1;_98.:-____ L= i =
JADUBTY.r.coeeecfsecccccaac]eccercacse] snmsrssasfinannarsfesaspassn 2 0.39
February..c.eoeefeeeeeenenaficannernenalenniiienafenenenadanee vaeol 6.51
7.88
April 16-80...... 18,660 2,630 7,986 12.99 7.26 0.84
May.cooeeenanens 2,618 598 1,358 2.21 2.66 1.69
JUD@.eceecenianen 1,832 239 716 1.16 1.29 98 1.84
JUlYecocoeneacase 8,286 186 497 81 .83 82 2.92
August.......... 1,886 239 493 .80 92 26 3.61
September...... 6,290 270 1,298 2.11 2.36 42 5.66
October......... 11,210 546 1,788 2.88 8.26 64 5.09
November 1-15..| 19,610° 900 8,660 5.79 8.28 |eesses 5.26
December......: ......... I ................ FE FRERFRR RS . 1.07
The Fear..eee| eeeeeeens : ......................... o beBioonadt Booootod 41.20
1897.

JBDUATYsc e veosslhllsssciesssf|esssssssscslonsssssasilsssleluels]es s sreles 3.2
February.c.ccceeeicecs caeclicicncacecs]eccecvecrafecscanccfecarcecd]oes 2.79
March....c...... 3.49
April 16-80...... 6.80 1.60
MAY.coerereannas 7.68 167 4.67
June «s.vcaannnns 4.88 88 65.49
JUIYeeearennannnn 7.27 107 6.77
August...... caee 1,385 895 698 1.18 1.80 61 2.68
September...... 448 186 269 42 A7 61 0.92
October..... vees 2,680 166 363 .69 .68 86 J1.87
November 1-16.. 5,840 209 1,408 2.48 1.86 ves 65.17
December......|ccceeieccaforecnincnaafennas b= 0" bonaoood koooooook [booooood 4.80
The year...... . ) Foooooco 88y sesscscecofesaiacosfocceensac]iciaaans 43.27

Sundays interpolated.
Rainfall at Plymouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1898 AND 1899.

(Drainage area, 615 square miles.)

‘ Dlscharge in second-feet ! Run-off
: 58 | 2 |3
gpnth. ' g § ;‘53,' =4 | 23 |Gmenes)
_g _5 & gid | g | 8F
|3 2 ‘ 3 ‘ 583 | 5B | 4%
| = 2 |a& A [
T .
January.........l... 6.88
February........ ‘ o 3.56
March........... ‘ 1.26
April 16-80...... 2.83
Malyl. ... = 2.90
JUDB..cciaiianras 2.92
Julytoese. - Fe.-q 2.31
August.......... ‘ 5.29
September...... l 1,182 146 341 .65 .61 | 14 447
October......... 7,686 270 ‘ 1,122 182 | 21 | 53 .98
November 1-15.. 2,840 6564 1,147 1.87 | 104 |rauSassy 3.64
December......]l...cceienefecceccaneen ‘ .......... ‘ ........ iy < cagthe asty 1.72
The year......|ceceeeeees ! 40.26
2.8
2.08
.............................. 6.70
4,806 9,448 16.86 8.57 [revacer: 177
964 8,830 5.98 6.89 590 1.17
\ 289 468 74 .83 80 2.74
JULYEo o o e - 836 186 H 317 52 .60 17 8.44
August.......... 497 ‘ 132 ‘ 197 \ 82 .87 18 2.87
September...... l 836 ‘ 120 198 82 | .88 12 8.09
October......... l 2,270 182 . 807 60 ‘ .68 83 1.78
November1-16.. 8,220 \ 186 . 788 1.28 71 1.54
December. \ ..... 1.78
The year. 80.77

Sundays interpolated.
Rainfall at Plymouth, N. H.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET

RIVER AT PLYMOUTH, N. H., FOR 1900 AND 1901.

(Drainage area, 6156 square miles.)

| Discharge in second-feet. Run-off.
l oy ] a ay
o | 8 | g | |BE L, |G
| 8 g g g:.-é = 83
g g | 5 |[28§| o8 | x8
| = g2 | = |é& ‘ A &
B . L i ' S ll'_ TSI o
JBnuary........‘ ..................... 4.88
February........|..... E  ELETEETI CYPERTRERY aoacolir] b SoEEoea] [EETEREES | 6.44
March.......... : ..... i‘ 475
April 18-80......‘ 19,610 | 4000 | 9,870 ‘18.05 | 9.5 |iioovee| 085
May............| 12,995 | 1560 | 3,953 | 842 | 740 | 430 172
June.............| 6,470 | 209 | 900 | 148 | 1.68 67 2.44
July.............': 110 | 185 | 263 i 43 | .50 16 3.22
August..........[ 900 | 147 | 250 | .41 47 19 2.42
September....... 710 | 13 | 25 | a5 | e | m 161
October.........| 3,770 | 29 | 780 'I 1.19 1.87 85 3.94
November 1-16..| 7,685 | 289 | 1,868 | 3.08 189 | .0 seeel 816
December................! ......... ..l.. ................ I.... ......... 0.97
The period....!.......... I.... a5 Veicaiitesh { asisheansanaliveasss]l  aea7
1901, : , ' ' ;
B3 UES o Y Y 'i ..................... cas]| 152
Februury........l..........'...........I.... SR | B | (s P 1 | 0.42
Mareh..... ,I ...... ! ..... FRRIN PO 4.80
April 16-80......| 12,785 | 4160 | 8708 ||10.90 [ 6.08 |eeereees| 4.8
MAY.enerrnenen..| 12,260 | 1,718 II 3,805 | 6.8 'l 7.80 184 5.44
June......oooeof 2898 | 896 | 1,170 | 190 | 212 121 176
July..eee coeer..] 2630 | 270 | 571 ‘ .98 ‘ 1.07 16 8.79
August..........| 6,290 : 270 1,018 | 1.85 ‘ 1.90 43 4.87
September...... 395 185 259 42 4 19 2.42
October.........| 8770 209 660 ‘ 1.07 | 1.28 90 1.87
November 1-15.. 710 239 361 ‘ .60 a3 Raosaas]  1av
December......| ...coviudeens Boao® booag pogall Wagpooot! booaonoad [Sooooooth 6.20
Theperiod....l.. J B LT P PP FRTRPPTS 41.33
Sundays interpolated.

Rainfall at Plymouth, N. K.
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MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H,, FOR 1902 AND 1903.

(Drainage area, 616 square miles.)

Discharge in second-feet. | Run-off,
we = [
Month. E 5 g % : 8 g";f (11132:!111?;.1)'

i | 8| 9 |ssf| |

d 5 @ SrE | o8 | HE

= = @ =] [

1902. = '
OIS YT SR o~ - A | R 151 SR [ - | 5 2.27
) o1 T TR A S PSR 4| R SR - RPN P " N 1.83
March.....oooaaifonns JB00H| Boood Bt o | 5| By Bt o 4.37
April 16-80...... 6,290 1,840 8,268 6.81 I 2.98 |eevuanns 3.41
May.ceeerananann 12,260 306 3,877 5.49 ! 6.33 210 3.02
June ........ann . 6,280 1,110 2,044 3.82 3.70 82 4.62
July.cececeecanen 3,220 710 1,481 2.33 2.69 ‘ 84 8.20
Augusb.......... 1,336 366 696 1.13 1.80 34 8.86
September......| 4,560 306 1,128 | 1,8 | 2040 | 38 5.72
October......... 18,560 766 2,588 4.18 4.78 i 110 4.27
November 1-16.. 2,360 1,110 1,617 2.68 147 evvennns 1.16
December......fceeeemenesesecacennfecesnnnaaalenas l 5.22
19G8.
JANUATY...cvvenferrraniennfonanann, N R ceeaen P B 8.92
February........feeeeeciccaafeenns R P o oM o o et ooooogd e e S
March...ccooocoeefesesanennes ceesceccesfenacee. obd| Bhodt) eoafesecsena]aannaand 5.29
April 16-80...... 8,100 350 1,729 2.81 1.668 leeansses 1.88
May...... esvenns 8,620 895 1,285 2.09 2.41 1,600 0.15
June....cooennn 10,896 360 2,088 841 8.80 60 6.84
July...coovenenn . 2,896 810 726 1.18 1.86 81 4.44
August.......... 2,190 443 768 1.28 142 48 3.28
September...... 497 144 264 0.40 0.45 68 0.78
October ......... 1,606 149 488 0.79 0.91 26 3.4
November...... 710 216 412 0.87 0.76 50 1.50
December 1-20*. 840 216 876 0.61 046 [sass =os 2.68
Bundays interpolated.

Rainfall at Plymouth, N. H.
* Frozen, December 21-81.
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ESTIMATED MONTHLY DISCHARGE OF PEMIGEWASSET
RIVER AT PLYMOUTH, N. H., FOR 1904.

(Drainage area, 616 square miles.)

Discharge in second-feet. Run-off
2o a o
» 18] =)
$ od bl 7 Rainfall.
Month. E g g, A% | 53 |(Inches.)
g ; |B2s| =& | 8%
=2 5]
M 'g 5 =3 Rg =
] o 3 X of 3R
= g 2 |82 |a &
1904.
January......... 2.06
February... 1.82
March........... 2.84
April 5-80*....... 11,420 1,88 4,607 7.49 7.2 [eiiaeass 5.68
MAY . ioeeeeansens 11,840 980 4,741 7.71 8.89 170 5.14
1,200 282 587 0.87 0.97 48 2.28
1,020 149 888 0.66 0.63 16 4.14
5,400 216 594 0.97 1.12 27 4.18
September...... 6,470 149 1,046 1.7 1.80 80 6.40
October....... o 7,780 546 1,628 2.48 2.86 94 8.04

* Ice, December 21, 1908, to April 4, 1804.

Rainfall at Plymouth, N. H.
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CONNECTICUT RIVER DRAINAGE BASIN.

Connecticut River has its source in Connecticut Lake,
in northern New Hampshire. Its extreme headwaters,
however, lie in the provinee of Quebec and in the mountains
on the northern boundary of New Hampshire; thence the
river flows in a southerly direction between New Hamp-
shire and Vermont and through Massachusetts and Con-
necticut into Liong Island Sound. The total drainage area
is 11,085 square miles, of which 155 square miles lie in the
province of Quebec. Its total length from Connecticut
Lake to Liong Island Sound is 345 miles. On its banks
are many cities and towns of importance. It is in general
closely followed by one or more railroad lines. Water
power is used at several points, notably at Windsor Liocks
in Connecticut, Holyoke and Turner’s Falls in Massachu-
setts and Bellows Falls and Wilder in Vermont. The
valley of Connecticut River proper is very generally in
farm lands. Many of its tributary basins, however, es-
pecially in the northern portions, are heavily wooded.

DRAINAGE AREA OF CONNECTICUT RIVER AND TRIBU-

TARIES.

River. | Locality. Area—square miles.
Connecticut........... l MOUth e e esea et eoceacescesl 11,085
Connecticut........... Hartford, COnN...... vevee crenens . 10,236
Connecticut...........| Orford, N.Heeeteereraeraaannannas 8,805
Connecticut........... In Canada....oieivvennnnnniinnns | 166
Ashuelot .........uueee ‘Winchester, N. Heevvovevrnnnn oo . 886
White....oceveiiiennns Bharon, Vi .eoveeeeieriienaionens ‘ 680
AIMMONOOBUC..ceauass Bretton Woods, N. Heveevvnnanaan 84
Zealand ....... ....... MOUth cc.oeecescnctiiccsccscasacnas 14
) €] -1 ) P Below Bouth Branch.............. ‘ 21.2
ISrael..ceeceieranennnns Above Bouth Branch............. 8.7
Passumpsic...... .....| Bt. Johnsbury Center, Vt......... || 880
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ISRAEL RIVER (ABOVE SOUTH BRANCH) NEAR
JEFFERSON HIGHLANDS, N. H.

This station, shown on Plate IV, was established Septem-
ber 2, 1903, by N. C. Grover. It is located at a small
wooden highway bridge in the town of Randolph, about half
way between the railway stations of Jefferson Highlands
and Bowman and two and one half miles from either place.
The drainage basin at this point has an area of 8.7 square
miles. The headwaters of the river lie on the slopes of
Mount Adams and Mount Jefferson, at elevations approxi-
mating 5,000 feet. The length of the river from its source
to the gaging station is about five miles. The elevation
at the gaging station is about 1,400 feet. All slopes are
steep; many are precipitous. There is no pondage or ar-
tificial storage of the water. The underlying rock is gran-
ite, exposed in the mountain tops. The basin was generally
in virgin forest when this station was established but a
considerable area was cut during the winter of 1903-’04.
A statement in detail of the forest conditions on this drain-
age area will be found on page 143.

A standard chain gage is attached to the upstream truss
of the bridge; length of chain, 15.43 feet. It is referred
to bench marks as follows: (1) Marked point on east end
of cross timber of bridge, elevation 8.58 feet; (2) Top of
boulder, 150 feet east of bridge, 30 feet south of river,
clevation, 11.99 feet. Elevations are above datum of gage.
The channel is straight for 100 feet above and 50 feet be-
low the station and is about 20 feet wide. The banks are
subject to overflow in extreme freshet. Low water meas-
urements are made by wading about 20 feet above the
bridge. The bed is gravelly and permanent. The gage
is read once daily by E. A. Crawford of Jefferson High-
lands.
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LIST OF DISCHARGE MEASUREMENTS OF ISRAEL RIVER,
ABOVE SOUTH BRANCH, AT RANDOLPH, N. H.

Area of %‘1’;‘: Gage Dis-
Date. Hydrographer. sec. (Ft or height. charge.
- (Bq. ft.) P! (Feet.) | (Bec. ft.)
o sec.)
L4
1808. |
1| Sept. 2 | H. K. Barrows.......  14.1 0.67 1.20 9.4
Bept.18 | H. K. Barrows....... | 14.1 0.57 1.17 8.1
8 | Oct. 9 | N.O. Grover......... 12.6 0.46 1.16 5.8
1904. ‘
4 | Apr. 16 | N. O. Grover......... 23 0.94 1.44 22
5 | Apr. 18 | N. 0. Grover......... \ 24 0.82 1.48 22
6| May 1| 8.K.Olapp.......... 46 2.18 2.83 100
7| May 11 | 8. K. Olapp «.ceeeenen 48 2.44 2.36 117
8| May 26 | B. K. Clapp - «ceceuetn ‘ 29 1.14 1.60 33
9 | June16 | 8. K. Olapp+..eeauen. 16 0.41 1.08 6.6
10 | July 22 [ 8. K. Olapp ....c..... 8.1 1.28 1.04 3.9
11 | Aug.10 | 8. K. Clapp ««vevenene 8.0 1.43 1.04 4.8
12 | Bept.24 | H. K. Barrows....... 17 1.04 1.4 18
13 | Oct. 18 | T. W. Norcross...... 17 0.76 1.82 12
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ISRAEL RIVER,
ABOVE SOUTH BRANCH, JEFFERSON HIGHLANDS,
N. H., FOR 1803.

— —
Day. !Jan. [Feb. | Mar. Apr. lMay. June.IJuly. Aug. Eept.‘ Oct. | Nov.| Dec.

1 ‘ 1.08 | 122 | 1.08
| R e L L L e L] 1.20 | 1.16 | 1.20 | 1.08
[N A O [ R Ry Ll Lo o S ‘ 1.20 I 1.12 | 1.20 ‘ 1.20
Qs = et e et S - 1.20 [ 1.10 | 1.20 | 1.80
(| e e A | I et Lo ] 1.20 | 1.58 | 1.2 | 1.60
6 1.20 ‘ 1.20 [ 1.88 | 1.70
7 1.20 ‘ 116 | 182 | 170
8 1.10 [ 1.16 | 1.20 | 1.60
9 1.10 | 1.20 | 1.08 ' 1.50
10 1.10 | 1.15 | 1.08 | 1.80
1 L ! e 1.1o|1.1o 1.1o| 1.20
TR TR | SRR S| S Lot [ (ERS lveees 110 | 1.10 | 1.20 : 1.20
TY i I RN (g [ It B (R e 1.0 | 1.20 [ 1.20 | 1.40
1 120 | 1.20 | 118 | 2.20
16 . 1.10 ‘ 1.20 | 1.18 | 2.20
16 1.0 | 1.8 | 1.8 | 2.00
VA e (oo R 0 T ISR 1 LSRR [ (IO 1.10 ‘ 1.18 [ 1.18 [ 1.80
18 B PP T (R Al S| SRR 1.18 | 1.60 [w1.82 | 1.60
19 v 10 [ 198 | 188 | 100

20 1.10 | 1.26 | 1.56 | 1.40

21 1.0 ‘ 1.20 | 1.60 | 2.20

22 1.10 | 1.20 | 1.60 | 2.40

23 | (W] S 5 FRR) (RN RN i 1.10 | 1.20 | 1.82 | 2.50
YR IR SR IS (SO IS [TORI AN [SSlee! 1.10 [ 1.80  1.12 | 2.50
PT | U I Sl Il ol el (i b 1.10 | 1.25 | 1.62 | 2.40
D PO L O | I el e e Pt 1.08 | 1.20 | 1.40 | 2.00
G | v Pryr (ol Lo || 1.08 | 1.15 | 1.80 | 2.00
o8 .. Bl L AR e - 1.16 | 1.16 [ 1.85 | 1.10
e 10118 1.88] 1.40

NN OO [N | SO (R SR (S| S T 1.10 | 1.26 | 1.08 | 1.40
=700 DL GO SR Il ISR ol PRSI (B SN 1.22 [reeees 1.20

*Anchor ice from November 18-December 81.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ISRAEL RIVER,
ABOVE SOUTH BRANCH, JEFFERSON HIGHLANDS,

N. H., FOR 1904.

Day. |Jan. |Feb.|Mar.| Apr. | May. June. July.| Aug.|8ept.| Uct. Nov.l Dec.
1 (1.20| .80 | .80 | 1.40 | 2.85 ' 1.356 | 1.10 1 1.20 | 1.10 | 1.60 | 1.46 |......
2 1.20 .80 .80 1.30 | 2.00 | 1.80 ' 1.10 [ 1.18 | 1.82 | 1.60 | 1.46 |......
3 |1.10 .80 .80 (1.30 1.80 | 1.40 | 1.45 | 1.30 | 1.60 | 1.60 I 1.40 |oeeene
4 |1.06| .78 | .80 1.30 2.10 | 1.36 | 1.45  1.30 | 1.56 | 1.50 | 1.85 |-.....
6 1.00 .78 .80 ( 1.30 | 2.10 | 1.30 | 1.30 4 1.20 | 1.50 | 1.50 | 1.86 |......
6 1.00 .78 .80 | 1.26 | 2.00 l 1.30 | 1.26 | L.16 | 1.40 | 1.60 '.. .
7 .80 | 1.80 .80 | 1.65 | 2.10 | 1.45 | 1.20 | 1.10 | 1.40 | 1.80 |.e0uvefens
8 .80 | 2.50 .80 | 1.60  2.10 | 1.40 | 1.16 | 1.06 | 1.85 | 1.60 ceeceeevrnns
9 .86 | 2.80 .80 | 1.60 2.00 | 1.36 | 1.10 | 1.00 | 1.30 | 1.55 |. efocenas

10 .86 | 3.00 -80 | 1.50 I 1.90 ‘ 1.80 | 1.05 | 1.00 | 1.80 | 1.50 |eeece | 20eee
11 .86 (2.60 | .80 | 1.50 | 2.35 | 1.26 | 1.00 | 1.06 | 1.26 | 1.60 | ...eofeenn..
12 .86 | 1.50 .80 | 1.50 | 1.80 | 1.20 86| 1.10 [ 1.20 [ 1.40 j.ccecafeecses
13 .82 [ 1.30 .80 [ 1.70 | 1.70 | 1.16 1.20 | 1.856 | 1.16 | 1.86 |evecaafoieaee
14 .82 (1.10 | 2.00 | 1.70 A 1.70 | 1.16 | 1.10 | i.80 | 1.16 | 1.80 |ceeeaefocnon.
156 .82 | 1.00 | 8.20 | 1.50 | 1.66 | 1.12 | 1.08 | 1.62 | 2.15 | 1.80 |suteeafeensse
16 .80 | 1.00 | 8.00 | 1.45 | 2.00 | 1.12 | 1.05 | 1.55 | 1.60 | 1.80 1
17 .80 .86 | 2.70 | 1.40 | 8.20 | 1.10 | 1.00 | 1.50 | 1.60 | 1.30 .eeccesivensnn
18 .80 .92 | 2.40 | 1.40 | 2.10 | 1.10 .98 | 1.40 | 1.80 | 1.30 “er
19 .80 .00 | 8.20 | 1.45 ' 2.26 | 1.06 | .98 | 1.30 | 1.20 | 1.28 .
20 .80 .88 | 4.30 | 1.46 | 2.30 | 1.00 ' .98 | 1.26 | 1.70 | 1.20 |.ceouafeenne .
21 .80 .88 | 4.00 | 1.50 | 2.00 | .95 .98 | 1.68 | 1.60 | 1.28
22 .80 .88 | 8.40 | 1.50 | 2.00 | 1.36 .96 | 1.62 | 1.60 | 1.26 eoselisasee
28 .80 | .88 | 3.00 | 1.60 ‘ 1.80 | 1.26 .96 | 1.60 | 1.50 | 2.00 |ceceeejeer.n-
24 .80 .86 | 4.40 | 1.68 | 1.76 | 1.26 I .98 | 1.66 | 1.40 | 1.80 |eceevefeneene
26 .80 .85 | 4.80 | 2.70 ‘ 1.60 { 1.80 | 1.00 | 1.60 | 1.60 | 1.80 |..... deseeee
26 .80 .85 | 4.70 | 1.70 : 1.65 | 1.26 I 1.20 | 1.40 [ 1.60 | 1.70 |eccecefoccece
27 .80 .82 | 4.00 | 1.70 | 1.66 | 1.10 | 1.20 | 1.80 | 1.50 | 1.75 |evees feecree
28 .80 | .82 | 2.00|1.90 (1.56 | 1.10 | 1.15 | 1.20 | 1.40 | 1.70 |...... “e aer
29 .80 .82 | 1.70 | 2.90 | 1.50 | 1.16 | 1.18 | 1.16 | 2.00 | 1.60 |cceecefoeceee
30 1.40 | 2.80 | 1.46 [ 1.16 | 1.20 1.15 | 1.90 | 1.66 |cccceefecc--e
81 1.40 |e.c.0.] 1.40 iove 1.16 | 1.10 |ceeees| 1.55 [eocenrafeccaee
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RATING TABLE FOR ISRAEL RIVER, ABOVE SOUTH
BRANCH, NEAR RANDOLPH, N. H., FROM SEPTEM- .
BER 2, 1903, TO DECEMBER 31, 1904.

2 PR e R o PG
3 o 3 ] 3 ] T $0 T £
slilsld|s|3|2|9|2| 2
§|a|8|A|8|a|s5|A|3]| A
1.00 8.0 2.00 87 8.00 r 230 4.00 410
1.05 4.0 2.06 8 [sesans . 'i ....................... .
1.10 5.8 2.10 79 8.10 I 248 4.10 428
1.15 6.8 2.15 - T PR cofeveceses| auas srvan
1.20 8.6 2.20 93 8.20 266 4.20 448
veesesasfensacans 1.25 10.6 2.26 100 [eeecececfeceencseforcronccfocaiacsas .
ceesecas seeseess| 1.80 13 2.80 108 3.30 284 4.80 464
seeceses|acsecnns 1.36 16 2.85 B 5 T I Y P PR cesen
vesesesafessnenas 1.40 18 2.40 124 3.40 802 4.40 482
................ 1.45 21 2.45 132 fecececncfrencrecelecscececfisncecnces
veesenei|ecececes 1.50 24 2.50 140 8.50 820 4.50 6500
FETRTTTTS PR 1.56 27 2.65 149 |eeecececfrecccace]erananss ceesessane
seeees sofeones ... 1.80 80 2.60 168 3.60 338 4.60 6518
coeisece| soncens 1.85 34 2.856 B L A R Y P ETRTTTIRT
1.70 88 2.70 178 8.70 866 4.70 636
1.76 42 2.75 185 |eececces|esecncnafocannces sesrasnnn
1.80 46 2.80 194 8.80 874 4.80 654
1.85 50 2.85 1 O T ceecsseces
1.90 66 2.90 212 8.90 5 I I .
0.95 2.2 1.95 61 2.95 775 (O PR A P ceves|oee secess .

This table is applicable only for open channel. ILis based upon discharge
measurements of 1903 and 1904. Itis well definud between gage heights 1.0
and 2.4 feet, Outside these limits it has been extended by interpolation. It
is tangent at 2.5 feet gage height with a difference of 9 per tenth. The table
has been applied to the nearest hundredth foot gage height.

13
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ESTIMATED MONTHLY DISCHARGE OF ISRAEL RIVER,
ABOVE SOUTH BRANCH, AT JEFFERSON HIGH-
LANDS, N. H.,, FOR 1603-'04.

(Drainsge area, 8.7 square miles.)

Discharge in second-feet. Run-off.
2o =] =
@ o
s o2 hod ..« |Rainfall.
Month. E E <8, a4 £73 [(Inches.)
| 8 ;| Bfs | Ba | 9%
2! = 3 o= | &9 | °3
8 ] gBH| o8 | &8
= E 2 | a a &
19803.
September 2-80.. 8.6 4.8 6.1 .70 oT6 fJescscocs dooaq oo
QOctober......... 29 4.8 9.3 1.07 1.28 b1 2.43
November 1-17.. 17.0 4.8 8.7 1.00 B3 feeearsns 1.41
December .....ifeeccscsscssfscccccsccifescssccsso]ecccieaafocsennns]e ceseces 2.02
1904.
January......... [TTTTTT TR TR PR PR R PO T LTTYTTRIN oo000] 2.58
February..cccecfescccccoadfocoescccac]eccacinicdfivacince]ecernnae]ereeiean 1.22
March14-31.....| 554 18.0 259 20.77 | 19.88 |iecuiens 2.31
212 10.6 39 4.48 5.00 150 8.87
266 [ 21 66 7.59 8.76 200 4.46
21 2.2 10.1 1.16 1.29 65 1.97
21 2.2 6.6 .76 .86 23 3.66
38 8.0 14.8 1.64 1.88 38 5.32
86 5.8 24.7 2.84 8.17 62 6.08
67 10.8 26.4 38.08 8.49 134 2.60




PLATE IV.
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GAGING STATION ON ISRAEL RIVER AT JEFFERSON HIGHLANDS (BELOW
SOUTH BRANCH).
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ISRAEL RIVER (BELOW SOUTH BRANCH) NEAR
JEFFERSON HIGHLANDS, NEW HAMPSHIRE.

This station, shown on Plate IV, was established Sep-
tember 2, 1903, by N. C. Grover. It is located at a small
wooden highway bridge about two miles from the railway
station at Jefferson Highlands, in the town of Jefferson.
The drainage basin at this point is 21.2 square miles. South
Branch of Israel River has its mouth above this station and
below the station previously described. South Branch
drains an area of 10.5 square miles; its headwaters are on
the slopes of Mount Jefferson and Mount Dartmouth, at
elevations of 3,000 to 5,000 feet. The extreme length from
its source to its mouth is about five miles. The elevation
at its mouth is about 1,350 feet. As all the slopes are steep,
there is little or no storage of water. The underlying rock
is granite, exposed in the mountain peaks. The basin has
been generally ‘‘hard cut,’’ as the lumbermen say, but has
not been burned. A statement in detail of the forest con-
ditions on this drainage area will be found on page 143.

A standard chain gage is attached to the down stream
side of the truss of the bridge, length of chain, 12.99 feet.
It is referred to bench marks as follows: (1) Marked point
on center cross timber of bridge, elevation 8.14 feet; (2)
Top of boulder, 50 feet north of bridge, 15 feet west of
highway, elevation 5.20 feet. Elevations are above datum
of gage. The channel is straight for 100 feet above and
100 feet below the station and is about 20 feet wide. The
bed is rough and rocky but permanent. The banks are
subject to overflow in extreme freshets. Depths average
at low water about one foot. Gage is read once daily by
E. A. Crawford of Jefferson Highlands.
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LIST OF DISCHARGE MEASUREMENTS OF ISRAEL RIVER,
BELOW SOUTH BRANCH, NEAR JEFFERSON HIGH-

LANDS, N. H.

Area | Me8D | go0o | Dig-
No.[ Date. Hydrographer. v%lede%h ogq.s?g. gtz:%;;_ hlgzget.t. ggg%g
1908
1| Sept. 2 | H. K. BATTOWB teee neee|eeasanse 18.3 1.86 118 17.9-
Sept. 18 | H. K. BAITOWS.ceeeeenre]eracenns 12.8 1.21 1.10 14.9
3 | Oct. 8 | N.O.Grover...ceeeeeee. cessenen 10.4 1.1 1.03 11.56.
1804
4 | April 18 [ N. O. GrOVer scceeererecfeeccenss 16 2.56 143 42
6| April 18 [ N. O. Grover.....cceeeeefsecaeees 18 2.87 1.49 52
8| April 80 [ 8. K. Olapp..eeeeveernnnafenanenns 84 476 | 2.65| 804
7| May 1| 8. K.0lapDeiceenieeenesecneiann 54 429 | 228| 232
8| May 11 | 8.K.OlapD.eeeecvresrsonsfeesaenes 57 4.80 2.40 | 873
9| May 26| 8. K. OlaDDeccseeenerenes]oeeranns 24 833 | 1.4 80
10 [ June 16 | 8. K.Clapp.ceeceee Soxrt | e 12 1.26 1.09 16
11 | July 22 | B. K. ClapDeeeeeeererens]ereeeae.| 104 | 079 | 094 8.2
12 | Aug. 10 | 8. K.Clapp........ 11.6 0.82 1.00 9.4
18 | Sept. 24 | &+ (K. Barrows A 185| 199 | 140/ 37
14 | Oct. 13 | T. W. Norcross.. 17 1.68 1.36 28
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ISRAEL RIVER,
BELOW SOUTH BRANCH, AT JEFFERSON HIGH-

LANDS, N. H., FOR 1903.

Day.

Jan. | Feb.

Mar.

Apr.

May.

June.

July.| Aug.

Sept.

Oct. | Nov.

Dec.

£ - T - T U N

)

10
11
12
18
14
16
16
17
18
19
20
21

8

24
26
26
27
28
29
80
81

e 2

sesses|anssne

eseses|assses

cssss |eneses

eseseslsccsne

ssecce sesese

cesscefocace

cesese/sscses

seseseeresns

ces- 4
cecse

cesese

ceeead

cesese

sesees

seesee

eesecsliceses

ol

eesese svsnes

sesess sesess

|
|
|

secscovecans

1.10
1.10
1.10
1.20
1.10
1.10
1.10
1.10
110
1.10
1.10
1.00
1.00
1.00
1.00
1.00
110
1.02
1.02
1.00
1.00
1.00
1.00
1.00

.98

86
1.06
1.00
1.00

sesecs

1.00 | 1.12
1.12 | 1.06
1.02 | 1.06
1.00 | 1.06
142 | 112
1.16 | 1.80
1.08 | 1.28
1.06 | 1.20
1.06 | 1.10
1.02 | 1.10
1.00 | 1.10
1.00 | 1.10
1.10 | 1.10
1.06 | 1.10
1.06 | 1.10
1.02 | 1.12
1.02 | 1.16
1.66 | 1.28
1.26 | 1.28
1.22 | 1.28
1.10 | 1.28
1.08 | *1.68
1.08 ! 1.80
1.20 | 1.02
1.10 | 1.60
1.08 | 1.92
1.06 | 1.68
1.06 | 1.68
1.06 | 1.60
1.16 | 1.18
112 |eeeeen

1.18
1.18
118
1.18
118
1.18
1.18
1.16
1.16
112
112
112
1.80
2.20
2.20
1.80
1.60
1.40
1.40
1.80
2.50
2.60
2.80
2.10
2.10
2.70
2.60
2.10
110
1.80
1.60

* Anchor ice from November 22 to December 81.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ISRAEL RIVER,
BELOW'SOUTH BRANCH, AT JEFFERSON HIGHLANDS,

N. H., FOR 1904.

Day. |Jan. | Feb.| Mar.| Apr. Muy.'June. July.| Aug.|Sept.| Oct. | Nov.| Dec.
1 1.60 .86 86| 1.40 | 2.85 | 1.85 | 1.10 | 1.20 | 1.10 | 1.60 | 1.45 [....-~
2 1.40 .86 .85 | 1.85| 2.00 ( 1.80 | 1.10 | 1.16 | 1.80 | 1.60 | 1.45 [-ccze~
8 1.10 .82 .82 | 1.85| 1.90 | 1.40 | 1.45 | 1.80 | 1.60 | 1.60 | 1.40 [ecec.s
4 1.08 .82 82| 1.85| 2.10 | 1.85 | 1.40 | 1.80 | 1.60 | 1.60 | 1.86 [evecee
] 1.00 82 .82 1.80| 2.10 | 1.30 | 1.80 | 1.20 | 1.50 | 1.50 | 1.85 [ecee-~
6 1.00 .82 82| 1.80 | 1.90 | 1.80 | 1.25 | 1.10 | 1.45 | 1.50 |rececefeneens
7 .96 | 1.90 82| 1.70 | 2.10 | 1.45 | 1.20 | 1.05 | 1.45 | 1.60 [eeeces|eseces
8 .92 | 2.70 .80 | 1.60 | 2.00 | 1.40 | 1.156 | 1.06 | 1.40 | 1.80 |ceeveefsecsss
9 .80 | 8.80 .80 | 1.60 | 1.90 | 1.86 | 1.10 | 1.00 | 1.836 | 1.55 |eceossfesesen

10 .90 | 8.00 .80 | 1.0 | 1.90 | 1.80 | 1.06 | 1.00 | 1.80 | 1.50 |ceoece|oosean
11 .80 | 2.10 .80 | 1.50 | 2.40 | 1.26 | 1.00 | 1.10 | 1.26 | 1.50

12 .80 | 1.20 .80 | 1.50 | 1.85 | 1.20 .86 | 1.10 | 1.20 | 1.40

18 .88 | 1.20 .80 | 1.70 | 1.76 | 1.16 | 1.20 | 1.80 | 1,16 | 1.86 [eeecee]esonen
14 88 [ 1.10 | 2.40 | 1.70 | 1.70 | 1.36 | 1.10 | 1.20 | 1.16 | 1.30 |eeeerefseneen
16 .88 | 1.00 | 8.60 | 1.50 | 2.056 | 1.12 | 1.08 | 1.60 | 2.22 | 1.80 [.eeecefeeeaes
16 85| 1.00 | 8.40 | 1.46 | 2.10 | 1.12 | 1.06 | 1.50 | 1.60 | 1.28 [cceusufe onen
17 .86 .90 | 8.00 [ 1.40 | 8.25 | 1.10 | 1.00 | 1.40 | 1.80 | 1.28 |eevere| coeen
18 .86 .80 | 8.70 | 1.40 | 2.056 | 1.10 .08 | 1.80 [ 1.85 | 1.28 |eceraafocccss
19 .86 .90 | 8.70 | 1.46 | 2.80 | 1.06 98 | 1.20 | 1.20 | 1.25 |eeeveefeocens
20 .86 .90 | 8.70 | 1.45 | 2.86 | 1.00 98 | 116 | 1.70 | 1.25 |eeececfocoeen
21 .86 .90 | 4.40 | 1.50 | 2.10 .95 98 | 1.70 | 1.60 | 1.25 |eeceusfsecses
22 .86 .88 | 4.20 | 1.60 | 2.00 | 1.86 86 | 1.60 [ 1.50 | 2.00 |ececocfsecsen
23 .86 .88 | 870 | 1.60 | 1.80 | 1.30 .95 | 1.60 | 1.40 | 2.00 |. ceesen
24 .86 .88 | 8.00 | 1.70 | 1.70 | 1.25 .88 | 1.50 | 1.40 | 1.92 | ..... -
26 .85 .88 | 4.70 | 2,70 | 1.656 | 1.80 | 1.00 | 1.40 | 1.80 | 1.85 [+ceeocfsecee
26 .86 .86 | 5.20 | 1,90 | 1.656 | 1.26 | 1.20 | 1.80 | 1.80 | 1.70 [eevssefssesse
27 .86 .86 | 5.00 | 1.80 | 1.76 | 1.16 | 1.20 | 1.25 | 1.50 | 1.70 [eeesse]ecccen
28 .86 .86 | 4.00 | 1.80 | 1.66 | 1.156 | 1.10 | 1.20 | 1.40 | 1.80 |ececccfeccccs
29 .86 .86 | 2.20 | 2.70 | 1.50 | 1.10 | 1.80 | 1.16 | 2.06 | 1.50 | ccocefcecece
80 86 |+eeeee| 1,70 | 2.80 | 1.46 | 1.10 | 1.20 | 1,15 | 1.90 | 1.50 [cesecafencces
81 86 |eesnee| 1,40 [seanes| 1,40 |eevnce] 116 | 1,10 [eeeeee| 148 [ceceeefoseeee

Ice January 1-March 18,
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RATING TABLE FOR ISRAEL RIVER, BELOW SOUTH
BRANCH, NEAR JEFFERSON HI1GHLANDS, N. H., FROM
SEPTEMBER 2, 1903, TO DECEMBER 31, 1904.

Fe] S e 5 a3 a3

= q o . & -l q Q .
Bleg|m|lg|S| g |2 || B |sg|®|s
Q [} Q Q

-1 E Pl E a E A E A g 2 g
@ [] -] [] (] @

Q Q Q Q (2]
la| F|lag|¥| 2 S| 2 ¥ l=| 2|2
o [=] o] [=] o] [=] o] A o] A ] [=]

esesasfececed 1.00 10 2.00 167 8.00 486 4.00 7168 | 5.00 996

eseessfeesss | 1,06 18 | 2.056 170 8.056 450 4.06 780 | 5.06 | 1,010
esesesfesssse| 1,10 18 | 2.10 184 8.10 484 4.10 744 [ 6.10 1,024
evescsfecesesl 1,16 19 [ 2,15 198 8.15 478 4.156 758 | 5.16 | 1,088
eseserfseses | 1.20 | 22 | 2.20 212 3.20 492 4.20 772 | 65.20 | 1,052
eesessfessses| 126 26 | 2.25 2268 3.26 508 4.26 788 [ececesfancens
esesceloeseesf 1.30 | 80 | 2.80 240 3.80 520 4.80 800 [eeeoacfeancae
esesesfeseses 1.85| 85 | 2.36 264 8.85 634 4.86 814 [ceoenc|esenns
esees| eoeee| 1.40 | 40 [ 2.40 268 8.40 648 4.40 828 |eeencefennnnn
esesedfeesess| 1,46 | 46 | 2.46 282 8.46 562 4.46 842 |ceeeeefencnns
seese |eseses| 1.60 | 52 | 2.50 286 8.50 576 4.50 866 |eceerefoncans
soesesfoccees 1.65( B9 | 2.56 810 8.56 590 4.56 870 |eeeeacferanss
esescefesesesf 1,80 | 67 | 2.80 324 3.60 604 4.80 884 [ceceua]ocnanse
sesessfecesss 1.85| 76 | 2.86 888 8.85 618 4.85 :1:1: 1 PR PR
weeesefeeeesd 170 88 [ 2.70 862 3.70 682 4.70 912 |ceevedferanan
secesefeseees L75| 97 | 2.76 866 8.756 646 4.756 926 |ececesfocnass
0.80 2.5 | 1.80| 108 | 2.80 880 3.80 860 4.80 040 [ceceecfocanen
0.85 8.7 | 1.85( 120 | 2.85 894 3.86 674 4.86 864

0.90 5.3 | 1.80 | 182 | 2.90 408 8.90 688 4.90 968 |eevcnafoccce
0.956 7.4 1.85| 144 | 2.95 422 8.95 702 4.95 982 |eeeenafsenane

This table is applicable only for open channel. Itis based upon discharge
measurements of 1908 and 1804. Itis well determined between gage heights
.9 and 2.6 feet. Outside these limits it has been extended by interpolation. It
is tangent at 2.1 feet gage height with a difference of 28 per tenth. The table
has been applied to the nearest hundredth foot gage height.
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ESTIMATED MONTHLY DISCHARGE OF ISRAEL RIVER,
BELOW SOUTH BRANCH, AT JEFFERSON HIGHLANDS,
N. H., FOR 1903-1404.

(Drainage area 21.2 square miles.)

Discharge in second-feet. Run-off.
wQ =1 L-J
o o & o
. 5] £ .1 |Rainfall.
Month. g g E 5 ad £33 |(Inches.)
B i a®g | 4 =
] 2 S8%F g wd
o QE L] ok
| = = ] [=] [
1908.
September 2-80. 22 7 18 .61 88 Jerssssas|snnnnrses .
October..... ceve 59 10 17 .80 .92 88 2.43
November 1-17. 80 13 18 .86 .54 1.41
December......|.cceeeeecccefacsescessefoccnceans H 2 R (o B 1 BoodBol 2.02
The period ...[.cccevunee s eonecses d learBonod ey b S (950004 oo 000000
1904.
January....... I FETTTTRPTN L ] Y P CETTT 2.58
ceveenaens secesssvcsfecese voafeccccccceliacsenns 1.22
40 578 | 27.28 18.26 |aasassns 2.91
80 87 4.10 4.567 140 38.87
40 162 7.17 8.27 190 4.46
7.4 25 1.18 1.82 87 1.97
7.4 17.4 .82 .85 26 8.68
August.......... 86 10 80 1.42 1.64 81 5.82
September...... 218 18 57 2.69 8.00 50 6.08
October......... 167 26 62 2.92 3.87 180 2.60

Ice November 22, 1903, to March 18, 1904.
Rainfall records for Jefferson Highlands, N. H.
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The discharge at the upper station on Israel River has
been subtracted from that at the lower station to obtain
the run-off from the area tributary to the river between the
two stations. The results are shown in the following table:

ESTIMATED MONTHLY DISCHARGE OF ISRAEL RIVER AT
JEFFERSON HIGHLANDS, N. H., FOR 1903 AND 1904.

(Drainage area, 12.5 square miles.)

Q.
Eeg Run-off.
e
o, ey} -1 L
Month =7 R i ° . |Raintan.
. =0 w8 ad &5 |(Inches.)
L=R- -] 5]
Tk g h% = SH
a Q a
oH 9 o8 A5
E @ =) A
1908.
September2-30...c.cccueesinaness 6.9 .66 11 | Bssoaoad bisanooaoas
OCtODO s oessecsarsssessosnssosonsh 7.7 .62 . 29 243
November 1-17...cccieerireresanss 9.8 .4 A7 lesessaan 141
December..cceerecarececcssnnnes evesssesac]escsseccarsfeceseoaseilen SO0k 2.02
1904.
R E:5 1 T:D o codBbeds 2.8
February 1.22
March 4-3l.cceviiecncecnes caesee . 819 26.52 17.08 [evcvenns 2.81
48 8.84 4.28 180 8.87
86 6.88 7.93 180 4.46
14.9 1.19 1.88 68 1.97
10.9 87 1.00 27 8.68
16.7 1.26 1.46 27 5.82
September......... 50000000 ooCpooTa 82 2.66 2.86 47 6.08
(01 7] 15 s B0600080000000000aDo0d 86 2.88 8.82 180 2.6
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AMMONOOSUC RIVER AT BRETTON WOODS, N. H.

This station was established August 28, 1903, by N. C.
Grover. It is located at the steel highway bridge near
Mount Pleasant House at Bretton Woods. The drainage
area at this point is 34 square miles. The headwaters of
the river come from the westerly slopes of Mount Jefferson
and Mount Washington and the lesser peaks of the White
Mountains lying to the south. The underlying rock is
granite, which is exposed at points in the river bed and on
the various mountain summits. The slopes and valleys are
usually well forested, with a preponderance of evergreen
growth. Much of the area has been cut for spruce several
years ago, but there is now a thick forest cover. A state-
ment in detail of the forest conditions on this drainage area
will be found on page 143. There is no pondage or artificial
storage. The slope of the river is steep. A typical view
on this river is shown on Plate V.

A standard chain gage is attached to the floor on the
down stream side of the bridge; length of chain, 18.86 feet.
It is referred to the following described bench marks: (1)
Marked point on bridge near gage, elevation 17.36 feet; (2)
Northwest corner of east abutment, elevation 14.46 feet;
(3) Top of boulder, 100 feet below bridge and between the
river and tracks of Boston & Maine Railroad, elevation 17.11
feet. Elevations are above datum of gage. Measure-
ments of flow are made from a footbridge located about 300
feet down stream from the gage. The channel is straight
for 300 feet above and 200 feet below this bridge and is
about 35 feet wide. The banks are high and not subject
to overflow, except in extreme freshets. The bed is some-
what rocky, but permanent. ILiow water measurements are
made by wading about 100 feet above the footbridge on
account of small velocity at the station.
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LIST OF DISCHARGE MEASUREMENTS OF AMMONOOSUC
RIVER AT BRETTON WOODS, N. H.

als |35
|8~ |28 |2 |82
Date. | Hydrographer. | . | & £e 2| &% Remarks.
S| a0 |gs | wa |58
s ARSI R
= BE|l4 |8 |87 |a
1908.
1| Aug. 28 | H. K. BaArrows...|e.c«|[ceeees|eeceas| 1.66 46
2| Sept. 2 | H. K. Barrows...!.... sececs|encees| 1.60 81
8| Sept. 8 H.K.Barrowe...:................ 1.48 | 29
4| Sept.17 | H. K. BAIrrows...|«ece|eesecefeesa..[ 1.26 16
6| Sept.17 H.K.Barrows...:.... Sesees|seeess|hl:26! 16
6| Oct. 10 | N. 0. Grover.....| .. feeeed ennd] 12684 40
1904. \
7| Apr. 16 | N. C. Grover..... 87 94 | 0.95 | 2.00 89
l [out of order.
8| Apr. 80 | 8. K. Olapp......| 40 | 172 | 8.22 | 8.46 | 664 | Discarded. Meter
9| May 2 | 8. K. Qlapp......| 40| 168 | 2.81 | 8.20 | 467
10| May 9 | 8. K. Olapp......| 40 176 | 8.62 | 8.47 | 684
11| May 10 | 8. K.Olnpp......I 40 | 176| 3.68 | 8.61 | 627
12| May 20 | 8. K. Olapp......| 89 | 167 2.99 | 8.16 | 489
18| May 25 | 8. K. Glapp......: 82| o1|1.35| 219 128
14| June10 | 8. K. Olapp......' 80 66| 0.66 | 1.60 48
| [above gage..
16| July 21 | 8. K., Clapp......| 14 16 | 1.12 | 1.24 18 | Measurement 400
[above gage.
16| Aug. 9 | 8. K. Qlapp......| 14 17| 1.36 | 1.80 28 | Measurement 800
17| Aug. 28 | H. K. Burrows...| 86 82| 0.82 | 1.89 67 : 0
! ag
18| Aug. 24 | H. K. Barrows...| 22 26 | 1.76 | 1.87 44| Wading b e%o w
H. K. Barrows... ggage.
19| 8Bept.26 | m W' Norcross. . 94 | 1.26 | 2.26 | 118 | Footbridge below
20| Oct. 11 | T. W.Norcross..| 88 79 0.78 | 1.84 82
21| Nov. 17 | T. W, Norcross..| 85 62 | 0.46 | 1.61 28
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MEAN DAILY GAGE HEIGHT, IN FEET, OF AMMONOOSUC
RIVER, AT BRETTON WOODS, N. H., FOR 1903.

Feb. Sept.| Oct. | Nov.| Dec.

Day.  Jan. Mar. June.

Apr.| May. July.(Aug.

.....‘1.| 1.66 | 1.86 | 1.70 | 1.80
eesesciecncasfocscsefensncsiocesceliseanefensess 1,66 | 1.42 | 1.62 | 1.80

ceecesfocenes .‘ 1.48 | 1.88 | 1.58 | 1.80

' ceeeafereendecenidenniideniidoiiioeeend 1242 | 1,95 | 1.50 | 1.85
. cevedernveeeennifoneen 152 | 1,52 1.88 | 1.85

eesscefenscssloccscefeasanclocancefecacaafacaessf 1.48 | 1.62 | 2.06 | 1.86

sesess/eencaafeccceafrcccesleccrssvesesafesseaclacasas 1.44 | 1.46 | 1.65 | 1.85

© H® N & &Lk D =

1.44'1.43 1.56 | 1.85
1.86 \ 1.56 i 1.86

1.40
sossadbacessfravacefsecocslinarecfacaeec|eoceneslie...il 1.40 [71.65 1.50!1.40

eecsscfsecnee|occsce] seneafiies sfecccaafescccsfacaaee| 1.40

(=3
o

‘ FRTN PR .. 1.40 | 1.70 | 1.66

-t
-

| I '

' eeeeefenereeliiniesieniaa]iiiiaalaieeaifeceeeeieee../ 182 | 1.60 | 1.50 | 1.85

[
o N

secece csccacloncsnse

'.... l 1.82 | 1.52 | 1.650 | 1.62
....ll eeess| 1.82 | 1.50 1.50.

-
S

2.12

(=3
o

l 1.82 | 1.46 | 1.50
verees 1,28 | 1.46 | 1.60 |vueuns

(=3
-]

(&)
b<}

R R Ry

..|. 1.28 | 1.46 | 1.50 |scurss

=
@

l
} 1.56 | 2.60 1.ssl......
lﬁ cesreefircend 1.40 | 1.95 1.65‘1.50

85

'] ceeendfeecii]e oo cili 1.8 §i1.751] 1. a0t e

]
=

Teoreedeeerfeeaeedomeedfeannnencce]eeene]eeni] 186 | 1.60 | 1.55 | 2.82

I] 1.82 | 1.60 | 1.50 | 2.62
l 1.80 | 1.68 | 1.50 | 2.22
ceensefeericefenenedeniiidocin 1.80 | 1.8 | 1.48 | 1.78

ecesefescscalesesecfecacnclosaaas 1.80 | 1.66 | 1.46 | 1.60

8

8

N

CERET R PR PP

sesces|sesessfossaes eranaslecasas 1.80 | 1.60 | 1.40 | 1.66

27 |eveecafecancafenrann

sesesafecsseafescsnefeaecas] 1.60 | 1.40 | 1.656 | 1.85 | 1.70
1.88 | 1.65 | 1.80 | 1.66
1.85| 1.60 | 1.82 | 1.60
cecessfecocee]eencefeeeee.] 1.66 i 1.85 |.... | 1.60

f2: T ET T PN P

[ R R N s I I e e e

:2 SO PP PN P

I
|

26 I 1.80 | 1.65 | 1.40 | 1.60
|

Ice December 16-31.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF AMMONOOSUC
RIVER, AT BRETTON WOODS, N. H., FOR 1804.

Day.
1
2
3
4
b
[
7

8

8
10
11
12
18
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
80
81

l Jan.

‘ 1.66
1.50

1.55

[ 1.40

2.10
2.20

el
o

1.60

Feb. | Mar.| Apr. |May./June.July. Aug. |Sept.| Oct. |Nov.|Dec.
vevenfoeeed 1,85 [ .78 | 1.88 | 1.40 1.40:1.35 2.75i1.85 [
veeeeleenens 1,80 [ 8.20 | 1.76 [1.78 [ 1.88 | 1.48 | 2.56 | 1.80 [......
veeeee| 2.10 | 1.90 | 2.90 | 1.76 | 2.02 | 1.58 | 1.48 2.40}1.80 etk
seeneefeesee| 1.90 | 8.80 | 1.70 | 165 | 1.50 | 1.90 | 2.20 | 1.80 v
sevees| 1.8 | 1.88 | 3.45 [ 1.70 | 1.62 | 1.88 | 1.58 | 2.10 | 1.80 |.-unvs
1.40 .....| 1.96 | 2.95 | 1.70 | 1.50 | 1.40 | 1.50 | 2.20 |.cceur|uunnan
veeeee 170 | 2.10 [ 8.10 [ 172 | 1.42 | 1.88 | 1.48 | 2.08 [
veveneloeees.| 2,60 | 8.18 | 1.78 | 1.88 1.32',1.45 172 [eeerefenennn
...... <+eee-) 8.85 | 2.90 | 1.68 | 1.85 | 1.80 | 1.42 | 1.80 [....eufieneee
weeenrleeees| 4.26 | 8.32 [ 1.60 | 1.85 | 1.80 | 1.40 | 1.80 e Mo
cvvess) 1475 2.95 | 8.60 [ 1.65 [ 1.5 | 1.48 | 1.88 | 1.82 [......]......
1.75’2.55 2.92 [ 1.50 | 1.95 | 1.68 | 1.85 | 1.78 |oooionen
1.86 |+v....| 2.85 | 2.78 | 1.50 | 1.45 1.55!1.40 1.80 ;
ceeeeefeeenns! 2,06 | 2.60 | 1.48 | 1.88 | 1.60 | 1.40 | 1.80 [eveunnfeeeis
veeeee 1.50 | 2.00 | 2.02 | 1.45 | 1.80 | 176 | 8.15 | 1.78 P L
veeee 1.60 | 1.80 | 3.85 | 1.42 | 1.30 | 1.48 | 2.20 [ 176 [oeeruifureene
‘ 1.65 | 1.90 | 4.22 | 1.40 | 1.80 1.4011.30 1.70 :
veeeeefoeeens] 2.00 [ 2.98 | 1.40 | 1.30 | 1.40 | 1.80 | 1.70 |eueuiileuennn
1.40 | 1.60 | 2.10 | 8.85 | 1.85 | 1.28 1.85 | 2.15 | 1.68 [
|‘21o 8:20 | 1.85 | 1.25 | 1.92 | 1.82 | 1.65 .. oofeeeee
eeeee] 1.50 | 2.00 | 2.82 | 1.96 | 1.26 | 2.80 | 2.70 | 8.65 |.eurur|enens
250‘155|2.oo 2.58 | 2.02 | 1.25 | 1.82 | 2.25 | 8.05 'I
240‘215 202 | 2.45 | 1.65 | 1.25 | 1.95 | 1.85 | 2.48 |.oooveonnes
2.82 | 2.40 | 2.48 | 2.82 | 1.48 | 1.25 | 1.70 | 1.92 2.25 s e
2.15‘3.05 .25 | 2.22 | 1.40 | 1.25 | 1.68 | 2.12 | 2.20 [..eeuu]eunnen
wevees| 7.60 | 2.82 | 2.18 | 1.68 | 1.80 | 1.52 | 2.00 [ 2.28 [.....loune
1.50 | 4.02 | 8.05 | 2.26 | 1.48 | 1.60 | 1.50 | 1.92 282'......1......
......:2.32 3.80 | 2.08 [ 1.45 | 1.85 | 1.42 | 1.82 2201......‘......
seeves| 2.00 | 8.95 | 1.95 | 1.40 | 1.45 | 1.40 | 1.90 | 2.85 |.ceevefoenne
e +.|2.00 | 8.76 | 1.90 | 1.40 | 1.42 | 1.40 | 2.90 2.ao ]
! 1.85 [eveaes| 1.85 |sesreel 1.85 | 1.85 [eeuens 198 roeesfeneees

Ice January 1to March 25.
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RATING TABLE FOR AMMONOOSUC RIVER, NEAR BRET-
TON WOODS, N. H.,, FROM AUGUST 28, 1803, TO
DECEMBER 31, 1004.

alie i | ia ] alziie Aeilic diadl -
(] ] go ] o o o [ b0 o (] @
31518 8|85 |55 |85 |38
A T - A - < O < O - Y O
gl8)18) & |2)A 2|8 |&8|28|s|4
4 Besodad 2.00 80 8.00 866 r4.00 940 5.00i1,540 6.00 | 2,140

........... 2.06 86 8.06 800 B constilesecsacsls aoleloinlseelonesileeeselelsceassss

........... 2.10 23 8.10 4156 4.10 | 1,000 ‘

........... 2.16 100 8.16 440 Jeeeooslecccccei]s

o8 oo R 2.20 108 8.20 466 4.20 | 1,080 feeccoelececcoans]en

1.26 16 2.26 116 8.26 490 BN o ofoli]e oo s ofee s |y Bo

1.80 18 2.30 126 8.80 520 4.80 | 1,120 [eeceee|enencnns

1.36 21 2.36 136 3.36 850, U]« feclois]e'o'c eanasfenosaa|soessoei

1.40 24 2.40 146 8.40 580 4.40 [ 1,180 |cececeleccescacfocaens

1.46 27 2.46 168 8.46 Bl0Sileccccaleccocact|snoschleaacoesalooosose]|saseees .

1.560 81 2.50 172 8.50 640 4.60 | 1,240 5.50 | 1,840 |ecocee|roscces B

1.66| 385 2.60 18T Pl e e e dloeocensclioolelccalle¥eeelelosssst]caenased Byio0a socooos

1.60 89 2.60 203 8.60 700 4.60 | 1,800 [es socfececcceafoscons Ho00T00 .

1.66 43 2.66 220 e eeifececccctloscest]asiene oo oo o MoHLY loanodk! kocoooo .

1.70| 48 2.70 238 8.70 760 4.70 | 1,860 [eeccccfecccccec|oscnccfeccans 00

1.76 53 2.75r 2567

1.80 58 2.80 277

1.86 63 2.86 297

1.90 68 2.90 818

1.956| 74 2.96 841

This table is applicable only for open channel. Itis based upon discharge
measurements made during 1903 and 1904. Itis well deflned between gage
heights1.2and 3.8feet. Outside these limits it has been extended by interpo-
lation. Itistangent at 8.5 feet gage height with a difference of 60 per tenth.
‘The table has been applied to the nearest hundredth foot gage height.
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ESTIMATED MONTHLY DISCHARGE OF AMMONOOSUC
RIVER AT BRETTON WOODS, N. H., FOR 1903 AND 1904,

(Drainage area, 84 square miles.)

Discharge in second-feet. Run-off.
. S8 g S
Month. g g g4 g | %7 |fachess
g B s .| 2¢ qa :
_S g & a%g | ¥4 3E
o= ae
-] o2 =l &
o ] 2l | oF BE
= = = @ =] [
1808.
September...... 35 17 23 .68 i3 | ldoooooad adtnasead
October......... 203 21 42 1.24 1.48 52 2.1
November...... 86 18 84 1.00 1.12 87 1.18
December 1-14.. 96 18 27 .80 3 oo 3.84
1904.
January.... 1.84
February....... 0.48
March 26-81..... 8,100 68 784 21.69 4.82 [.c.eenns 2.563
ADril oo v fee s f 1,090 58 2456 7.21 8.04 574 1.40
MAay.. ... e 1,072 68 862 10.86 12.28 419 2.93
JUDB.ceeeresansse 82 21 87 1.09 122 Jeeececacfecensaaces
July.e. cecenannn 82 16 26 .74 .85 26 3.19
August......... 126 18 86 1.08 1.22 27 4.48
September...... 440 21 80 2.86 2.62 84 7.81
October ......... 670 43 128 8.62 417 212 3.72

River frozen, December 15, 1903, to March 26, 1904.

Rainfall records for Bretton Woods, N. H.
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ZEALAND RIVER AT TWIN MOUNTAIN, N. H.

This gaging station, shown on Plate V, was established
August 29, 1903, by N. C. Grover. It is located about 800
feet above the mouth of the river, which empties into the
Ammonoosuc at a point midway between Fabyans and Twin
Mountain and about two and one half miles from either
place. The drainage basin at this point has an area of
14 square miles. The headwaters lie on the slopes of a spur
of the White Mountains at elevations of 2,500 to 3,000 feet.
The length of the river from its headquarters to its mouth
is about seven miles, at which point the elevation is approx-
imately 1,500 feet. All slopes within the basin are steep.
There is no pondage or artificial storage of water. The
underlying rock is granite, which is exposed in the mountain
peaks. About ten or twelve years ago this basin was en-
tirely deforested and burned over. At the present time
there is a thick stand of deciduous growth of poplar and
bird cherry, averaging 12 to 15 feet in height, which affords
a thick covering during the summer months but practically
no cover during the winter and spring. Within the basin
we find the usual conditions of this stage of reforestation
after a thorough burning. A statement in detail of the
forest conditions on this drainage area will be found on
page 143. '

A standard chain gage is attached to trees on the bank.
Length of chain is 13.40 feet. It is referred to bench
marks as follows: (1) Top of large boulder under the gage,
elevation 3.56 feet; (2) Drift bolt driven into the maple
tree to which the gage is attached, elevation 11.32 feet. Ele-
vations are above datum of gage. Low water measure-
ments are made by wading. The bed is rough and rocky,
but permanent. The banks are high and only subject to
overflow in extreme freshets. The gage is read once a day
by William Cote of Twin Mountain.



PLATE V,

AMMONOOSIIC RIVER AT BETHALEITEM JUNCTION.

ZEALAND RIVER AT GAGING STATION.
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LIST OF DISCHARGE MEASUREMENTS OF ZEALAND RIVER,
AT TWIN MOUNTAIN, N. H.

o .9 g
g |88 |5 |8
Ll s |8 |5, | &%
Date. | Hydrographer.| & | O+ : a ’g‘g 24 Remarks.
g 2|25 |26 | e | 23
= Bld |8 & A
1903
1| Aug.29 | H. K. Barrows.|....| 29.1| 0.46| 2.01| 18.1 | Wading 100’ below
gage.
2 | Bept. 8 | H. K. Barrows.|....| 26.6| 0.40| 1.88| 10.7 | Wading 100’ below
age.
8 | Sept.18 | H. K. Barrows.'.. 88.6| 0.68| 2.22| 22.9 Wagdl%g 100’ below
gage.
4 | Oct. 10 | N. E.Grover..|....| 86| 0.76| 2.28| 27 | Wading 200’ below:
1904 gage.
6| Apr. 16 | N. B. Grover..|....| 26.8| 1.88| 2.62| 47.6 ' Highway bridge,
500’ below gage.
6 | Apr. 80 | 8. K. Clapp....{....| T 4.09 | 3.56 | 3823 | From bridge.
7 | May 10 | 8. K. Olapp....|....| 66 8.26| 8.00|182 | From bridge.
8 | May 19 | 8. K. Olapp....|....| 80 | 4.60| 8.60 /868 | From bridge.
9 | May 20 | 8. K.Olapp....|....| 64 8.37| 8.08|182 | From bridge..
10 | May 26 | 8. K. Clapp....|....| 21 2.10| 2.49| 44 | From bridge.
11 | June10 | 8. K. Olapp..../....| 10 2.10 | 2.18| 21 | From bridge.
12 | July 21 | 8. K. Olapp....|....| 68| 1.12| 2.04| 7.6| From bridge.
18 | Aug. 9 | 8. K. Olapp....|....| 84| 1.49| 2.10| 12.6! From bridge.
14 | Aug.28 | H. K. Barrows.|....| 40 0.95| 2.66| 38 Wading.
H. K. Barrows.
16 | Sept.26 . W. Norcross|**** 46 1.48| 2.81| 68 Wading.
16 | Oct. 12 | T. W. Norcross|....| 88 0.69 | 2.87| 28

14
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ZEALAND
RIVER, AT TWIN MOUNTAIN, N. H., FOR 1403.

Day. |Jan. | Feb. | Mar.| Apr. | May.|June.[July.| Aug.|8ept.| Oct. | Nov.| Dec.

N T T .]Il. 2.00 | 1.80 | 2.20 | 2.20
sesese| seseafecncecfiacaaafoncnnelonncssfencanslesenes| 2,00 [ 1.80 | 2.20 | 2.15
[TTTTT] IR of eeeeleceredlieiiae]ireceilenaaas] eoees] 2,00 | 1.90 | 2.80 | 2.10
FETTTTY P of ceveileceses] eeeselieececteaseanlieess | 190 | 1.80 | 2.20 | 2.20
ceveesfocscnefecincelecannsforsnnafosecesfieaaas] woues| 2,20 | 2,00 | 2.20 | 2.20
B8O Booaodooad® ogan slesescsforsenelassncslaceaas] 2,00 [ 2,00 | 2.20 | 2.80
eesecefesese levaesifeeeasefoansasfeacnasleciear]ececasf 2,00 | 1.85 | 2.20 | 2.80

00 =3 & o B O N =

cevenafosssne]iaianeliiiaifenns afieaiefiiiiadlieeees 2,00 | 185 | 280 | 2.25

©

..... feeeeeniiieendliiiiiniiiindieeieeliaiii]eeeees] 180 | 2,00 | 2.80 | 2.20
|.. ..... ofeseses 1.90 | 2.00 | 2.20 | 2.80

[
o

[
[y

[ IYTTT LI TR TR TS M Pty AR g oleses 1.80 | 2.00 | 2.20 | 2.40
..... efeesescioceseriianiee|oncecafasese [senaar|eaeses| 1.80 [ 2,00 | 2.20 | 2.40

-
~

sevecsleencnalersacslevecesfanaes| cocesfiaeeasfosenss] 1.90 | 2.00 [ 2.30 | 2.80

-
» @

T P T ) P B R I EETT R T E s|ecsses| 1,80 | 2.00 | 2.80 | 2.25

-
o

e R I P TR TI IETTTT] EITTTTY P P eesees| 190 | 2,00 | 2.80 | 2.20

[y
o

eevee fessessfeencarforeoceferanceliecansfonenaa|anaaas] 1,80 | 2.00 | 2.20 | 2.20
veveesfsecerafecaceeliennas]eareee]oeccad]ececer]ieesae| 2.00!}12.00 1 2.20%5 2.80

[
I

eovecaleeseselieanaafraccnafesaianfoiareclincnae]esaees| 2.20 | 2.40 | 2.80 | 2.50

-
©

sesesifensanrfearenefecnces|ocereelee eofeecencfeeeecs] 2.00 | 2.40 | 2.80 [ 2.50

-
©

[P N wlessens] seesafinnsaa]enesefeniiar]eanees| 2.00 | 2.30 | 2.25 | 2.40

S
= o

vevven] meeeeforeneafeeeendecnisdeeenfoien e eee.| 200 | 280 | 220 | 2.0
eeene oreediineieeeeneend el 190 | 220 220 | 2.40

8

ceeveefocernelevianafecraie]ocenefican]iiiiaaeeees] 190 | 2,20 2.20 | 2.80
sevseofocseee]icrens] vevenfeeenaefeeriadiaraid]eesas] 1,80 | 2,201 2.10 | 2.80

NN
w

v avaferenes]erennefierenefoeenaafeniaadeeeaasfaaaaae] 1,90 | 2,20 | 2.80 | 2.80

(]
o

vesssafessece]esancefoesanrfecaneaforeeni]icacas]aeeees] 190 | 2.80 | 2.80 | 2.40
vecessfssesed]oreceiirnanefecacc]oeeeaianiae]oeeeec] 1,901 280411 2.20 2.0
cesecefonsacsfecacncfencecefocence| coiaaforcecaanannn 2.00 | 2.25 | 2.20 | 240
cecovaflecasafoceasefoecces]eececaloeai el e ] 2.014|2.004 {1 2.20] | §2.155 | WS

vesses|oecene|esesee]sacscefocnsee]oecanefeaciar| 2.20 [ 1.80 | 2.20 { 2.10 [sseee

8838588

esieoafoecene]esiaacferccocfesenaafocacteoccncef 2:20 |ausssal 280 fsecceofocecee

(2]
=1

* Frozen December 29 to 81.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF ZEALAND
RIVER, AT TWIN MOUNTAIN, N. H., FOR 1904.

DBY;I Jan.

ceeeee| 2.40 | B.60 | 2.40 | 1.84 | 1.84 | 1.74 | 4.84 | 8.84 |......
cevee | 246 | 840 | 2,40 [ 1.84 | 1.84 | 1.94 | 4.14 | 2.84 [......
ceseeef 2,80 | 8.30 | 2,80 | 1.74 | 1.94 | 1.94 | 8.44 | 2.74 |......
eeceeel 2,80 | 8.10 | 2.20 | 1.74 | 1.94 | 1.84 | 2.84 | 2.74 |suuuns
seseee] 2,40 | 8.00 | 2.20 | 1.74 | 2.04 | 1.84 | 8.04 | 2.64 |......
2.40 | 8.00 | 2.10 | 1.74 | 1.84 | 2.04 | 2.84 [......l......
eeeces) 2.50 | 2,80 | 2,10 | 1.74 | 1.84 | 2.04 | 2.84 [c.eeeefennnnn
ceeees| 270 | 2,70 | 2.10 | 1.84 | 1.94 | 1.84 | 2.74 [c.etl)ennnns
seseesiacsnccieasees] 2,70 | 2,60 | 2,00 | 1.84 | 1.84 | 1.94 | 2.44 |.....

Feb. | Mar. Nov.’ Dec.

Apr. |May./June. July.| Aug.|Sept.| Oct.

© ™ 3 D O O D

seseeslecenssl 8,00 | 2.80 | 2.10 | 1.74 | 1.84 | 1.84 | 2.84 [.eeuuulennn..
cemenalesaeae] 3,20 | 2 210 | 1.74 | 1.84 | 1.84 | 2.84 [......[......
eeseesleecaes| 8.00 | 2,70 | 2,10 [ 1.94 | 1.84 | 1.84 | 2.84 [ceeuuafenn-n.

-
=B
.
. .
.

[
@ N

ressenlececesfecaees| 2,80 | 2.60 | 2.06 | 1.94 | 1.74 | 1.94 | 2.64 |ceeieafennnn.

-
-

esecseeeecee) 2,80 | 2,70 | 2.00 | 1.84 | 1.74 | 4.84 | 2.84 |...euefun. ..

-~
o

cesecfecenee) 2,70 | 2,60 | 2.00 | 1.84 | 1.84 | 8.24 | 2.24 |evuuaefiann.n
eeveeefercees) 2,60 | 2,60 | 2.00 | 1.84 | 1.84 | 2.84 | 2.24 |.....ufoen ..
eeseesleceans) 2,46 | 2,80 | 185 | 1.84 | 1.74 | 2.84 | 2.94 [...eeefennnn.
ee seefeceaes) 2,40 | 8.00 | 2,00 | 1.74 | 1.94 | 2.24 | 2.84 |...uuifeannns
eeeses] 240 | 280 | 2,00 | 1.84 | 1.94 | 1.84 | 2.74 |.eeueu]unnnn.
eeeee| 2.40 | 2,70 | 2,00 | 1.84 | 1.84 | 2.24 | 1.94 |....uufennnn.
eesees| 2.80 | 2.70 | 2.00 | 1.84 | 2.84 | 2.84 | 8.84 |..eieafenannn
eecee | 2.80 ) 2.60 | 1.90 | 1.94 |. 2.24 | 2.64 | 4.84 [veeuuifiennnn
ceseee] 2,40 | 2,601 2,10 | 1.94 | 2.44 | 2.84 | 8.84 |ceeeeifennnnn
ceeceef 2.60 | 2.40 | 2,10 | 1.84 | 2.24 | 2.84 | 8.74 |...eifs vuus
eovees) 2,60 | 2,40 | 2.00 | 1.74 | 1.94 | 2.84 | 8.74 |ceeenafoninn.
seseos| 2,60 /2,40 | 1.90 | 1.84 | 1.84 | 8.84 | 8.84 |.vuveefurnnnn
8.00 | 2.70 | 2.40 | 1.90 | 2.84 | 1.84 | 2.84 | 8.24 |.....uf..n.nn
2.70 | 8.00 | 2.60 | 1.90 | 2.14 | 1.84 | 2.84 | 2.84 |secreelarenn.
2.60 | 4.00 | 2.40 | 1.90 | 1.94 | 1.94 | 2.84 | 2.84 |.....u|uuuens
2.60 | 8.70 | 2.40 | 1.90 | 1.94 | 1.94 | 2.24 | 8.24 |.v.ueu]onnn..
81 |eeieesfececce] 2,40 [eussns| 2.80 [euunes| 1.84 | 1.84 |uueuss] 824 ].u....

|~
500&1@

\
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RATING TABLE FOR THE ZEALAND RIVER AT TWIN MOUN-
TAIN, N. H.,, FROM AUGUST 29, 1903, TO DECEMBER 31,
1904.

| |
g g |5 | g | 8| g | 3| g
b g E g 2 8 &
] - o a S =] o a
.......... 2.00 12 8.00 170 4.00 504
.......... 206 | 14 8.06 188 4.06 521
| R 2,10 16 8.10 202 4.10 688
216 | 19 8.16 218 4.16 666
.................... 2.20 22 8.20 284 4.20 672
.................... 2.26 25 8.25 250 4.26 1
sevees| 280 28 8.30 266 4.80 606
2.85 81 8.8 283 4.8 628
2.40 85 8.40 800
2.45 40 8.46 817
2.50 45 8.50 834
O [ 2.56 62 8.56 8651
iiseian eevesiies 2.60 61 8.60 .1 S BT LED
P rTTT T (T T 285 7 8.8 886 | |izimeifverasseraats
.......... vesssennad] 2470 82 8.70 T I e M ey
176 4 2.7 95 8.76 419 |oreereenns o
1.80 ] 2.80 108 8.80 .1 B PO
1.85 8 2.8 124 8.8 458 |essecseesfusesacneanaas
1.90 8 2.90 189 8.80 470 |oeneenees
1.95 10 2.96 164 8.95 . R e

The above table is applicable only for open channel conditions. It is based
upon discharge measurements made during 2808 and 1804. It is well defined
between gage heights 1.9 feet and 3.6 feet. Outside these limits the table has
been extended by interpolation. Above gage height 8.8 feet the rating curve
is a tangent, the difference being 84 per tenth. The table has been applied to
the nearest hundredth of a foot gage height.
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ESTIMATED MONTHLY DISCHARGE OF ZEALAND RIVER
AT TWIN MOUNTAIN, N. H., FOR 1903 AND 1904.

(Drainage area, 14 square miles.)

Discharge in second-feet. Run-off.
=0 =] (¥
o =]
g Qq = A Rainfall.
Month. E E w8 - 5; £3 |(Inches.)
g . B%¢ | B3 | 89
— [ S 8
] g =1 So & -]
o ) BH | o8 | 58
= E] = o A &
1908.
September...... 22 8 11 79 4::7 | oo k000 oot
‘October..... cens 86 8 18 1.29 1.49 64 2.7
November...... 28 16 24 1.71 1.91 160 1.16
December 1-28.. 45 16 29 2.07 216 |eeeenene 8.84
1904,
B 3 1L T ) o O Y R O besssnns 1.94
B 1) o - 1 N O E T ] 000000 0.48
March 27-31..... 170 86 76 6.86 1.00 [cecceeee 2.68
504 28 08 7.00 7.81 660 1.40
334 28 101 7.21 8.31 280 2.93
35 8 16.0 1.07 119 |eecececs|sacncasns .
30 4 74 .63 61 19 8.19
121 4 18.0 .93 1.07 24 4.48
September...... 620 4 76 6.43 6.08 78 7.81
October......... 620 10 218 16.21 17.64 472 8.72

Ice, December?29, 1903, to March 26, 1904.
Rainfall records for Bretton Woods, N. H.
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LITTLE RIVER AT TWIN MOUNTAIN, N. H.

This station, shown on Plate VI, was established January
21, 1904, by F. E. Pressey and was intended for a record of
gage height only. The bed of the stream is too rough
throughout all of its lower length for good current meter
measurements. The river enters Ammonoosuc River from
the south about a mile below Twin Mountain. Its basin
is adjacent to that of Zealand River on the west and is of
particular interest in this investigation from the fact that
practically all forest cover has been removed. A statement
in detail of the forest conditions on this drainage area will
be found on page 143. The slopes are steep and there is
no pondage or artificial storage.

A standard chain gage is attached to the floor of a h1gh-
way bridge near the residence of Edward Lynch and about
one mile above the mouth of the river. Length of chain
is 12.92 feet. It is referred to bench marks as follows:
(1) On floor of bridge near zero of gage, elevation 11.42
feet; (2) Cross cut on boulder, 32 feet from end of gage
on right bank, elevation 9.05 feet. The gage is read twice
daily by Edward Lynch.

LIST OF DISCHARGE MEASUREMENTS OF LITTLE RIVER,
AT TWIN MOUNTAIN, N. H.

sl |8g|a | .
kg |S8lB |g
M1 - (W8 51l © b
clgs (P2 as | 4%
Date. | Hydrographer.| 5 | 5% | g% | o (A0 Remarks.
s 2leg| 36|92 |28
Z Bld |2 |o |A
1904
1| Aug.23 | H. K. Barrows.| 22 | 26 | 2.04 | 5.68 | 63 Wz{)ding one mile
H. K. Barrows. elow gage.
2 | Sept.26 2| 8 2.08 | 5.76 | 66 | Wadihg one mile
T. W. Norcross below gage.
3| Oct. 12 | T. W.Norcross| 21 | 28 | 0.84 | 530 | 26 | Wading one mile
below gage.




PLATE VI

GAGE ON LITTLE RIVER

LITTLE RIVER LOOKING UP-STREAM FROM GAGING STATION.
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MEAN DAILY GAGE HEIGHT, IN FEET, OF LITTLE RIVER,
AT TWIN MOUNTAIN, N. H., FOR 1904.

Day. | Jan. | Feb. | Mar.| Apr. |[May. lJun& July.| Aug.|Sept.| Oct. Nov.l Dec.
1 |eeceeo| 4.60 [ 4.70 | 4.90 | 6.16 | 5.20 | 4.80 | 5.20 | 5.00 : 6.06 | 65.20 |eees.s
2 |......| 4.66 | 4.60 | 4.80 | 5.70 | 5.10 | 6.10 | 5.056 | 5.00 : 6.76 | 5.20 |eeeeen
8 |eeseos| 4.60 | 5.00 | 4.90 | 5.856 | 65.06 | 65.85 | 5.16 | 6.10 5.66 | 5.20
4 |. .| 4.60 | 5.86 | 4.856 | 6.00 | 5.10 | 5.00 | 5.10 | 5.80 | 6.66 | 5.20
6 |ee... | 4.66 | 5.05 | 5.06 | 6.10 | 5.00 | 5.25 | 6.10 | 6.16 | 5.456 | 6.20
6 |eeeoo | 460 4.70 | 5.056 | 6.10 | 5.10 | 5.00 | 5.10 | 65.10 | 5.56 |eeecee| saaar
7 |eeeees| 6510 | 4.65 | 6,46 | 6.06 | 5.00 | 4.85 | 5.00 | 5.10 | 545 [eeeccefsoccss
8 |ees.c.| 6.06| 7.20 | 65.66 | 6.00 | 5.00 | 4.90 | 5.00 | 5.10 | 5.40 [ccevce/ooacne
9 |eee...| 4.80( 5.00 | 6.16 | 6.00 | 5.00 | 4.80 | 5.00 | 5.10 | 5.35 |eececefeaess

10 |feecec.| 470 | 4.95 | 6.20 | 5.85 | 5.00 | 4.90 | 5.00 | 5.00 [ 5.30 [eecece|a ooee
11 |......| 4.60 | 4.80 | 5.80 | 6.20 | 5.00 | 4.90 | 5.10 | 5.00 | 5.830 [eeeeee|acenss
12 [eeeen. 4.60 | 4.80 | 5.50 | 5.90 | 4.90 | 4.80 | 5.15 | 5.00 | 5.30 |cecces|earace
13 |.. 4.60 | 4.70 | 5.45 | 5.85 | 4.90 | 5.26 | 5.10 |. 65.00 | 5.30 S PR
14 |......| 4.60 | 4.70 b5.40 | 5.85 | 4.95 5.06 | 5.00 | 6.60  5.80 |ceeeun| veran
16 |eeeeeo| 4.60 | 4.70 | 5.35 | 5.95 | 5.45 | 5.00 | 5.20 | 585 | 5.20 [cccevcfeveacn
16 4.60 | 4.70 | 5.80 | 6.60 | 5.00 | 5.00 | 5.10 | 5.50 | 5.20 |. esnee
17 4.60 | 4.70 | 5.85 | 6.25 | 5.00 | 4.90 | 5.10 | 5.36 | 5.20 |eeeeecfocnsns
18 4.60 | 4.70 | 5.16 | 6.06 | 4.86 | 4.80 | 5.10 | 5.76 | 5.20 |eeececfeueren
19 ......| 4.60 | 4.70 | 6.00 | 6.20 | 4.90 | 4.90 | 5.00 | 5,40 | 5.20 |ceeeeefsececs
20 [eeee..| 4.80 | 4.80 | 540 | 6.156 | 4.80 | 4.80 | 5.40 | 5.95 | 5.20 |eveurs/enrees
21 4.66 | 4.60 | 4.60 | 5.16 | 5.80 | 4.90 | 4.80 | 6.10 | 5.65 | 6.20 |ceeuafiaanns
22 4.66 | 6.20 | 4.66 65.40 | 5.80 | 5.06 | 4.80 | 5.66 | 5.45 | 6.10 |ceeeuefees oo
23 | 5.06 | 5.00 ) 6.85 5.16| 5.70 | 5.00 | 4.80 | 5.756 | 5.60 | 5.90 [c.ececeferanss
24 4.85 | 4.66 | 5.560 5.35 65.66 | 5.00 | 4.80 | 5.36 | 5.76 | 5.65 |eeececfoecees
26 4.70 | 4.60 | 5.70 ' 5.95 | 5.60 | 4.90 | 4.90 | 5.30 | 5.56 | 5.60 |seceeofoecece
26 4.70 | 4.60| 6.46 5.76 | 5.60 | 4.90 | 4.90 | 5.26 | 5.45 | 5.65 |ceescefereces
27 4.70 | 4.70 | 6.40 5.55 | 65.656 | 4.90 | 5.10 | 5.15 | 5,40 | 565 |eeeeefoeenns
28 4.70 | 4.70 | 5.26 6.65 | 5.45 | 4.90 | 5.10 | 5.10 | 5.46 | 5.85 |. cesess
29 4.66 | 4.70 | 5.16 [ 6.00 | 5.80 | 4.80 | 5.456 | 65.10 | 6.06 | 5.80 |evevee|eeenn .
30 4.60 |......| 5.20 | 6.20 | 65.25 | 4.456 | 5.156 | 65056 |ceeeee| 5.26 [eececcfacaree
31 | 4.60 |......| 620 ‘ 5.20 [ceeeve 5.00 | 5.00 [eeeeee] 520 [eeeieafeeeane
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DISCUSSION OF RESULTS.

There have been presented in the preceding pages various
hydrographic data for the White Mountain region, which
are best considered in two parts. These are, first, the
records for the drainage basin of Pemigewasset River, and,
second, the data which have been collected in the several
basins in this region since September, 1903. For the Pem-
igewasset Basin there are available the record of gage height
of the river at Plymouth, extending from January 1, 1886,
to date, the record of rainfall at Plymouth from June, 1888,
to date, the record of rainfall at North Woodstock from
September, 1903, to date, and 16 measurements of flow of
the river. The record of gage height has been carefully
made and there has been no change in the datum of the
gage. The bed of the river at this place is practically per-
manent but may have shifted slightly near the left bank or
within a short distance below the gaging station in such a
way that conditions have changed somewhat at the gage
and at the bridge from which the measurements of flow are
made. The rating table for this station has been con-
structed from measurements of flow which have been made
since September 4, 1903, but has nevertheless been applied
to the gage readings since 1886. By so doing, estimates
of flow, which otherwise could not have been made, are
now available and it is believed that they do not contain
serious error.

The record of rainfall for Plymouth, covering the 17
years from 1888 to date, has been used for comparison
throughout the whole period, in preference to changing to
the record obtained at North Woodstock during the last 15
months, even though the latter is doubtless more nearly rep-
resentative for the basin. The former is consistent with-
in itself and, while it does not represent truly the rainfall
in the whole basin on account of the fact that the head-
waters of the river flow from mountain areas on which the
precipitation is greater than in the valleys, still it is a fair



PLATE VII

MOUTII OF MOUNTAIN BRROOK, EMPTYING INTO SACO RIVER NEAR GLDN.
BID OF GRAVEL AND ROLLING STONES.

LITTLE RIVER NEAR MOUTI.
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assumption that rainfall collected at Plymouth will bear
the same relation to that in the whole basin in one year
as in another.

During the period of 19 years covered by the records of
fow of the river considerable areas within the basin have
been cut over for spruce or completely deforested.

In studying the data a table has been prepared, showing
the ratio of run-off to rainfall in the five months from June
to October, inclusive, for each year from 1888 to 1904.
These five months have been chosen as the period in each
year in which the ratios are probably most nearly com-
parable. The whole year could not well be considered
cn account of the faect that no rating ecurve has been con-
strueted for ice conditions and consequently no definite esti-
mate of the flow of the river during the winter could be
made. Within the months from June to October there is
little, if any effect, from snow storage, and consequently
the run-off will most closely follow the rainfall. No ae-
count has been made of the condition of ground water,
either at the beginning or end of this period in any year
as no data were available.
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PEMIGEWASSET RIVER AT PLYMOUTH, N. H.—TABLE
SHOWING RATIO OF RUN-OFF TO RAINFALL FROM
JUNE TO OCTOBER, INCLUSIVE, DURING THE PERIOD
1888 TO 1804.

Year. (Iliggﬁgg’:) ﬁ:‘é‘lfgg') Per cent.
T nogptbagooooot bagagaaooooogodooonod 14.89 21.90 0.66
1680, T e . 16.42 21.22 0.78
18007 o, . 18.81 23.57 0.77
51 LaootadooooatbdaBodian SBataaaaa 0 6.51 16.62 0.89
17} 8 550 0000000660000 EEBEIUOEECOEES 12.84 22.27 0.65
1808 e s esecsleconcsascacnaassanoes 7.7 17.68 0.44
s o soncommaonhde 0 OETI0 o 00 5.87 17.40 0.84
110l B oagdfitaadBnao i hadiaadBioo dio o 4.96 16.89 0.30
b oaonoooboooooagagaodonad tococos 8.76 18.61 0.47
T looovanocoqgorocoBboogadtBooooogaoo 14.566 17.568 0.88
111 boooooo00 00 coaoaooaaBoacnoans 6.568 18.97 0.86
51 Tt lodoo aaahn 00t 0000adBan o 0C0aaiRn0 2.74 18.92 0.20
a1 U booog  qogag oo goaanaaooac S aooaoo 4.86 13.63 0.82
T Q0L TooYe e = o e =le o o = o = elolaa o zlals/alols/o/s/a/slolols 6.79 16.70 0.41
5171730 0000 ORI T e Ot 14.49 21.67 0.67
21408 00038 0 BB 0 0 ST LR LT 0 o 00 7.94 18.28 0.48
1 60000800 808t B85 IBFb o co.00 T 7.48 20.02 0.87

This period of 17 years has been divided into three parts:
6 years, from 1888 to 1893, inclusive; 5 years, from 1894
to 1898, inclusive; and 6 years, from 1899 to 1904, inclu-
sive. The average ratio of run-off to rainfall in the first
period is .59; in the second period is .46 and in the third
period is .40. It will be noticed that there are five years,
1888, 1889, 1890, 1897 and 1902, in which the ratio is ab-
normally high, possibly on account of exceptional conditions
of ground water. Omitting these five years from the list
and dividing the 12 remaining into two periods of six years
each, we find the ratio of run-off to rainfall in the first is
.42 and in the second is .35.
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In the following table have been arranged in cubic feet
per second per square mile the minimum recorded run-off
in each year, the mean for the lowest month and the mean
The years from 1896 to 1904
have been divided into three periods of six, seven and six
years, respectively, and the average run-off in cubic feet
per second per square mile for each period computed.

for the three lowest months.

PEMIGEWASSET RIVER.

1
|
|

oz cvel g3

Year. 'S:E o :a 085§ oy

2 Sg8s | Y% g_ T

B5E | aiz: | L8388
éa“l & SRS 2 5 52E3H

.30 W77 B5
.67 .67 .79
.67 1.11 1.73
.89 1.76 2.24
44 1.88 2.46
.24 .38 .63
.30 .76 1.47

.27 .39 .85

.24 .28 .84

.80 .48 .62

.30 .80 .92

.27 .42 7T

.24 .47 .60
.20 .82 .98

.22 .36 .40

.30 .42 .86

.60 1.18 1.76¢
.28 .40 .56
24 .66 .80

1st period (6 years)......ceceeveuiienenns .42 1.08 1.456
2d period (7 years) .27 .51 .82
3d period (6 yeara) .28 .63 .76
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The data collected in this basin, as shown above, would
seem to indicate that there has been a slight decrease in
the discharge of the river within the time considered.

The statistics which have been collected since September,
1903, in the several basins in the White Mountain region
consist of (@) records of gage height at the following river
stations: Saco River at Conway Center, Pemigewasset Riv-
er at Plymouth, Israel River above South Branch, Jeffer-
son Highlands, Israel River below South Branch, Jeffer-
son Highlands, Ammonoosuc River at Bretton Woods, Zea-
land River near Twin Mountain and Little River near Twin
Mountain; (b) about 15 current meter measurements of
flow at each of these stations except that on Little River,
where three measurements have been made, and (c¢) reec-
ords of rainfall at Bartlett, Bretton Woods, Jefferson High-
lands and North Woodstock.

The measurements of flow have been plotted, a rating
curve drawn and a rating table constructed for each sta-
tion except that on Little River. From these rating tables
and the records of gage height, estimates of flow have been
made, as shown on previous pages. In order that these
estimates may be easily compared with each other, certain
<data have been arranged below in three tables, as follows:
The first shows the ratio of run-off to rainfall by months
for the different drainage areas; the second shows the min-
imum recorded discharge in cubic feet per second per square
mile for each of the three months, July, August and Sep-
tember, 1904, and the third shows the mean run-off in cu-
bic feet per second per square mile for each of the stations
for the months of July, August and September, 1904.
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TABLE SHOWING RATIO OF RUN-OFF TO RAINFALL, BY
MONTHS, FOR DIFFERENT DRAINAGE AREAS,

1908. 1904.

Oct. | Apr. |May.|June.|July.| Aug.|S8ept.| Oct.
BBCGO. ceercesereccacsassccsessanas 0.51 | 2.10 | 2.20 | 0.74 | 0.88 | 0.20 | 0.22 | 0.78
Pemigewasset..cc.cieeiaineenans| 0.28 [cueeen 1.70 | 0.48 | 0.15 | 0.27 | 0.80 0.84
Israel (28bOVe)..ccevererennannne 0.51 | 1.50 | 2.00 | 0.65 | 0.23 | 0.86 | 0.52 | 1.84
Israel (between)......ceveeeunss 0.29 | 1.80 | 1.80 | 0.68 | 0.27 | 0.27 | 0.47 | 1.80
AINMONOOSUC: e« ceetstessersnens 0.52 | 5.74 | 4.19 |...... 0.26 | 0.27 | 0.84 112
Zealand....eeeeernecninacananns 0.54 | 5.60 | 2.80 |-vasen 0.19 | 0.24 | 0.78 | 4.72

TABLE SHOWING THE MINIMUM DAILY RUN-OFF IN CUBIC
FEET PER SECOND PER SQUARE MILE FOR SEVERAL
RIVER BASINS, FOR THE MONTHS OF JULY, AUGUST
AND SEPTEMBER, 1904.

Area. July. | August. September.
[FE e 00o0tbodB8oo0oanodBboot: 8856 41 84 .81
Pemigewasset............. 816 24 .85 21
Israel (BDOVe)uesccaeceaine 8.7 .25 846 61
Israel (below).....eeeeueee 2172 .85 47 .75
AMMONOOSUC. ceaaeeanssss 84 44 .68 .62
Zealand......ceuneeerennnn. | 1 i .28 .28 .28
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TABLE SHOWING MEAN MONTHLY RUN-OFF IN CUBIC
FEET PER SECOND PER SQUARE MILE FOR SEVERAL
RIVER BASINS, FOR THE MONTHS OF JULY, AUGUST
AND SEPTEMBER, 1904.

} Area. ‘ July. | August. | September.
BRGO.iccesressntocens seenee 886 .86 72 1.07
Israel (8bove)......cveuun. 8.7 .76 1.64 2.84
Israel (beloW)eeeeeeeaeansn 21.2 .82 142 2.69
Israel (between).......... 12.6 .87 1.26 2.66
AMmMONOOSUC ceecrresroans 3¢ 74 1.08 2.36
Zealand.....ecoevieiiiannnn It} .63 .93 5.48
Pemigewasset.....c.aeeen 816 | .66 97 1.70

The first table indicates clearly that the rainfall data
are not representative of the precipitation in the various
basins in which they have been collected. In each case
ihe rain gages are located on comparatively low portions
of the basins and it is certain that at times the rainfall in
the mountain areas is much greater. The ratio of run-off
to rainfall in October, 1904, for several of the stations,
shows clearly that the precipitation must have been much
larger within the mountain areas, and there is no assurance
that the relation between the amounts collected and the
average rainfall in the several basins is the same, The
first table is, therefore, probably of little value.  The
other two tables, which show the run-off per square mile,
give results which are more nearly comparable with each
cther.

The basins of Ammonoosuc and Zealand Rivers are ad-
jacent to each other and have in a general way the same
topographic conditions. Ammonoosuc River, however, has
its headwaters at considerably higher altitudes on the slopes
of Mt. Washington. Its basin is, moreover, fairly well
forested, as indicated in the definite statement of forest
conditions, shown on another page. Zealand River basin
has been largely deforested, but is now covered with a
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young growth of deciduous trees. It is noticeable that
the run-off per square mile from the Zealand basin is con-
siderably less than that from the Ammonoosue.

The two stations on Israel River give information as to
the run-off from two parts of that basin. These two por-
tions have the same general topographic conditions, but that
which is tributary above South Branch has its headwaters
at a higher altitude than that which is tributary to South
Branch. The forest conditions in the two sections are not
so much different from each other as was supposed to be
the case at the time the river stations were established. It
will be noticed, however, that the percentage of cleared and
burned area is greater in the lower basin than in the upper,
also the percentage of area that is in deciduous and scat-
tering evergreen growth is greater. An examination of
the run-off above indicates, as a rule, a greater minimum
run-off per square mile in the lower basin than in the up-
per, but a slightly less run-off for the low water months.

CONCLUSIONS.

The data available for discussion are not sufficiently ac-
curate nor do they cover time enough to warrant definite
conclusions. A general consideration of all the statistics
at hand, however, seems to indicate a slight decrease in the
run-off as deforestation progresses. If the several river
stations are maintained for a term of years, it is believed
that data may be collected from which conclusions can be
drawn.





