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NATURAL RESCURCES OF LINNESOTA
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Introduetior

minerals, forests, grass lands, and
natural resources. Conservation of these
concern to some private citizens and
years In fmwwh* in it inereased with
s. Most people then
.ze the n > apart, but as elements
interwoven wi- n " industry, labo finan agriculture, income,
recreation, and gc i ship. A growing swareness of the needs of the
future f‘ov“’O_ 1, as did g T'-’-‘=€‘1.ii""at1'_(>r1 of the fact that to waste and destroy
natursl resour Lns 3d of using them so ss to0 conserve and increase tna
would result in 'g; erishment of the standard of living in the yvesrs sl

Conservation of natural resources must n sccurste "stock
king™" apd an eppreciation of how they are being used This volume is
to be a non-technical presentetion of the facts concerning the natural
esources of Minnesota. Not only are the naturel assets eveluated, but slso the
tural 1l“b1iltlyu. The current condition egch of the resources is clari-
fied whe ssible by a summsry of how thevy have been used. Problems such as
wasted forest land, destructive floods, distressing periods
@rn°1nn, sedimentaetion, and depleted gasme do not arrive full
origins in g small way on a multitude of farms and forest

The survey is organized on the premise that s tﬂurcn¢%
physical hfrcoteriqtics and basic wealtt
accurate understandi; of the economic 1if
confronting 1t5 eop le. An earnest effort :
inventory of tﬁe State's natursl resources but to touch upon [
that these have to the general problem of improving the living conditions of
IAnnesota people now and in future vears.

as Well as the text seek to afford a readily
mation on the physical and economic geography

greater public understandine and apprecistion mav
such conerete public undertekings as soil con=-

servation, forestry, water control, recreation development,
lation. It is hop that the survey will be of service to

with that function, both st: and local, and that it will

public interest. It is anticipated that it will i

for use i; secondary schools and leges, adu ' ses, and atud”
interested in the

Land, ws rest and “ecrmstiOnal resources may be so used as to
remain permane ~_279t3 yielding a perpetual income to the people of Minnesota.
On the other hand, they may be sC useﬂ as to destroy them as sources of income.
This is the choice of 3 DPEeop 1 >tate. Therefore, the matters discussed
in this report are 1 be i”i":" s the concernionly of ke techniciens
and government officiels. Tvery citizen must understand and not only cease
wasting the sbundance created for him but play his part in recreating that
the natural heritage which has been impaired. It is to help the citigen
Mimnesota to understand and act, '5G1VMQlelV and together, that this report
made
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MINNESOTA'S GEOGRAPHIC RELATIONSHIPS
@Geographic Location
The State of Minnesote lies near the geographic center of North America,

between 43° 30' and 49° 24' north latitude and 59° 29' and 97° 15' west
longitude and contains the sources of three Freat dralna"e systems - the
lississippi, the St. Lawrence, and the Nelsongr wﬂtﬁh—ug§§l££ a hydro-
graphic center of the continent, At its maximum lquh, it extends about

406 miles from north to south; ewéd its maximum width, from east to west,

is about 357 miles. In area liinnesota ranks 1llth in size among the states,

with a total of 84,068 square miles, of which approximately 4,053£/ repre=

E/ Excluding part of Lake Superior, 2,212 square miles

sents water surface. The State has more water surface than any other state
except Florida. ﬂ&ost northerly projection of the United States is found in
Minnesota,

Minnesota is bounded on the north ‘B;‘Ednadian provinces of Ontario and
lanitoba, on the east by Wisconsin, on the south by Iowa, and on the west by
South and North Dakota. Important natural features delineate much of its
boundary. These include lLake of the Vioods, Rainy Leke and Rainy River, a
series of "Border lLakes", and Pigeon River on the North; Lake Superior and
the St. Croix and lMississippi Rivers on the east; and Traverse and Big Stone
Lakes and Red River on the west,

The effect of central location is a key to understanding Ilfinnesota and
its people. This becomes clearer as the idea of location is broadened to

include the complex of significant relations which go with place such as

;/

s

climate and plant life at one end of the scale and population and economic




organization at the other. The historical development of linnesote has been
greatly affected by its geographical setting.

Physiographic Relations

The State for the most part occupies a portion of the great Central
Lowlands Province of-tnited—Statesywhich gradually merges into the Great
Pleins not far to the west. The northeastern portion embraces a part of
the southwestern extension of the Laurentian Plateau here known as Lake
Superior Uplands (Figure = )s The Superior Upland comprises an ares of
0ld crystalline rocks and of worn down mountein ranges, whereas the Central
Lowlends is underlain by a series of nearly horizontal beds of sedimentary
rocks,

Climetic Relations

Far from the tempering affect of the sea, linnesota has extremes of

climates lajor climstic features are hot sumsers, cold winters, relatively

short growing seasom, preponderantly summer rainfall regime/ swift changes
= (=9 2 5 P (<Y f

in weather, and abundant sunshine. It is a wholesome climate that makes
for vigorous and energetic people. lost crops common to the Temperature
Zone may be grown, and crop failures are comparatively rare.

Figure - shows that the State, but for a relatively limited area in

Ak

the northwest, receives on pn average more than twenty inches of precipita-

tion a year, In periods of normal rainfall the State,zw&thhvccasfivn&}

sears of exoepbiony lies east of the transitory zone of critical rainfall

deficiency. To the west, rainfall variability becomes increasingly more

.,
importent as the—basis—of-most—of-the. agricultural ris%{ of—the regions
Areas which are sub=humid in some years may be semi-arid or arid in others.

1
"n QAL

Out of climatic variations from year to year, and fromﬂwet,kg dry stages of

8 ocycle, stem & large share of the region's troubles. Iliinnesota's economic




and social development has reflected the effects of changeable climate.
Figure -~ indicates areas of greatest drought intensity from 1930 to 1936.

Vegetative Relations

/

In figure - may be seeq/areas in forest and prairie vegetation which

climate has demarcated in this region, /Coniferous forests grow in the north-
eastern third of the State and a belé of deciduous forestharying in width
from s few to over a hundred miles}spreads diagonally between them and the
prairies of the south and west, Within the transition area of hardwoods are
more or less extended frogments of both the prairie ?ﬁg?éoniferous forests
and within the coniferous forestéfécattered stands of hardwood ferest. Early
Genersl Land Office surveys indicate that about 31,500,000 acres, or threee
fifths of the State's erea)wés originally forested, Forests now occupy only
15,492,300 acresg) or-a-little less than one=third-of the ores of the State.
Forests of Minnesota have been of prime importance, not only in the
commercial development of the State, but also in relation to agriculture.
Forest and prairie country have been mutuslly complementary in supplying
the necessaries of life,

As figure = shows, grasslands of the region may be divided info the

D PO ANMD LI WS B ® F %
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tall gréssvfg}aifig‘gfasslan ) ézd,sho?t éréss (plains grﬂsslghd).ﬁ\Tell
grasses grow, in general, where soil moisture is distributed to a depth of
two feet or more, Minnesota has long shared in supplying needs of the grass—
land economy to the west and in processing its sgricultursl products.

Soils Relations

Climate and vegetation are of greatest importance in determining the
nature of zonal soil groups illustrated in figure ~. Local conditions of
relief, parent rock, living matter and climate are important in determing

important subdivisions within these zonal groups, In the most humid upland




grassland areas are found the Prairie soils. They are dark brown in color,
mildly acid, high in content of organic matter in the upper part of the soill
body, and well supplied wi?h elements necessary for growth of grasses and
other herbaceous plants, High natural fertility of these soils together with
favorable climate in whiech they are found make them among the most productive

in the world for grains and grassese.

The next zonal group of soils west of the Prairie soils is Chernozem,

found in the most humid part of/the drier region having soils with a calcium

(1ime) carbonate layer (horizon), Calcium and magnesium are brought up by the
grasses and carbonated in the surface soil end the limited rainfall permits
these carbonates to accumulate within reach of the roots of the grass cover
because leaching is at a minimum, Luxurient tall grasses constituting the
natural vegetation produced black soils very high in organic matter content
and very fertile for grasses and other herbaceocus plants. These soils are
well adapted to small grains, expecially wheat, and furnish the greater part
of the country's breadstuffs. Although somewhat more fertile due to a higher
content of mineral plant nutrients than Prairie soils, they are somewhat less
productive, as the rainfall is lower eand less dependable.

In the progressively drier climate in the western portion of the region
vegetation is more sparse and consequently soils of the Brown sed?s group are
thinner and lighter in color., The soils are rich in mineral planti nutrients,
but rainfall is insufficient for dependable crop production. Brown soils are
also used for wheat, but because climate is so hazardous the more rolling
and less productive land is used for grazing, for which nutritious short
grasses, when not overgrazed, provide excellent pasture. Plowing land in
this area for grain has destroyed the native grass protection, and in recent

years, has exposed the soil to severe wind erosion,




Podzol soils, note from figures = and - , are found in the forested and
more humid easterm and northern portions. There is sufficient moisture for
the podzolization process to remove soluble elements, including the less

soluble carbonates of calcium and megnesium, completely from the soil. Trees

J
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feed more lightly on mineral bases than do grasses,,and{%et~au££iaieﬁt amounts %’*' .

-are_thus returned—by-vegetetion (decayed-vegetation)to-the-surface-soil-to
1 ] I‘,
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s80il layers near the surface become impg verished of organic matter and ofuﬁﬁ(~~
“4host elements comneiddered-most necessary for the nutrition of crop plants.
An accumulation of the bases, principally iron and alumina takes place in
a lower soil layer. Coniferous forests with a low content of bases in their
leaves and twigs fostered the strongest development of Podzols. Podzol soils
are not considered fertile though they are well adapted (and in a sense fertile)
for growing the trees under which they developed. They contain low percentages
of soluble plant foods; are chemically poor soils; and always test acid unless
derived from calcareaus (limey) rocks. Ability of these soils to produce
crops is rated as being moderately low.

Broadleaved deciduous forests in a more temperate climate return more
bases to the surface of the ground and hence the Gray Brown Podzolic soils
which developed there tend to be more fertile for plant crops than those of
he Podzols., Their medium fertility together with very favorable climate
for growth of a wide variety of plants has made the area admirably adapted
to the development of a prosperous agriculture of the general farming type.
Under good farming practices, including some fertilization and liming, Gray
Brown Podzolic soils will produce as well or better than Chernozem soils,

The primary economic resource is land, especially agricultural land.

With almost seven-eights of all American farm land which the National




Resources Planning Board tentatively rates as grade one, with more than

half of grade two farm land, and with about a sixth of the farm land the
Board calls third, fourth, and fifth rate this upper midland region is
of all the country's great farming sectors the most richly endowed,
Minnesota possesses 13.2 percent of the grade one agricultural land and
10,3 percent of the grade two farm land found in the North Central

States.;/

%/ North Central States include: the two Us S. Census Bureau divisions,

~  Bast North Central States comprising Ohio, Indiana, Illinois, IMichigan,
and Wisconsin and the West North Central States embracing lMinnesota,
Iowa, lMissouri, North Dakota, South Dakota, Nebraska, and Kansas.

While lMinnesots ranks eleventh among the states in the Nation in lend
area, it rates second in the number of acres: of excellent and good agricul=-
tural land, having 7.7 percent of all such acreage in the United States.
Iowa reanks first with 10.5 percent. The percentage of total land area in
farmsranges from 96.5 percent in Nebraska to 49.4 percent in Michigan,
linnesota has 63.7 percent of its land in farms,

Economic Geography

Geographic position of lMinnesota as the western-most Great Lakes
state, its geniture relation to the upper reaches of the Mississippi River,
and its location in the path of a network of rail lines as they swing out
from Chicago to cross the continent make the State the gateway to the north-
west area of United States., While it lies in the heart of the country's
richest agricultural area its position ties the State economically to the
agricultural reserves west of it on the one hand end to the westwardly ex-

panding manufacturing region of east central North America on the other.




Agricultural Geogrephy

United States may be divided agriculturally into two parts, East and
West, on the basis of prevalent use of land, whether for crops or for
pasture (Figure -)e The dividing line approximates the western boundary
of the north central division in which Minnesota lies. Figure - shows the
North Central States include seven agricultural regions or parts of regions
defined on the basis of dominance of a certain crop or kind of farming which
is the result largely of temperature, rainfall, and soil conditions. Within
Minnesota are included the northwestern margin of the Corn Delt, a major
part of Hay and Dairy Region, and in the extreme northwest a portion of the
Forest and Hay Region.

The North Central States are virtually the granary and livestock feed-
ing ground of the Nationm. Figure - shows the concentration areas of staple
food erops of the country. Nearly the entire hard spring wheat and hard
winter wheat regions lie within these states. On an average forty-three
percent of the country's wheat acreage harvested lies in the four most
western Statesﬂi/ North Dekota is the largest producer of spring wheat

among the states, followed in order by lontana, South Dakots, Washington

and Lﬁnnesotati/ Kansas has long been the leading producer of winter wheat.

About one=half of the corn of United States and one=-third of the
world's crop is produced in the Corn Belt. Nearly all is grown east of
the line of 8 inches of summer rainfall and south of the line of 68° e
sumner temperature. Note in figure - that except in western portion the
Corn Belt stops where rich glaciated soils end. Iowa and Illinois lead
in production with Nebraska, lMissouri, Kansas and lMinnesota following in

order.%/

et

E/ Based on 10 year average, 1929-1938. Source: Crops and larkets,
December 1839




The great oats belt of United States extends in a crescent from the Red
River Valley to Ohio. Iowa and Minnesote are greatest producerss Distribu-
tion of the oat crop is largely in the northern portion of the Corn Belt and
in areas just north and east of it. The crop is especially important in the
dairy belt where more oats is grown than any other grain.

A dot on the barley and flax maps represent only one-fifth as much
acreage as on maps of corn, wheat, and oats. Nearly half of the barley
acreage of United States is cropped in lfinnesota and North and South Dakotaxi/
Minnesota is by far the foremost producer. Farmers raise barley in the Spring
Wheat Region because it will grow in a short season, give high yields of grain
per acre, resist drought and fit well into a rotation system. Since 1933,
the acreage has increased considerably because of renewed demand for malting
barleye.

Ma jor flax producing region of United States is situated in the Spring
Wheat Region in western Minnesota, the Dakota, and eastern liontana (Figure - b =
This region produces approximately ninety=-two percent of all the flaxseed

grown in the country with Minnesota contributing nearly half of the total

\‘_n_j,ﬂvﬁ g"k"
production.%/ The boundaries of the "Flax-Belt" aéeﬁprim&rilyﬁtﬁe climatic

factors of too much and too little rainfall on the east and west, respective-
ly, and higher temperatures on the south.

Approximately half of the country's rye acreage lies in lMinnesota and
North and South Dekota. On an average nearly twice as much land is devoted
to rye in North Dakota than in lMinnesota, but since lMinnesota realizes a
greater yield per acre it produces about four=-fifths as much as North

Dakotani/ The year 1937 set a record for rye production in Minnesota with

}/ Based on 10 year average, 1920-1938. Source: Crops and Markets,
December 1929,




over ten million bushels. In addition to its historic use as a bread crop,
rye has been extensively utilized as a feed crop, especially during the
recent series of drought years., Rye pasture has been found useful as a
lete = season pasture in the fall or else for early pasture in the spring.
Commercial potato production in United States is largest in a northern
tier of states from North Dekota eastward. Statistics reveal that on an

average linnesota has the largest acreage of any of the late potato produc-

ing states but ranks sixth in productionJE/ Creat Lekes States have an im=

3/ Based on 10 year average, 1929-1938, Source: Crops and larkets,
December 1928

portant climatic advantage in production of this crop = the relatively cool
summers which benefit potato production. The bulky nature of the crop favors
its development near the most populated regions of the country.

Production of farm crops in Minnesota compared with national production
should reflect the State's ranking position (second) in wealth of excellent
and good soil, In 1939 Minnesota had a total acreage of land used for crops
(harvested and failure) of 19,068,233 acres which was 5.5 percent of the
total in United States., This placed Minnesota third emong the states in
this acreage, only outranked by Texas and Iowa. The following table reveals
the significant place held by lMinnesota's crop production in the national

pictures.




Table 1, Minnesotals 1939 Crop, Production and Rank

Percentage Rank of
Crop Unit Amount of U. 8. State

BATIEY & . s 2 s a4 « Duiiele 54,945,979 21,07
L T e ) : » Bushels 6,134,752 17.14
FIaxaasd . o 4 780 Bushels 11,692,840 62,10
MLESY 3| o o » s % s » » Tolkn 6,130,000 7.20
Alfalfa hay. . . . il Tons 2,235,109 BTl
Sweet clover seed 1/ . Bushels 558,000 39,36

HEHE

Spring Wheat , . . . . . Bushels 17,695,005 10.67
Corn for silage. . . Tons 4,500,590 13.83
Oabi . Sl b s . Bushels 143,070,552 16,44
Algike clover seed 1/ Bushels 64,100 20.08
A1l teme hay 1/. . . . . . Tons 73,000 6.27

-S> JEAG IR REAG R4S

4,7
Corn for grain . . . . Bushels 162,766,107

Alfalfa seed 1/. . . Bushels 137,000
Buclewiteat, ., . G SLLAL Busghels 212,946
Irish potatoes ., . . . Bushels 18,144,946
Timothy seed 1/, . . . . . Bushels 76,000
Red Clover seedA_/ . Bushels 102,000
Soy beans for beans 1/ . . Bushels 510,000
AT WReRE - i Lk T e Bushels 20,341,862

AV e s e p M@ 23S ) YN

-

Source! - U, S. Census Report on Agriculture, 1940,
l/ Data from Crops and Markets, general crop report as of December 1939,

Figure - shows the distribution of dairy cattle, The dairy belt as shown
in the map has more than half of the dairy cows of United States. Southern
Wisconsin has the greatest number of milk cows per square mile, followed
closely by southeastern Minnesota and northeastern Iowa. The concentration
of dairying is limited on the north by swamps and woods in Minnesota and
rugged and sandy land in Wisconsin and Michigan, On the south better soils
and more favorable climate permit corn and wheat to take the place of hay.

In the west low rainfall suits spring wheat better than the dairy industry,
Diversification of agriculture has expanded the dairy belt in Minnesota and

other North Central States.




In the dairy region hay makes up half of the acreage of 21l crops. Rain-
fall varying from slightly more than 20 inches in the west to fifty inches in
the east serves to produce luxuriant pasture and excellent forage crops. In
the dairy belt lives nearly half of the urban population of the Nation and
about a third of the total population,

North Central States west of Minnesota include notable protrusions of

the cattle and sheep grazing area of the Great Plains and in addition the Corn

Belt has about one-third of the Deef cattle of the country. The mep showing
the distribution of beef cattle also shows the chief meat consuming area in
the United States (Figure -).

Nearly sixty percent of the hogs and pigs in United States are in the
Corn Belt (Figure -). Swine production for the tremendous eastern meat
market is more closely associated with corn and barley production than any
other livestock industry, although in the northern edge of the Corn Belt the
dairy industry carries swine production 2 little farther north than would
corn alone,

The following table reveals the important place held by Minnesota's

livestock and livestock products in the Nation's sgricultursl economy,




Table 2. Minnesota's Livestock and Livestock Products Inventory

Unit Year Amount Percent Rank
of U, 8,

Cows milked . . . . . . . . Head 1939 1,552,279 7.08
Cows and heifers
(2yrs. & over for milk). Head 1940 1,699,849
Horses and colts
(over 3 mo, old) . Head 1940 627,394
Sows to farrowl/, . . Head 1940 695,632
Turkey raised . . . . Head 1939 2,508,830

All cattle and calves

(over 3 mo, o0ld) . Head 1940 3,090,394
PULKOYS .o o s e s ik Head 1840 288,177
Chickens raised , . Head 1939 28,301,790
Hogs and pigs

(over 4 mo, 0ld) Head 1940 1,667,041
Chickens (over 4 mo. Head 1940 16,988,877
Sheep and lambs

(over 6 mo, 0ld) Head 1940 972,435

Butter2/. . . . Pounds 1939 297,325,000
Milk produced . Gallons 1939 866,590,376
Honey produced. . Pounds 1939 3,992,617
Eggs produced . . Dozens 1939 119,414,866
Wool shorn, . . . . Pounds 1939 6,340,825

Source: U, S. Census Report on Agriculture, 1940,

i/ Sows and gilts that farrowed since December 1, 1939 or to farrow before
2 June 1, 1940,
/ Data from Preliminary Report Dairy Products Manufactured, November 1940,

.U, 5. Department of Agriculture,

Industrial Geography

Since the markets for agricultural products of all the crop and livestock
producing areas and the source of their imports lie mainly to the east, the
movement of traffic as influenced by the Great Lakes, both as a waterway and
as a barrier, is principally between west and east, The Minneapolis - St, Paul
area at the head of navigation of the Mississippi and at the meeting place of
the Minnesota and Mississippi Valleys with their easy rall gradients, and

Duluth at the head of the Great Lakes, serve as commercial foci for much of the




Central Northwest, Their strategic locations give them the office of middle~
men between the industrial e=st znd the sgriculturasl west and 2 many sided
commercizl =nd éultur=l relationship.

In few of the major regions of the continent are commercisl routes so
highly concentrated at one point as are rail lines of this region at Minnea-
polis - St. Paul. l/ From almost every part west =nd northwest of the Twin
Cities m2in lines lezd to this camntsr; the only important exception being the
focal point at Duluth =nd Superior.,

Figure - illustrztes the importance of marine commerce at Duluth =nd
Superior snd the rising importance of river freight traffic =t S5t. P=ul and
Minne=polis, Completion of the Upper Mississippi System (April 1940) enables
barges to travel over 4,000 miles on a2 nine-foot waterway from the Gulf to
the Twin Cities and from the Twin Cities to Chicego 2nd Pittsburg. Duluth,
Minnesota's principsl lzke port, has harbor facilities zccommodating the lzrgest
lake vessels and passenger and freight piers ecuipped with warehouses =nd
equipment for handling ore, cozl, grcin, building materizls, pulp wood 2nd
fish, =2s well as packesge freight and automobile carriers.

Principally at the three commercisl centers, but predominantly in
Minnespolis =nd St. P=ul =re concentrated the economic zectivities listed
below. In connection with these functions, it should be noted that while
industry is found in nesrly every part of the State, in 1939 the proportion
of the St=te's totzl value added by manufacture produced in the Minnespolis—
St. Poul industrizl sres and Duluth was 70 percent,

¢ Terminal, transfer, and building 2nd repasir sctivities of the
railroads, trucks =nd buses, =2nd the ship =nd bzrge lines,

1/ Hartshorne, Richard, Geogrsphy of the Mimnespolis-St. Peul ares, in
Schwartz, G. M., Geology of the Minneapplis-St. Paul metropolitan area,
Minnesota Geological Survey Bulletin 27, p. 7, 1936.




Commercial activities concerned with assembling agricultural
products of the northwest for the tremendous eastern msrket
shown in figure = and the distributing of manufactured pro-
ducts brought in from eastern manufacturing regions shown in
figure = =~ grain elevators, stockyards, storage warehouses,
wholesale firms, jobbing offices, mail order houses, etc,

Initial and final processing of collected =gricultural produce
and extracted natural resources - meat packing, flour and other
grain milling, malt liguors, creamery butter, paper and pulp,
canning and preserving (all among the ten leading industries

in 1939) = and the assemblage of materisls brought in from

heavy manufacturing centers in the esst = asgricultural imple-
ments, construction equipment, industrial apparatus, automobiles,
etc. .
The manufacture of materials to supply the consumers needs of the
locality and ite tributary area = news printing, bakery products
(both smong the ten leading industries in 1939), foundaries, ice
cream and ices, etc,

In terms of economic organization, asgriculture is Minnesota's main support,
The United States Census of 1940 indicated that about one-third (34 percent) of
all gainfully employed in Minnesota (except on public emergency work) are engaged
in agriculture, including owners, ten ants, paid farm workers and family workers,
In addition, sgriculture gives employment in processing of products of the soil
to approximately 30,000 persons in manufacturing plants of Minnesota. About
two=-thirds of the value of the raw materials used in manufacturing plants in

1835 was derived from agriculture,l/ Table 3 indicates the importance of

1/ Agricultural resources of Minnesota - 1940, p., 11, Minnesota Resources
Commission.

agriculturzl products in Minnesots,

Table 3, Minnesota's Processing of Acricultural Products - 1939

Value of Percentage Rank of
Product of U, 8. State

Rokter 0 il 78,029,290 15,83
Eixnedad, 01l . et R Lot . 10,388,567 15,28
Poultry dressing and packing . 15,479,986 i [ o)
Flour and grain mill products. : 67,437,432 10,38
Mest packing . L G s e se s 198,124,044 7.48
L e R S L A R 9,071,682 18,51
Canning and preserving . . . . . . - 9,425, 657 T8l

Source: U, S. Census Report on Manufecturegi—i939; preliminary report,




Industry is generally regarded as secondary in lMinnesota. Yet a study
of production income in 1935 by the National Industrial Conference Board re=
vealed that while 17.5 percent of production income of lMinnesota came from
egriculture 15.4 percent came from manufacturing and 16.9 percent from trade
(agriculture is of greater importance then these figures indicate since agri=-
culture did not have price parity with industry),

Industries most significant in the industrial life of the State are those
based on natural resources., Where adequate natural resources still exist the
industries dependent upon them are flourishing. Nieat packing has shown a
steady increase rising from less than 0.5 percent of the national total in
1879 to B.4 percent in 1939. Iinnesota's share of the Nation's post=prohibi-
tion production of malt liquors has generally risen since 1933, The State
leads all others in the production of butter. An increasing share of America's
canning and preserving is produced in lMinnesota. The poultry dressing, cereal
preparations, and the stone cutting, shaping and finishing industries have
rapidly grown in importance in recent years, Flour and other grain mill pro-
ducts have declined as a result of a shift in land use from wheat to corn and
the development of wheat fields in other regions.

When natural resources were depleted the dependent industries suffered.

Minnesota barely holds its own in production of paper, paperboard, and wood

pulp and in the planing mills industry. In other forest linked industries =
paper boxes, furniture, lumber and timber products, and wood preserving =
Minnesota's share in the Nation's production has long since declined, Decrease
in employment in the lumber and timber products industry, planing mills in=-
dustry and the furniture industry aceount for 40 percent of the State's loss in

industrial employment since 1923,




Those industries that have developed special skills have tended to prosper.
There are many such enterprises located in Minnesote but the only ones ranking
among the first ten are printing and publishing of books, music, and job and
the refrigeration industries.

Minerals constitute the second great natural resource of the region.

The great iron ore resources of the United States are concentrated in the

Lake Superior region of northern lMinnesota, Wisconsin, and Michigan, especial-
ly Minnesote. Within this Lake Superior region approximately 85 percent of
all the iron ore mined in the United States in recent years has been produceds
Minnesota contributed 61 percent of the United States total in 1939, In
Vinnesota the iron ranges are the Cuyuna, llesabl, Vermi lion, and Gunflint,
progressing from southwest to northeast.

In 1940 the total tonnage of ore shipped from Minnesote wes 48,949,322

tons of which 45,667,677 tons were removed from the exceedingly rich and

easily mined lMesabi Range alone. As the reserve tonnage of about one billion

tons of high grade ore is used up, increasing attention will doubtless be
given to utilization of the great remaining tonnage of lower grade ore. In
the lesabi range alone there are approximately l.3 billion tons of class two
ore for concentration and 57.2 billion tons of class three ore for concentra-

tion.

Minnesote was eighth largest producer of minerals in United States in
1937, Mineral products of the State representing the largest production and

velue are:- iron ore, manganiferous ore, stone, sand and gravel, and clay

o

products. The total value of mine end quarry products in lfinnesota in 1937
was $152,107,070.

Minnesotae, unfortunately, has no coal, 0il, or natural ges fields. Its
location on excellent waterways close to great coel producing areas of the

Nation, however, is an advantage of utmost importence. It is axiomatic that




iron goes to meet coal. From iron mines of Minnesote tremendous tonnages of
ore are easily and speedily loaded into great steamers and cheeply trans-
ported to blast furnaces at the lower end of the Great Lakes where coal is
available, The same steamers can carry an equal amount of coal as return
cargo to factories and homes of lMinnesota, Thus an ideal two-way movement

of vitally important commodities exists which should result in a very in-

expensive movement of fuel and other materials and goods(Figure -).

Originally, linnesota in common with states in northeastern United States,
possessed vast forest areas. So rapidly were the forests cut in this broad
belt, not only for lumber but also farmland, that the lumber industry of the
United States in less than one hundred years has migrated from New England
to its present stage in Pacific forests. Now the entire northeastern forest
area produces less than one-féurth as much lumber as the Pacific area.
Minnesota reached its production zenith in 1899 when it ranked as third
highest producer in the country. In the less than 100 years since commer-
cial lumbering began in the State, nearly all the old-growth timber has been
cut and one-third of the forest area has been permenently cleared for agri=
culture., Minnesota now imports almost four-fifths of its lumber requirements
with lumber from the Pacific region predominating in its lamber yards,.

The lumber industry as it was once known is almost entirely gone and
much of the land formerly occupied by forests remain unsuited to agricultural
use. The cut-over region is a serious problem area, but at the same time
it offers a great opportunity for rebulilding a vital natural resource and
thereby improving the economic and social conditions of its residents.
Successful experimental production of alpha cellulose from aspen (or popple)

at a "pilot plant" being established at International Falls may pave the wmy




for a future large scale commercial production based on a forest resource
estimated at 7,000,000 acres with a cover of 4,250,000 cords of merchan=
table size aspen.

Natural conditions are not only favorable to reforestation but also
development of important recreational utilization. The rise of the tourist
industry in the forested North Country has been phenomenal, The number of
intra-state and inter-state vecationists has steadily increased and "tourist
business" now exceeds all others in the forest regions. In 1939 there were
in operation in Minnesota 765 tourist courts and tourist camps having 5,056
cabins, a greater number than in any other state. lMinnesota's great variety
of scenic beauty, immense areas of forest and park, multitude of lakes and

streams, enjoyable summer climate, abundant wild 1ife and historie landnarks

attracted a tourist public that expended over 152 million dollars in 1940.

The tourist industry ranks fourth to agriculture, manufacturing and mining
as a wealth producer in lMinnesota.

For every person engaged in the creation of wealth in agriculture,
forestry, fishing, mining, manufacture and mechanical industries, approxi=-
mately one other person is engaged in trade, transportation, commnication,
and other service industries and occupations which serve people as they work,
pley and live.

The People

The important economic endowments of any area are both its physical
resources and its people - intelligent, healthy, happy, and secure people.
The energy of Minnesotans, their ingenuity in invention, their ability to
cooperate, their facility for organization, their ideals of liberty and
justice, and their courage and resourcefulness = these are liinnesota's

Ereatest assets. These characteristics made possible the opening and




development of the State and on them its future depends. Where ignorance
and carelessness have created problems, it will be these qualities that
will find their solution.

In the ninety years from 1850 to 1940 the population of lMinnesota grew

1
from 6:0714/to 2,772,300, During those years the area received hosts of

TR -

E/ Territory of lMinnesota covered an area larger than the present State.

immigrants accustomed to strenuous labor from other states mainly in the Ohio
Valley and New England regions and from abroad, principally from Sweden,
Norway, Germany, Finland, Canada, Poland, Austria and Denmark. While the
population has continued to grow until the present time, the rate of growth
hes decreased in recent decades and indications are tlet Mfinnesota is ap-
proaching population stability. The proportion of old people is becoming
larger and that of young people smaller.

The urban population comprised 49,8 percent of the total in 1940 com-

pared with 49.0 percent in 1930, Between 1930 and 1940 lMinnesota's urban

places continued to grow faster than the rural areas. In this period, how=-

ever, the urban areas grew more slowly than at any time since 1850, whereeas
the rural areas reversed their decline of the previous decade by showing an
'increase. There ére three cities of 100,000 or more and fifteen cities of
10,000 or more in Minnesote, one (Fergus Falls) having reached this size
since 1930, All but one of these cities increased between 1930 and 1940,
Austin having the most rapid growth (49.1 percent). Eighty-three of the
87 counties gained population between 1930 and 1940 with lLake of the Woods
realizing the most extensive growth (42.5 percent).

Minnesota ranks eighteenth in population number among the states of

the Union. With a population of 34.9 per square mile Minnesota rates thirty=-




first in the Nation in density of populatione. Unfortunately, from the market=
ing standpoint, Minnesota lies away from the most densely populated belt in
United States, although the center of population is gradually moving westward
(Figure - )« The decline in population in the last decade in the tier of
states west of llinnesota is also commercially significant,  Within Minnesota

and within its tributary area in the Northwest, however, are to be found ap-

proximately ten million people whose needs are by no means met by the indus-

tries of their territory.
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MINNESOTA'S GEOLOGIC FOUNDATIONS

"Every valley shall be exalted, and
every mountain and hill made low,"
Isaish

"re

Present geologic features and resources of lMinnesota are the effects
of geologic agencies that have been operative in the paste Time and again
they have built up the land and tore it down again. Water and land have
taken turn as conquerors. JAeons before man appeared on the scene
Minnesota was at verious times a mass of bare rock, volcanic mountains,
plains country, littoral of mud, coastal lowland, a meeting place of
irresistible glaciers. Some day Nature will have worn away all the
familiar features of lMinnesota of today, but more years than man can
count will pass before this happens.

Bach layer of rock now exposed reveals something of the earth's
history in this locality. Iainly from their character, their relative
position, and the remains of life found in them have the principal events
in the geologic development of Minnesota been made kmown. A member of
the linnesota Geological Survey has said, "Just as human history is divided
upon the basis of ruling families and the events which took place while
they were in power, so the geological history is divided upon the basis of

animal dynasties and contemporaneous events,"l/

%/ Thiel, G+ A., and Dutton, C. E., The architectural, structural, and
~  monumental stones o: lMinnesota: MNinn. Geol. Survey Bull, 25, Ds 22,
1935,

Not all of the various geologic periods are represented by rocks in
Minnesota. The generalized colummar section of geologic formations in

Minnesota, figure -, shows the rocks which exist in any part of lMinnesota,




their approximate thickness, time and life of the period of formation, and

their principal charamcteristics. The map on the following page (Figure =)

shows the distribution of the various rock formations either as outcrops
or beneath a cover of soil and glacial drift. Not 21l of the rocks of
various periods in the geologic development of lMinnesote are represented
in any one area because geologic events may affect only certain areas and
because erosion which has gone on all through most of Minnesota's geologic
history in places has removed these rocks,
Pre-Cambrian Time

A convenient starting point in Minnesota's geclogic history is pre=-
Cambrisn time, What is now Minnesota was then part of the old Archeen
continent, leveled by erosion to & rather flat plain. INonotony of this
0ld erosion surface was relieved by occasional residual elevations, both
hills and mountains. Rocks of this old continent were predominantly
igneous or metamorphic in character, that is granite, gabbro, basalt,
diabase, gneiss, slate, and quartzite; a structure common to the pre-
Cambrian complex of many parts of the world, Figure - summerizes the
me jor locel events in the shaping of this old land mass which, now great=
ly modified through unequal uplift and stream and ice erosion, constitutes
the Superior Upland (Figure - ). First there was the Archean period, then
the Algonkien in its development,

Archean

Cldest rocks were poured out as a series of lave flows both upon the
land and under water. Some of this oldest known rock is now exposed; onse
of the most familiar exposures being Jasper Peak near Soudan and Ely in

northern Minnesota. Toward the close of such activity sedimentary material

accumulated locally to form the iron ore beds of the Vermilion range.




This era was closed by mounteinous upheavals and intrusion of
of igneous rock, In the Minnesota Valley near Ortonville and
City and at Saganaga Lake in the extreme northeastern part of
grenites and granite gneisses of the period now lie exposed.
Minnesota River Velley district these rocks are quarried for building
stone.

Algonkian

Agencies of erosion combined to wear away the heights and supply
materials for the sedimentary beds present in the Vermilion range es=-
pecially, but also in the Mesabi area. These conglomerate, slate and
sandstone like layers were later heaved into mountainous folds, crumpled,
and broken by large igneous intrusions exposed today on the Giants Range

and in the region north of Vermilion Lake (Figure - )« Following these

voleanic disturbances sroded materials were deposited which resulted in

formation of sandstone, iron formation, and shales. Subsequent intru=-

sions of lava flow in the region metemorphosed the sandstones and

shales by heat and pressure to form the quartzite and slate formations

P
shown in figure = , Tremendous thickmesses of lava flows were poured out
on the surface or interbsdded in the vs or other rock formetions in a
broad belt extending at leas ' Falls through northwestern
Wisconsin and northeastern lMinnesots 3road exposures extend all along
of Lake Superior from Duluth to Grand Portage. After the
flows were exuded molten meterial continued to work its way upward
but at places huge ma: failed to reach the surface and formed great
intrusives now recognized as gabbro or diabase., Such are found

from the north shore e Superior, in the Cook-Angora area, and in

central Minnesota (Ste. Cloud area). Duluth gabbro is the largest mass




of this material in the world. Note in figure - that the age of Hinckley

sandstone and the Red Clastic series is questionable. Their ages are un=

certain as they may be either the basal formation of the Cambrian (succed-

ing period) or enormously thick red and shaly sandstones formed in troughs

between ridges of the igneous rocks of this period. Rocks of the Algonkian
period furnish important building end monumental stones in the State,

To the pre-Cambrian epoch Minnesota is indebted for a portion of its famous
building stones and for its enormous iron ore deposits,

Paleozoic Era
Cambrian

At the beginning of this period the voleanic activity and folding
characterized by intense pressure that had gone on for aeons of time
ceased and down to the present only moderate changes have affected the
rocks. Upon the crystalline and metamorphic land mass which had thus
envolved in pre=Cembrian time a great arm of the sea encroached from the
south in late Cambrian time, extending at least to & point somewhat north
of the Twin Cities. liaterials for sandstones and shales first laid down
as sediments in this sea were carried into it by streams running over the
ancient land areas in the same way that streams do todaye. Upon entering
the sea the streams dropped materials carried in suspension and formed mud,
sand, and gravel deposits depending on size of the particles, Waves and
currents reworked much of this sediment, smallest particles being carried
farthest from the shore. Differences or variation in height of the land
being eroded or variation in depth of the water where materials were de-
posited altered the texture of various layers or sediments deposited, Ag
a result layers may change gradually in e horizontal direction and change
rather sharply vertically. Where there was a piling up of sediments those

beneath were compacted Ly pressure or cemented together by dissolved sub=-




stances, Mud was changed to shale, sands to sandstone, calcarscus
deposits to limestone and dolomite, and gravel, where present, to com-
glomerates, Of Cambrian rocks sandstome is most abundant and most
conspicuouss Cambrian and later rocks may be easily recognized and in
some of them abundant fossils may be found (Figure = ),

Ordovician

No sharp brezk separates rocks of the Cambrian from the Ordovician
peried, but fossil remains for the two periods show notable differencess

This indicates recession of the sea from the area for a comnsiderable time

intervale When ocean water returned comparatively quiaf sees prevailed

that permitted sediments to be precipitated by chemical procesgses or
algae and myriads of sea organisms, forming limestome or dolomite. This
was followed by a period of deposition of dolomite after whish the sea
withdrew,

After an interval of elevatiom and possible erosion the sea returned
agaia and the remarkably pure white St. Peter sandstone was deposited,
It isccomposed almost entirely of white roumded quartz graims and is so
little cemented that it may be orumbled with the hande

Under gradually changing comditions a variety of materials were
laid down, In the Platteville formatiom are inocluded a series of some-
what shaly limestone beds comtaining an abundance of fossilized shells.
Other changes in conditioms resulted in the differemntiation of Decorah
shale, Galena shale and limestome, and Maquoketa limestone,

Devonian

Only a single formatiomn represemts the Devonian period in Minmesota,
the granular and massive Cedar Valley limestone that caps hills in south-
eastern Mianescta., As remnants are not found elsewhere it may be inferred

that lend to the morth had by mow emerged from the sea.




Withdrawal of the sea due to a major uplift accompenying the folding of
the Appalachien Mountains and smaller foldings of the Arbuckle, Wichita and
Quachita lMountains = ther interior highlands brought the Paleozoic era
to a close, Gradual elevation, however, brought the Minnesota region above
sea level before neighboring areas on the south and easte During the Carbo-

1iferous period which followed the Devonian, when coal and oil bearing
strata were formed elsewhere, lMinnesota was a lowland area subjeot to slight
erosion.

There are some indications that epicontinental seas covered ean area
far more extensive than that now occupied by sedimentary beds laid down

general uplift at the end of Paleozoic time most of

has been continuously subject to erosion which may have removed
these soft rock beds over the Superior Up 2R gl Since uplift was
simultaneous and even over the entire area the layers are nearly horizon-
tal and undeformed. The only formation utilized to any great extent for
building stones at present is the usually thick bedded, gray, pink, or
buff=colored Oneota dolomite quarried in the Mankato-Kasota ar

Beceuse of its purity the St. Peter sandstone

ord Motor Company at St. Paul, Note the progression

preserved in the rocks of the Paleozoic era as shown in figur

Mesozoic Era
During earlier periods of the liesozoic era the NMinnesota a

subjected to prolonged erosion. During Cretaceous time the

o

~a

final thrust upon the Minnesota region, this time from the west. luch

of western Minnesota has estuarine beds consisting generally of unconso-

lidated sand and clay (Figure - shows distribution of Cretaceous shales),




This encroachment was of brief duration and marked the end of the State's

marine history.

=

Cenozoic

re

Preceding the glaciel activity that has given Minnesotat!s landscape

-
its familiar characteristics, erosion was general and deep valleys were

cut in the sedimentary rocks. The Mississippi drainage system had been

o

established and valleys were eroded more deeply than now, With advent of

the glacier those cld valleys were filled, some of them to be re-established

upon its retreat,
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SURFACE GEOLOGY

Surface features of llinnesote can be understood only by turning to
the last chapter of its geologic history - the glacial period. Glaciation
was not peculiar to Minnesota nor even to North America for great ice
sheets spread over a large portion of northern Eurcope at about the same
time, Glaciation did not consist of a single great ice invasion but of
a series of invasions separated by lengthy interglacial periods. So long
as the rate of accumulation of ice exceeded waste by melting and evepora=
tion the ice sheet continued to advance, When waste exceeded the advance
the margin melted back.

Ice sheets which irntruded upon Minnesota seem to have worked outward
from three principal gathering grounds:- east of Hudson Bay (Labrador Ice
Sheet), just west of Hudson Bay (Keewatin Ice Sheet), and southwest of
Hudson Bey (Patrician Ice Sheet). Basis for establishing the several cen=
ters of dispersion is the radiating bearings of scratches (strias) left on
rocks by the ice as it moved outward and the nature of transported material,
All of Minnesota was covered by ice at some time, except for a narrow band
in the extreme southeast (Figure =).

The earliest ice sheet, known as Nebraskan and sometimes referred to

as pre-Kansan, came from central Canada and covered much of the State .

It left deposits of dark gray 'ti]_l_l/ now deeply weathered. Constituent

%/ Heterogeneous material consisting of clay, sand, gravel, and
boulders intermingled in any proportion, left at varying depth over
the surface by the ice sheet as it melted from the area.




pebbles are generally in an advanced stage of decay and even granite boulders

are so highly disintegrated that they can be cut with e spade, Little is

known about the distribution of this drif@i/és later ice sheetrlargely covered

i/ Deposits of earth, sand, gravel, and boulders, transported by
glaciers (glacial drift) or by running water emanating from
glaciers (fluvio-glecial drift).

or disturbed it. None is shown in figure = .

The second or Kansan stage of glaciation moved into Minnesote from the
Keewatin center west of Hudson Bay and crossed the State from northwest te
southeast, Drift it deposited is caleareous (limey) blue gray till, con=-
taining rocks derived mainly from limestone formations of southern lanitoba,
together with Cretaceous shale from Minnesota and a liberal supply of crystal-
line boulders from Canada and lMinnesote. This old gray drift apparently
covers more of the State than eny other. Deposits are found in the north-
western part of the State and nearly to the extreme southeastern part, A
line marking the east edge of a definite sheet of till runs southward through
eastern Wabasha, western Winona, and central Fillmore Counties. In figure =
note the exposures in southwestern and southeastern parts of the State. It
is found on the Mesabi range as far east as the mine pits at Hibbing and
probably underlies later drift south of the range, Withdrawal of the Kansan
ice sheet was followed by a long period of time known as the second or
Yarmouth interglacial stage. Peat, muck, gumbotil, and loess deposits be-
tween Kansan and Illinoian drifts and the amount of erosion the Kansan drift
suffered afford impressive evidence of the long duration of this interglacial

stage.




During stag glaciation known as I n, moved southwest-
ward from the Lebrador center, across thes we:
into most of Weshington and Dakota Counties in eastern Minnesota (Figure =).
Average thickness of this old red drift is scarcely 10 feet, but in Dakota
County it is heaped up into a range of hills from 75 to 100 feet high that
runs from Hampton southeastward nearly to Cannon River, Iowan drift,
the opinion of Frank Leverett, probably was deposited in this same

11

stage as the product of ice coming in from the region west of Hudson Baj

%/ Leverett, Frank, Quatermary geology of Minnesota and parts of ad-
Jacent states: U. S. Geols, Survey Professional Paper 161, p. 7,

This drift is now exposed in a band across southwestern Minnesota and neigh-
P &

boring parts of Iowe and South Dakota (Figure - )« The interval of time

between Illinoian end the next ice sheet, though shorter than the Yarmouth

)
interglecial period, lasted about 70,000 years.“/ During interglacial stage

2 = o g . . 2 y
Q/ Leverett, Frank, Relative length of Pleistocene glacial and inter-
] = o

a
glacial stages: Secience, new ser., vol. 62, pp. 193-195, 1930,

the main deposits of loess were laid down by wind.
In the Wisconsin lce stage or stages, ice sheets moved out from several
centers in Canada, lobal ice fronts advancing and retreating at verious

times. Early in this stage, the ice sheet moved southwestward from the

Labrador center but failed to reach Minnesota, In the midst of this Labrador
lce movement when its highest part (center of dispersal) had shifted west-

ward a movement began more directly southward into the Great Lakes region

from the Patrician area southwest of Hudson Bay, liaterial deposited by the




sheet, is mainly chocolate

. . A\
£t (Figure =).

igorous ice movement set
atin district which deposited young gray drift. A miner lobe
this ice sheet known as Grantsburg subl va.ssed n
St. Paul, at a right angle from the general direction of movement from
northwest to southeast and overlapped an extens
drift by now freed from ice,.
the area of overlapping. Its ' easily distinguished from red
vy the pale color and presence of limestone fragme
lenitoba. Another sublobe extended southeastward
and spread out in the St. Louis and Upper Mississippi
gray drift overlaps re ift for some distance,

As Wisconsin glaciation waned, when ti { i > had receded,

there seems to have been renewed activity in

spreading of ice northward and 1

g
f the Lake Superior Basin,

Great glacial lakes = When the Superior glacial lobe shrank within

s

ILake Superior Basin, water was ponded in front of it to such height
into the Sts Croix River and thence into the
several hundred feet higher than at pre=

covered

Upon retreat of th e from th asin drained northward by thes Red

River, there also was a ling w in that basine, A large lake of

Rl I




) A

an estimated 100,000 square miles known as Lake Agassiz was formed,
ich extended through northwestern Minnesota, eastern North Daketa, and
orthward over a very large area in Canada (Figu ) This great body
of water drained southward via River Werren, in whose bed the lMinnesota
now flows. The great volume of water coursing down this outlet rapidly
eroded the great valley and gorge that now seems so incongruous with the
size of the present river.

The name Lake Altkin is given to a body of water which for a time

covered the low ground on the borders of the Mississippi in Aitkin County,

with slight extensions northwestward into Itasca County and westward into
Crow Wing County. Upon withdrawael of the St. Louis sublobe ponded water
accumulated at its southwest end and gradually extended with mel

of the i At the same time another lake, glacial Lalke

was formed in the basin south of the Mesabi range along the eastern border

of the same receding ice lobe,
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PHYSIOGRAPHY

Most of Minnesota is a part of the great Central Lowland province of middle
United States which gradually merges into the Great Plains not far to the west.
The northeastern triangle embraces part of the southwestern extension of the
great Laurentian Upland or pre-Cambrian "Canadian Shield" of North America, here
known as Superior Upland (Figure =), Geologically, the Superior Upland is an area
of 0ld crystalline and resistant rocks and worn down mountain ranges whereas the
Central Lowland portion is underlain by nearly horizontal sedimentary beds of
chiefly Cambrian, Ordovician and Cretaceous rocks, The sedimentary formations of
the Central Lowland lap upon and end against the older and generally more elevated
igneous and metamorphosed rocks of the Superior Upland.

Minnesota presents more variety in surface features than most Nerth Central
States, yet a great part of its surface is level or only gently undulating,

Relief features, except in the Superior Upland and Driftless Area, consist mainly
of glacial effects that were superimposed upon preglacial erosion surfaces and
modified somewhat in all places by subsequent action of weathering agencies,

Territory within boundaries of Minnesota is naturally divided inte six major
regions designated as physiographic divisions, some of which contain subdivisions
(Figure =), Each division is characterized by a relatively uniform geologic

history, structural framework, and topographic (relief) character, The physio=-

graphic regions conform rather closely with the State's geologic foundations and

glacial geology of which they are surface expressions (Figureg= and =) and, in

general, soils and vegetation also exhibit marked relationships to them.
Physiography is a principal factor along with climate in determining and

delimiting natural regions of the State. Furthermore, each physical unit tends

to condition a unity of interests of people within it, Its physical attributes




influence not only the distribution, economic life, social activities, and numeri-
cal trend of the people, but to an undetermined extent, their very natures.
Superior Upland l/

This is the roughest area in the State (Figure =), Through unequal uplift

and differential stream and ice erosion this district has been greatly modified

from its condition as a relatively level o0ld erosion surface at the close of
Paleozoic time, Most congpicuous relief is found in the "Sawtooth Range" and
other prominent ridges that closely border Lake Superior and which ascend abruptly
along a fault scarp from 500 to 900 feet above the lake, Rock ranges lying back
from the shore, though more elevated than those fronting on the lake, seldom rise
more than 200 or 300 feet above the swamps and lakes about them. High rock hills
in central Cook County reach the highest elevations in the State. One group,
Misouah Hills, largest and highest of the monadnocks, attains an altitude of 2,230
feet, Most prominent part of the Mesabi iron range in St, Louis County rises
from 400 to 450 feet above the boulder strewn table=land surrounding it.

Superior Upland is an area of rough stony land with a generally thin covere
ing of s0il over the bedrock which shows in many places, The glacier removed
the mantle rock of the region so completely in the north and northeast that the
landscape chiefly displays extensive rock outcrops (Figure ~)., Morainic systems
of the Patrician and Superior glacial lobes tend to be topographically conspicuous,

numerous hills being 50 to 100 feet high with steep slopes difficult of cultivatien,

l/ The boundary between the Superior and Moraine-Lake Districts is necessarily
conventionalized. In part it is drawn arbitrarily to conform generally
with the tentative boundary along the 934 meridian used by the United
States Geological Survey, Nevin Fenneman in Physiography of Eastern
United States considers that though a broad ares (10,000 acres) northwest
of the Hinckley sandstone belt (Cambrian ?) in Minnesota i® underlain by
thick and fairly homogeneous Upper Huroniasn sediments, mainly Virginia
slate, only the eastern third belongs to the Superior Upland as the re-
mainder is so deeply covered by glacial drift that the rock beneath exerts
little affect on the topography, Even in the eastern part that is included,
where there are occasional rock outcrops, surface features are mainly

glacial, Between the Mesabi range and the Lake Agassiz Plain the boundary
follows the 1400 foot contour,




The district everywhere exhibits most irregular drainage and 1s par excellence

the lake and river region of United States.

Land Use - Forests which cover most of the area constitute the primary land

use, Recrestion and wildlife management while based upon exceptional resources,
possibly need further introductiom. Only small areas in valleys and on smooth
slopes are cultivated as nearly all soils rate very low in productivity due to
their stoniness and shallow depth, Great resources of irom ore are the main
economic asset of the region, Land in metaliferous mining claims embraces over
forty~twe thousand acres, Nearly all of the 3,725,850 acre (gross area) Superior
National Forest, including the purchase units, lies within this district. Land
in federal and state reservations totals about 2,432,771 acres, comprising
1,826,477 in national forest, 501,178 in state forests, 73,987 in Indian reserva~
tions, 27,116 in federal recreational areas, and 4,013 in state parks.

Bedrock District = Includes tracts along the International Boundary

where Patrician glaciers scoured the pre-Cambrian bedrock bare or but

thinly strewed it with drift, The land is very broken with numerous

rock knobs among which lakes and swamps abound in a most extraordinary
drainage pattern,

Mesabi Range « Major topographic feature consists of an almost continuous
ridgze of granite called the Giants Range (Mesabi means giant in Chippewa
Indian language) which extends northeast-southwest on the northwest side

and parallel to the iron formation, Crest of the range in places extends
broad and flat, in others both narrow and sharp. At its highest it rises
500 feet above the plateau on either side, The area is very thinly coated
with bouldery drift in most places, although its south slope and the portion
west from Chisholm bear g relatively heavy covering.

Lake Duluth Bed = Glacial lake bed extends as far west as Moose Lake,
Where exposed it exhibits a smooth surface and a prevailing soil com-
posed of heavy red clay containing few pebbles. On rugged north shore
the soill consists largely of wave-washed till and gravelly and cobbly
beach remnants, At its highest stages the lake reached 500 to 700 feet
above the present surface of Lake Superior, Remnant shore lines show
en increasing height toward the northeast as a resuit of unequal land
adjustment after glaciation,

Moraine ~ Lake District
This region is mainly underlain by metamorphic and intrusive rocks of the

pre-Cambrian complex, here less elevated than in the Superior Upland, Different




altitudes in various parts and the general slopes are mainly determined by the
broad swells and extensive valleys of preglacial topography. Surface features
derive almost entirely from work of the great ice sheets which at successive times,
and from different directions, overspread or encroached upon the region (Figure ),
Glacial deposits comprise an intricate system of ususlly strong hilly moraines
with relling to knolly surface associated with nearly level outwash plains of sand
and gravel and gently undulating ground moraine, Moraines formed along the ice
borders where they held their positions for a relatively long time and allowed
materials they carried along to pile up in rudely concentric systems marking suc-
cessive positions as the ice fronts halted and melted off from the region, Sands
and gravels of outwash plains were distributed on the outer borders of moraines
by waters released by melting ice. Ground moraine ('till plain) was left as the
ice borders melted back somewhat rapidly, thus forming few knolls and ridges.
This division is separated from the glacial lake plain to the west and north by
the Herman series of beaches which are generally well defined sandy ridges.,
Thickness of drift generally ranges from 100 to 300 feet in depth but at
places approaches 500 feet, Most of the extremely mixed soils developed from
glacial drift and consist of stony loams, sandy loams, loams and sands inter-
spersed with large and small peat bogs. In the eastern half of region the soils
contain more stone than in the western part, especially those in areas of
Patrician red drift, Predominent upland soils in northern part are gray or red
loams and sandy loams, In southwestern part they comprise fertile dark colored

heavy loams with variable textured subsoils, The southeastern section embraces

extensive tracts of sandy surface soils with sand or gravel subsoils, Through~

out the area large and small old lake plains with rich muck soils sbound,
Drainage is not well established anywhere in this unit. About one-fourth
of the area constitutes swamps. The drainage pattern consists primarily of

large and small lakes, sloughs, and muskegs connected by rivers and creeks which




appear to weave a network of water-ways., Notable among the lakes are Mille Lacs,
Leech, and Winnibigoshish, second, third, and fourth largest lakes in Minnesota.
Number of lskes in the region is destined to become much smaller within a century,
Land Use = Cute-over land represents most of the area, although a large pro-
portion has been brought under cultivation, Most of original coniferous and harde
wood forests have been cut and a large aggregate acreage classifies as idle de~
forested land, Restocking stands, the most prevalent forest size class, contain
mainly aspen-birch, jack pine, spruce-baslsam and spruce swamp cover types. Average
inherent productivity of soils in the area ranges from fair to good, with extemsive
areas of poor and very poor soils included. The Soil Conservation Service suggests
changes in land use to retire poorer land from cultivation and combat wind and
water erosion which is serious in some places. About half of the land is tillable
in the more agriculturally suitable southwestern portion where yields average high,

Soils low in organic matter, nitrogen and water holding capacity handicap agri=

culture in the southeastern section, This is the dairying, livestock and potato

district of Minnesota., Next to agriculture outdoor recreation ranks as the most
important use, Iron ore mining claims on the Cuyuna range are of greaf economic
importance and embrace almost seven thousand acres., Publicly owned lands in state
and national reserves aggregates approximately 1,676,897 acres, inclading 620,391
in the Chippewa National Forest, 496,341 in state reforestation and flood control
areas, 267,769 in state forest, 206,639 in Indian reservations, 35,834 in state

parks, 34,581 in U, S, Biological Survey lands, and 15,343 in state game refugesg

and public hunting grounds,

High Moraine Area =~ Includes considerable area of large and thick
moraines of calcareous till deposited on the relatively high, broad

and hilly granite area in west-central Minnesota (Figure -), Elevations
generally reach above 1400 feet with highest morainic hills attaining
heights of over 1,700 feet., The Mississippl River begins at Lake Hernando
de Soto which lies in an area ranging from 1500 to 1600 feet in elevation.
Innumerable depressions left in the morsines gave origin to thousands of
lakes, with the greatest number in Ottertail and Becker Counties, This is
another famous Minnesota lake region, the southern portion knmown as Lake

Park Region constituting one of the most interesting scenic areas of
Minnesota.




Anoka Sand Plain - Embraces extensive pitted outwash plain deposited
over a wide area in Anoka County and adjacent areas during retreat of
the Grantsburg sub-~lobe of late Wisconsin glaciation, Well=developed
belts of dune sand exist but they occupy o relatively small percentage
of the total area. Clayey Keewatin drift under the sand deposits
serves to hold up the ground water table and add to the agricultural
value of these lands., Wind erosion creates a serious problem on many
cultivated fields, '

Glacial Lake Basins - Includes lacustrine areas lying within the
portions of the Mississippi and St. Louis River watersheds covered

by the St. Louis ice lobe of the Keewatin ice sheet. The area comw
prises land flooded by glacial Lake St, Louis (Lake Upham) and glacial
Lake Aitkin, Because the St. Louis River, flowing for most of its
course through lowlands between the Mesabi iron range and ranges fronte
ingz on lLiake Superior, in preglacial time probably emptied into the pre-
glacial Mississippi, it seems justifiable to include the glacial lake
basin formed in that watershed together with the area covered by glacial
Lake Aitkin in one subdivision in the Moraine-Lake physiographic unit,
rather than as a subdivision in the Superior Upland. Sand in this area
probably marks the shallowewater margin of the lakes and silt the area
of deeper water, The subdivision contains a large acreage in great

and small muskeg swamps.

Lake Agassiz Plain

This district embracing 15,000 square miles of Minnesota is the most ex-
tensive nearly level land area in the state, because it was once the bed of
glacial Lake Agassiz (Figures = and -), Red River Valley served as the axis
of movement of the Keewatin ice sheet when it invaded Minnesota and upon its
retreat ponding of Lake Agassiz took place, Beach ridges of the glacial lake
rise high and dry above the lacustrine surface between them, They generally
reach from 5 to 10 feet above the bordering plains, occasionally from 15 to

20 feet, and vary in width from a few rods to nearly one-=half mile. This

physiographic unit should be divided into two major subdivisions on the basis

of drainage and lake deposition,

Red River Plain - Prairie land of the Red River Valley includes
the three following soil divisions based on differences in soil
parent materisl:t (1) dark-colored fine-textured heavy soils de-
veloped on lake laid clays, (2) darke-colored medium textured soils
developed on lake laid silty material, and (3) lighter-colored,
loose and coarse-textured soils formed on lake laid sands and
associated gravel ridges, Because of uniform topography much of
the area lacks adequate natural drainage. The Red River is ex-
tremely sluggish and meanders in intricate curves,




Land Uge = Soils of group 1 sbove produce mainly small grains
with wheat the leading crop; group 2, potatoes, sugar beets, small
grain and corn; and group 3, small grains(including mainly rye and
barley), potatoes, alfalfa and other tame grasses. For decades this
area hes been famous as part of the spring wheat region. Increases
in livestock and livestock products mark a trend toward diversificas-
tion, Roughly 80 percent of the land lies in farms of which 60 per=
cent classes as tillable, Inherent productivity of the seils is good,
although a considerable acreage ranges from poor to fair, Wind erosion
prevaile throughout the region, and in localized areas causes serious
damage on more sandy soils,

Loke Swamp = Intermixed glacial till, lake-washed till, lake deposits,
and lake shore material underlie the area., Interspersed among the
large and continmuous muskeg swamps that cover over two=thirds of the
district are many islands of loamy sand and long sinuous beach ridges.
In many places burns have exposed the mineral soil beneath the peat
layer which ranges from less than one to more than 20 feet in thickness
in the swamp areas, Land negr streams is better drained and much of it
is cultivated.

Land Use ~ Principal land uses are forest, wildlife propggation,
hay and pasture,and recreation, Greatest amount of azgriculture of the
seed, livestock, and dairy types is practiced in western portions of
the area. Most soil types grade as loose, porous and of low inherent
productivity, Approximately 2,568,210 acres lie within public reser-
vationg including 906,370 in state reforestation and flood control areas,
560,718 in state forests, 477,792 in state game refuges, 451,300 in
Indian reservations, 100,977 in conservation development projects,
66,553 in U, S, Biological Survey reserves, and 4,500 in the Superior
National Forest,

Till Prairie

Relief is almost wholly depositiomal and ranges from nearly level and une
dulating land in the west to rolling and hilly land in the east.Contours of the
bedrock-surface influence the land forms at only a few places, though they control

the general slope and altitude of the district, Steepest slopes occur along

streams where occasionsl gullies are associgted with erosion. During retrest

of the Keewatin ice front, glacial Lake Minnesota for a time covered several
hundred square miles in valleys of tributaries of the Minnesota River south of
Mankato, The Minnesota River, former outlet of glacial Lake Agassiz, is en~
trenched approximately 200 feet below the present land surface in a trough ex~

tending from one-half to fourmiles wide. In general the glaciated land lies




free of stone on or below the surface. Soils developed from calcareous till

under a vegetative cover consisting chiefly of tall prairie grasses.

Land Use - Approximately 95 percent of the total area lies in farms, of
which gbout three~fourths classes as tillable., Farmers use uncultivated acres
for permanent hay, pasture and woodlots. Agriculturally the district is one of
dairy, livestock, and grain farming, the latter to a more important degree in the
western part, Corn occupies about one-third of the land, oats approximately one~
fourth, and barley, wheat, flax and rye lesser proportions in the order named.
Surface eoils average deep, rich in organic matter and high in water-holding
capacity. Outcroppings of quartzite in relatively large tracts in Rock and
Pipestone Counties render some areas unfit for agriculture,

Young Till Prairie = Strong morainic systems in eastern portion
include considerable coarse stony drift with gravelly knolls and
ridges. Westward and southwestward more clayey till, with in place
an extensive thin covering of silt, comes in gradually and gravelly
and sandy deposits become more and more infrequent, Weak western
moraines generally mark successive positions of the Keewatin ice border
as it receded from the area by melting, In eastern part of the region
some peat occurs in poorly drained depressions, part of which has been
reclaimed for agricultural use. Elevation ranges from about 700 feet
in the Minnesota Valley bottom to 1,200 feet a considerable distance
north and south of the valley (Figure ~),

Prairie Hills =~ Coteau des Prairies ("Hills of the Prairie"),
2 linear upland extending across southwestern Minnesota, owes its
elevation to quartzite areas rising above the general level of the
bordering Cretaceous formation and to strong morainic ridges which
to some extent follow the crest. Although the greater part of the
very thick glacial material on the Coteau was laid down in earlier
stages of glaciation, moraines of the Keewatin ice sheet added
materially since they are more numerous and larger here than else~
where in southwestern Minnesota., This condition resulted from a
looping back of the ice edge by the Coteau and the massing together
of several moraines., The Coteau surface has an altitude of 1,700 to
1,900 feet or more along the highest part in Minnesota but the rise
from surrounding prairies is so gradual that the elevation can
scarcely be appreciated by one crossing over it (Figure =).

01d Till Prairie - This prairie land occupies the Coteau upland
area of o0ld gray drift of the Kansan ice sheet that was not covered
by young gray drift of the later Wisconsin glaciation. Subdivision
differs noticeably from younger till prairie to the north because the




landscape exhibits submature to mature relief and greater degree of

erosion, It differs also in the almost complete absence of morainic

ridges. Much of the land has a deposit of loess over the till that

generally reaches several feet in depth, or enough to form the soil

and subsoil,

014 Moraine - Hill

This hilly upland of hard and soft rocks rises from 1,000 to 1,300 feet or
more above sea level (Figure -). Except in driftless subdivision it is covered with
0ld and much eroded gray drift and exhibits a much dissected phase in the eastern
part and a rolling phase in the western part (Figure ). Glacial drift is very
scanty in the eastern sections of the glaciated part of this unit in Wabasha,
Olmsted, Fillmore, and western Winona and Houston Counties., Extreme eastern
portions of the district in Winona and Houston Counties lie within the Driftless
Area of the Upper Mississippi Valley.

Figure «~ shows extent of loessial deposits within this division. Loess rests
in part on glacial drift deposits and in part on residuary clay and rock formations
of the Driftless Area. In unglaciated area and in the thinly mantled (érift and
loess) and stream dissected areas, rock ledges of limestone and sandstone outcrop
along rugged and almost precipitous slopes of the valleys, often forming walls of
congiderable height.

Undulating to rolling plateau areas between valleys, including those in the

Driftless Area, usually have several feet of residuary clay and also a coating

of loess or windrdspOSitea silt loam covering the bedrock formations, Soils are

predominantly friable and uniformly textured silt loams, Good drainage exists
nearly everywhere, particularly in the eastern half, for almost every acre slopes
toward some drainage course, Beczuse of damaged vegetative cover, sloping land,
and extremely erodible so0il, sheet and gully erosion have become gerious,

Land Use « About all the land that topography will permit lies under cultivam
tion in this dairy, livestock and small grain area, Intensive dairying, largely
on a butterfat basis, is mainly supplemented by swine, Wheat constitutes the

major cash crop with potatoes, flax, barley, and oats following, Woodland is




most prevalent alonmg the rugeged strip bordering the Mississippl where neérly
one-third of the land area comprises wooded pasture, Inherent productivity of
upland soils ranges from good to excellent, while that of the rough broken land
grades very low, Diversification of products to which Minnesota farmers have
turned is nowhere in greater evidence than in this district.

Driftless Area = Glacial sheetsas they advanced and receded left one
small area untouched = an area confined to eastern Houston and Winons
Counties. Cut by tributary streams of the Mississippi the area is com=
paratively rugged, Silt loam (loess) extends down on the gentler slopes
from the divides between streams, but leaves the steeper part of the
slopes with rock exposed, Fine-texturedé unstratified loessial soils

erode easily and erosion progresses rapidly from sheet to the gully stage.

Minneapolis - St. Paul Artesian Basin

General structure of rocks of the Twin City metropelitan area resembles
a very flat basin or saucer-shaped depression slightly elongated in a northeast-
southwest direction, Average dip of the beds on sides of the basin according to

recent findings appears to be about 20 feet per mile.l/ Exposure of porous for-

;/ Schwartz, George, M., The Geology of the Minneapolis—St. Paul metropolitan
area! Bull, 27, Minnesota Geological Survey, p. 89, 1936.

mations at the surface surrounding the structural depression or beneath the
glacial drift permits water to seep into them and find its way toward the center
for domestic and industrial use,

Moraines with rolling or pronounced hilly surface cover most of the district

except in the northern portion where the Anoka Sand Plain extends into the basin,

Lake Minnetonka and most of the other lakes resulted from irregular heaping up

of rock debris by the glacier and disturbance of preglacial drainage systems.
Materials in the moraines of this area were left by severzgl ice invasions and

have formed relatively deep, fertile and permeable soils (Figure -), Land extends
generally free of stone both on and below the surface except on the young red drift

left by the Patrician ice sheet,




Land Use - Mixed dairy and general farming typifies the agricultural use,

Many truck farms and specialty farms frequent the Twin City metropolitan fringe,

Some farms devote considerable acreage to potatoes, Over four-fifths of the land

lies within farms, of which over 70 percent classes as tillable., Inherent pro-

ductivity of soils grades from good to poor. Urban area aggregates over 108,000

acres,
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CLIMATE OF MINNESOTA

Introduction

Minaesota's basic industries, agriculture, minimg and quarryinsg,

forestry, and recreation all closely reflect climatic conditioms, and
consequently the industries of oconversiom and exchange fourded upon these
indugtries are also affected, Climate comditions the distribution as well
a8 the yleld of agricultural crops and the general systems of farmimg. It
sots the limits of distributiom of vegetation typess Practical cessation

of mining operatiomns on the irom ranmges and the industrial shift to logging
and allied ocoupations in winter attests further to the rule of climate,

it imparts a stromg ;;asonality to Minnesota employment and affects very
intimately the economic and cultural life of Minmesota through its influence
on income and cost of living, particularly in northern portionms,

Climatic differences, whether inter-state or intra-state vitally comcern
in & number of ways the summer commercial recreation industry, Effective
conservation of matural resources of the State, particularly water and forest
resources, depends to a notable extent upom understanding climatic conditions
both "normal" and "abnmormal". It is an element in the physical resources of
the State which can scarcely be over-acknowledged,

lilnnesota lies entirely within the climatic province deseribed as "humid
continental with short summers". Major climatic features are hot summers,
cold winters, comparatively short growing seasom, late spring and early cummer
rainfall, swift changes in weather, and abundant sunshine, However, through
comparison of statistical data compiled through weather observations over a

long period of time it is possible to bring out certain definite differences




of climatic regime within an area as large as linnesota, Criteria for
differentiastion are principally diversity in amount and time of precipita=
tion (various forms are rain, snow, hail, and sleet) and the temperature
conditions,
Climetic Controls

Climate has been defined as continuous composite weather, Description
of it must be predicated on a perspective of major controls of climte.
Those affecting the State are:-

Latitude - Minnesota lies between 42° 30' and 49° 24' north latitude,
o distance of 406 miles. Within this distance latitudinel difference alone

o

will profoundly influence temperature and effectiveness o

Creat amual range in solar radiation makes winters long and cold with

8 to 9 hours of daily sunshine and the summers short but with 15 to 16 hours
of daily sunshine (Figure = )s On Minnesota's northern boundary daily sun-

shine lasts twice as long in July as in January.

Land and Water - Minnesota is remote from tempering influence of the

& s d 14 a v A
temperature, Mid-

sea and so has relatively great seasonal fluctuations of

continent areas are prone to be productive of unstable air currents, fre-

]

cuent thunderstorms, and occasional destructive cyclones or tornadoes.

Great water areas of the Gulf
Culf, constitute iritial sources uay of water

vapor which are carried into the Mississippi Valley in which Minnesota lies

0

by the continental indraft of air during warmer months 'o a minor extent

(=
the Great lakes affords supplies of water vepor.

Affect of winds from gregt bodiss of water i equalize tempera-

tures of lands near by and lengthen the crop=growing seeson, In the

W (=]

(=}

vicinity of Lake Superior, the great inland sea effects o more moderate
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above due to heating and expansion. The broad atmospheric eddy (average
liameter of 1000 miles) which se in with its attendant weather phenomena

3 M

is known as a cyclonic storm (not to be confused with cyclones). Winds in
general blow toward and around the center in a counterclockwise direction.
Toward eas ant the winds generally blow in from southeast and are
both we 1 '41led with moisture. As they come in
and are forced to ri a5 they approach the center of
oisture, Northwsst winds to north
dry air. Higl ssure aret € ouil and follow
low pressure earens {rom west o re known as anticyc! nd usually
bring clear and cooler weather,
ss there is an average of almost two cyclonic storms each week with
air weather periods between, liinnesota has variable and rapidly changing
Cyclones are much more intense and move at higher speeds in winter
than in summer because of greater contrast in témper&tures of high and low
latitudesduring winter season. In summer the rainfall is produced

convectional disturbances nally hunderstorm varietyf end

Tempereture

Average annual temperpture of Minnesota for the perioed 1821 to 1938

inclusive, is 4l.6 degrees, Highe annuel mean temperature, 46.9 degrees,
oceured in 1931, and the lowest, 37.7 degrees, in 1917, Deperture from
normal of the average tempsrature of any year may readily be determined
in figure -
month is Jenuary, which has a mean temperature of 9.2 degrees.

he average for February reaches considerably higher, 1 5 degre but in
many instances February has averaged colder than the preceeding January
July is the warmest month, with an average temperature of 70.C degrees,

although in a few years, the mean temperature for Jumne or for August re=-

corded higher then for July of the same year.




Temperature conditions may be generalized in terms of average tempe-
ratures for different seasoms of the year, average length of growing seasonm,
and aversge dates of last killing frost im sprimg amd first killing frost
in falle The maps depicting these climatic mspects are based upon reports
of 74 weather stations all having over ten years of record up to 1938,

Lines, or isotherms, are drawn through all points that have the same average
temperature or the same average dates of first or last killinmg frost.

Temperature maps indicate temperature conditions which may be expected
to prevail in any specific area of comsiderables extent in each of the four
seagons of the year - spring, summer, fall, and winter (Figures - to = ),
From these it may be noted the temperature of the State presents great
differences from one season to anocther and appreciable diversity both with
relation to latitude and water,

In-go-far aas altitude affects temperature the three widely separated
sections of highest elevation, the northeast wedge, the southwest corner,
and the geotion of large moraines around the source of the Mississippi, should
have temperatures between two and three degrees lower tham those arees APprox=
imating 900 to 1,000 feet in south central portion of Minnesota and along the
Red River Valleys Pipestone, which lies along the Cotesu at 1,710 feeot,
records an average temperature from 1.5 to 2.0 degrees lower than several
stations below 1,000 feet at about the same latitude, The high moraine dis-
triet has average temperatures from one to two degrees lower than statioms

approximately at the same latitude in less elevated Red River Valley.

Winter - Latitudinal and water controls apparent in annual averages,

are most evident in averages for winter momths and in winter season AVOTAZ OS¢
Greatest differemnces in temperature exist during that period between northern

and southern Minnesota, Lowest January averages recorded in the north are




Hallock and Roseau, respectively, In the

0.5 degrees and 0,9 degrees for
south the highest January averages exist at Faribault and St. Peter with
14.6 degrees (Table = ). igure = illustrates the rather steep temperature

&
gradient betwsen northern and southern parts of the State during winter.

In general, the map shows that winter temperatures are lowest toward the
northwest and in directions away from the leke, Lines of equal temperature
all bend southward around localities of higher altitude such as the north-
central high moraine area and in southeastern and southwestern Minnesota.
January and February include the lowest temperatures of the ysar. 'Note in
table -, the average temperaturesfor the coldest month on record for selected
stationsand the lowest extremes. Table = gives stations and date of lowest
temperatures recorded in Minnesota, Occassionel periods during the winte
when for several days temperatures hover around 20 degrees below or lower
acoount for limited cultivation of fall sown crops. Duration and intensity
of the cold depends upon strength of the Polar Continental high pressure air
mass. Average monthly temperatures for weather stations recording tempera-
tures show marked breaks between November end December and between February

]

end March, setting off the three months as a definite period (Table - ).
Spring - Spring is the period of transition. In March and April unstable
atmospheric conditions prevail which involve sharp variations in tempereature,
Cyclonic storms begin to move more slowly and erraticelly as insulation in-
creases, Except in the northeast third of the State a rapid rise in tempe-

rature occurs. Water of Lake Superior warms much more slowly than the land

and this lowers temperatures of adjoining areas (Figure - )e Duluth has

average temperature of 47,3 degrees in May while lMoorhead in approximately

the same lotitude records 55,1 degrees. Melting of a compartively deep snow
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DATA coMmMpPiLED TO 1930 onLy.
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1/ DATA NOT AVAILABLE IN CLIMATIC SUMMARY oF 1930,
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CompiLeED FRomM CLimATOLOGICAL DATa, U, S, WeaTHER BuREAU




TEMPERATURE DATA

FOR SELECTFD STATIONS

Years | Annual | Aversge | Average | Maximum i Minjimum Average Average Absolute haeiuts
it Selected Bleve-| of Mean | Annual | Annual | Average |Month | Average | Month | Temp, Month | Year | Temp, Month | Year Maximuél Month| Year M4t Month| Year
Statior County tion Record | Temp. | Maximum | Minimum | Monthly Monthly -+ | Warmest Coldest
Month Month | i
Grand Meadow Mower 1338 53 43,5 54, 8 33,4 gh, 1 July 2,2 Jan, 79,4 July 1501 4.1 Jen, 1912 107 May 1934 .39 Jen, 1887
Minneapclis Hennepin 839 49 hh.5 63.0 36.1 82,8 July Bel Jan, 81,bL July 1936 2,7 Jan, 1912 108 July 1936 -34 Jan, 1936
Fergus Fells Otter Tail 1210 ug .5 52,2 31,2 83,2 July =19 Jan, 80,4 July 1936 .g.h Teb, 1936 110 July 1936 k2 Feb, 1936
Moorhead Clay S04 58 39.2 50.3 29,2 81,2 July 5,2 Jan, 80.2 July 1936 9.3 Jan, 1887 114 July 1936 T Jen, 1887
Worthington Nobles 1593 L5 4y 2 54,8 34,0 83.2 July 4,9 Jan, 80,7 July 1936 .2,0 Jan, 1912 110 July 1936 =37 Feb. 1899
Duluth St. Louis 1128 6l 38,0 u7.3 2C.6 4.8 July 0.2 Jan, 70.2 Avg. 1930 .7.2 Jan, 1912 106 July 1936 =M1 Jan., 1885
Hallock Eittson 815 40 27,0 4g. 0 25.3 78.6 July -10,9 Jan, 78,0 July 1936 -1k, Lk Teb, 1936 109 July 1936 51 Feb, 1914
Winnibigoshishk TItasca 1315 52 38,8 49,0 2g,2 80,0 July 6.1 Jan, 75.2 July 191¢ ~10,0 Jan, 1912 103" July 1901 k9 Feb, 1933
Collezeville 1/ Stearns 12L2 47 43,0 52, 8 33,1 81,3 July 1.8 Jan. 75.0 July 1894 .2,k Jan, 1912 106 July 1936 -39 Jan, 1936
Note:; Data compiled to 1938, inclusive : :
l/ Collegeville date computed to and including 1930 only, es no data is availsble for subsequent years, Revisions to 1938 would show only neglizible chenge.
Source; Compiled from Climatologicel Data, U, S, Westher Buresu
STATICONS WITH HIGHEST AND LOWEST TEMPERATURES RECORDED IN MINNESOTA
stat & _! Years Elevation Highest Years Elevation Lowest
tation County ‘ of Record I Feet Temperature Dete Station l County of Record Feet Tempersture Date
Moorhead Clay ?s 904 11k July 6, 1936 Leech Leke Dam Cass 51 1,301 =59 February 9, 1899
Beardsley Big Stene 40 1,090 114 July 29, 1917 Pokegema Falls Itesca Fl 1,280 -59 February 16, 1903
Milen Caippewa U5 955 113 July 21, 1934 Warroced Roseau 31 1,069 ~55 February &, 1933
Whesaton Traverse 23 1,018 113 July 16, 1936 Detroit Lakes Becker 43 1,36k -53 February 9, 1899
Wadens Wadens 20 1,350 112 July 10, 1936 Big Falls Koochiching g 1,220 -53 Februery 8, 1933
Maple Plain Hennepin | 1,023 112 May 31, 193k Ada Norman Y2 906 -53 February 15, 1936
Ada Norman L2 906 111 July 6, 1936% Pine River Dam Crow Wing 52 1,251 ~53 Jenuary 12, 1012
Campbell Wilkin 34 975 111 July 10, 1936 Bagley Clearwater 12 1,438 -52 January 11, 1912
Cenby Yellow kedicine 21 1,243 111 July 12, 1936 Little Fork Koochiching 6 1,175 -2 January 7, 1912
New Ulm Brown L5 791 111 July 14, 1936 Sandy Leke Dem  Aitkin ug 1,27} 52 Jemuary 31, 1899
Fosston Polk 29 1,289 110 July 8, 1936 Roseau Rosean 3y 1,040 -52 Februery 11, 1914
Red Lake Fells Red Lake 23 1,001 110 July 12, 1936 Grand Rapids Itasca 2L 1,281 =51 January 26, 1927
New London Kandiyohi us 1,215 110 July 20, 1901 Hallock Kitteon 40 31% =51 February 11, 1914
Fergus Falle Otter Tail u7 1,210 110 July 6, 1936 Park Repids Hubbard 4g 1,426 -5l February 2, 1899
Redwcod Falls Redwood 2k 1,050 110 July 13, 1936! Itasca State Park Clearwster 26 1,500 51 February &, 19?3
Worthington Nobles uy 1,593 110 July 17, 1936 Crookston Polk ° 50 888 -51 Februsry 15, 1936
Farmington Dakote 4g 202 110 July 14, 1936
Note: Data compiled to 1938, inclusive.

L Other dates are in other months also.
‘Sourcet

Compiled from Climatological Data, U, S, Weather Buresu



layer and the prevalence of heavier forest cover retards the rise north and

west of the lake. Comparisons of average temperatures for stetions within

this area and western prairie stations attest to this condition (Table = }.

Effect of higher elevetion may be seen in figure -.

- Examination of table = reveals that July represents the warmest
month everywhere in lMinnesota. It is pertinent to note that in summer months
interior stations north of Lake Superior experience higher average monthly
summer temperetures than do stations near the lake., Further, the daily range
of temperatures avereges smaller along the lake than at inland stations, due
to lower daily maximums and higher daily minimums but temperature varies
nmore from day to day, due to frequent onshore winds (Teble =),

The Lake Superior region has become increasingly popular in summer months
as a resort area not only for residents of the State, but for people through=

4

out central United States. Tow summer temperatures together with exceptional
recreation resources make most of northern Minnesota attractive as a summer
vacation land not only to residents south of Minnesota but within the State
as wells With occassional "hot waves", there is & wvirtual exodu# to northern
centers, particularly in northeastern llinnesota, Table = gives the stations
with the highest temperatures recorded in Minnesota,

Cool weather sometimes comes with the passing of week summer cyclones in

July and August. Such occurrences afford welcome interruption, particularly
in the southern division of the State, to rather continuous summer heat in
those months, Figure - graphs the average summer temperature distribution.
Fall - In the fall, lowering temperatures enable the continental air mass
’

to steadily build up, without however, rapidly moving cyclones and sudden

chenges which characterize the spring transition period. Cold air moving




from the north results in dry clear weather commonly known as "Indian Summer".

Thers is enough solar insolation to create warm days but the nights turn coole

11 lake Superior cools more slowly than surrounding land; hence the
isotherms turn northward near the lake (Figure = ). Average monthly tempera-
tures show marked breaks between October and November.

Frost-Free Season
Probably no other factor in the study of climate from the standpoint of
agriculture should be given more consideration then length of growing
This is the key to actual knowledge rege
feilure in production of crops in various
tablef-, -, and -, frosts have occured in pE. Hnne every month
of the year and not uncommonly in most of Minmnesote in the latter half of lay
and before the middle of September. Damagingly low temperatures, however,
except in northern portions, mey not be expected during June, July and August,
As shown by figure -, nearly the entire Ste hes an average expectancy of
110 or more frost-free days, lost ted sections of the State may expect
Nearness to Lake Superior
naterially affects gth of the season. The longest season, 160
days, obteins along the lMssissippi River in Wabasha and Winona Counties as
figure = and very probably along the lowland f the valley both
Ilinneapolis-St. Paul are: enjoys 160
Shortest season, of 100 days or less, extends in a broad loop
ly north of the iron ranges. Note the bars comparing length of growing season
for north to south stations, in eeste central and western portions of the

State, Table = registers average date of last killing frost in spring and

first in autum and average length of growing season for selected statiomns in




DATE OF LAST KILLING FROST IN SPRING IN MINNESOTA
SFLECTED STATIONS TO 1938, INCLUSIVE

e . — . e

| April May | June Jul
| Yosrs ! ] | M 31~ J 30~
Station | County Flevation| of 1-5 | 6-10 |11-15] 16=20 |21-25| 26430 | 1-5 | 6=10 {11-15 | 16-20 |21-25 | 26~30] J 4 £-Q | 10-14 | 15-19 | 202l | 25-29 | J U £=9 |10-14
| Feet | Recard [Per- '?brul Per- | Perm | Per~ | Per- |Pefw=| Per= | Per~ | Per~ | Per- ] Per- | Per- | Per~ | Per- | Per- | Pers | Per~ |Per~ | Per-jPer-
| P | ! | cent| cont| cent | cent | cent | cent |cent| cent | cent | cent | cent | cent’i cent | cent | cent | cent | cent | cent /cent | centi cent
NORTHFRN DIVISION
Ada Norman 906 y2 S DS e TR e T l. 9,6 18,0 2:3
Ah-gweh~ching Cass 1,336 31 3.2 1.2 12,9 19,3 . 22l 9.7 ¢ 16,1 BB Bl 3,2 Y
Angus Polk 870 37 2.7 8,1 Bl 18,9 13,5 | 10,87 10.8 | 18.8 8,1 5elt
Baudette Lake of Wogds 1,084 29 3¢5 47 TN & o B & v MR 3.8 B9 13,7 10,3 3.5
Bemidji Beltrami 1,400 22 TR S i R R S TR R AT s e
Crookston Polk ; g8 49 - 2,0 §.1 B0 "Az.a 16,3 1k.3 18,3 12,2 . W10 8a
Detroit Lakes Becker 1,364 4o L BT S I y (S I 1) ! 9.8 1Ly T s 9.5 7ok
Duluth St. Louis 1,133 66 1.5 T¢5 Belih- 3.3 UGS GBI BIN1F 6L a5 6,1 u.5 1.5 1,5
Grand Marais Cook 606 23 8.7 87 21.7 BT AR M Bl 4,3 4,3
Hallock Kittson 815 40 245 10,0 1.5 18,0 16,9 12,5 @&2.,F 10,0 5.0
International Falle Koochiching 1,112 21 4,7 L 9,5 14,3 4,7 23.8 9,5 u,7 9.5 U7 4.7 4,7
Leech Lake Dam Cass 1,301 ] 2.4 TeX iU EeE Al S s AT T Rk
Meadowlands 5t. Louis 1,259 30 3.3 6. 7 167 60T 1 Ted 16,7 6.7 8.7 6.7 B
Moorhead Clay 935 Kg 6.9 3.5 8.9 17.2 16,3 15,7 A7.2 8,6 6.9 6] 3.5
Park Rapids Hubbard 1,L26 47 Al 2 300 0 ATH T 1951 B0 8,5 N3 6e3 2.1
Pokegema Falls Itasca 1,280 52 L TR 1.9 T AsE M A . S | 96 3.9 17 1.9
Redby Beltrami 1,158 22 6:3 8.3 187 9,3 31,3 83 9.3 6.3 3,1
Red Loke Falls Red Leke 1,001 22 13,6 8% 22T 2R 18,1  13.6
Roseau Rosesu 1,040 35 2,9 R L0 SR 1) RS ) BT 208y " 171 5.7 8.6 5 T
Sendy Lake Dem Aitkin 1,32L u6 2.3 TR BRI 6.5 10,9 21,7 10.9 10.9 8.7 4,3 &y 2
Tower St. Louis 1,357 17 5.9 ;) W S iy 7. 1747 B.9 23.5 11,7
Two Harbors Lake 61k 45 gl BT @ 9 B " ag e ilngag i 18 6 SSRE AN T CILl 2.8 3,2
Virginia St, Louis 1,L65 45 2,2 L,k 2.9 11 17,8 20,6 (a8 15,6 bh 6.7 2.2
Winnibigoshish Dam Itasce 1,315 Yy Gl R RS o TR 6 B0 9.8 12,2 4.8 2,4
SOUTHWESTERN DIVISION
Alexandrie Douglas 1,391 43 2.3 1. 233 12.6 ' 20,3  11.6 9.3 BT 2.3
Beardsley Grant 1,020 i 2.4 = 0 NI 5 S 1 O YRENERR, A O ¢ TR, - 9.8 4,8 14,6 4,8 2.
Bird Islend Renville 1,039 47 2.1 16,6 136 21,3 10,6 14,9 12,7 8.5 o 4,3
Canby Yellow Medicine 1,243 16 18,8 18,8 6,3 18,8 6.3 31,3
Fairmont Martin 1,240 B2 1,9 1.9 0 1,3,9 1345 ‘28,1 19,2 5.8 856115 BB 1.9 B3
Fergue Falls Géter mail 1,210 s G THE AZe3c 1330 20,00 86" 18,8, B8 b u
Long Prairie Todd 1,299 25 2.0 0 28,0 20,0 12,0 &0  BuH ho .80 4,0
Lynd Lyon 1,1?5 30 617 607 13-3 23-3 ]-O-O 1303 16-7 303 607
Milan Chaiopewa 955 45 - S R P G i 1 U 1 T 6 TR A TR B R S 6. 7
Montevideo Chiopewa S00 Uz 8.3 18.8 22,9 12,5 10,4 1h4,6 8.3 24 2.1
Moorhead Clay 935 Di 70 3.5 Te8 (175 8.7 X0 ! 17.5 g,8 Te0 6,53 3¢5
Morris Stevens 1,170 AL 3T 7.% 13.0 18.5 13.0 22,2 Be b e 943 367
few Londen Kendiyoni 1,215 L6 2.2 8.7 '15.8 21.7.10.9. 17.% 1.9 8.7 2,2 2,2
New Ulm Brown 791 45 2,2 13,3 20,00, 8 5 8,0 8,9 13,3 hou 2.2 2.2
Pipestone Pipestone 1,710 37 2.7 10,8 16,8 10,8 & 2146 ‘13,5 ' 155 ST 5ol 2.7
Redwood Falls Redwood 1,050 oY 16,7 BQ.8 25,0 16,7 4,2 &3 u,2 §,2
TWadena Wadena 1,350 19 Bed: 1 Bed " Blel B3 - 10:5 | Ab.8 BEy3 16,8 15,3
Wheaton Traverse 1,018 23 My R i T 0 R R o G 4L L
Willmar Kandiyoki 1,133 3k 2.9 ;s 0 s My ol T O - S Vo i I S 1 2,9
Worthington Tobles 1,593 u3 2,53 146 9.3 186 9,3 18,6 140 11,7 &3 2.3
SOUTHEASTERN DIVISION :
i1 ) Woh 2,
geilnesriite i i LeE ot o8 103 138 B8 1 18 W5 3 B8
Grond Meadow Mower 1,338 5 1.9 a7 9. @p6 ‘Z.g 18,9 18.9 % ey 348
[Minnespolis Hennepin 913 g 2.0 100k N2 18N 15 2L Y TR v 6e3 L2 6e3
Mora Kansbec 1,001 34 _ 5.8 14,7 2,9 2948 14,7 11,8 8,8 5.8 5.8
Pine River Dam Crow Wing 1,251 52 3.9 Bl i Beg TaT AGIE N IR XLE . 11,6 9.6 349 1,9 349 1.9
St, Paul Ramsey 703 63 L P30 1 P O A G A R U o e e R (9 4,8 1.6
t. Peter Nicollet 825 T 2,2 C ol S - W i LY (N R [ BRI 4. Y 8.7 2.2
Teylors Falls Chisago 759 31 a7 161 e R REE 11 12,9 6,5
Winnebago Faribault 1,100 Ll 15,9 . 22,7 18,9 9.1 356 118 4.5 4,5 2.3
Wincna ¥inona 700 39 2,6 10.3 2.6 18,0 158 1h b 154 10,3 5.1 5.l
Tote: When frost was not recorded the last temperature of 32° or lower was used

€
Source: Compiled from Climatological Data, U. 5. Weather Bureau.




LENGTH OF GROWING SFASON IN MINVESOTA

SELECTED STATICNS

Note: When frost was not recorded the last or first temperature 6f 722° or lower was used.

Source: Compiled from Climatological Data, U, S. Weather Bureeu,

. Average Date | Average Date | Average Length |Latest Date | Tarliest Date
Years of Last of First of Growing of Killing of Killing
§tation Flevation |of Record [g111ing Froet Killing Frost Season Frost in Frost in
in Spring in Autumn (Days) Spring Autumn

SOUTHEASTERN DIVISION
Collegeville 1242 46 May 8 Sept. 29 143 June 7 -Aug, 12
Farmington 902 T May 11 Sept. 29 141 June 6 Sept, 9
Grand Mesdow 1338 R3 May 11 Sept, 28 1%e June 8 Sept, 10
Minnespolis 918 ug Apr, 28 Oet, 12 169 May 20 Sept. 13
More 1001 3y Mey 17 Sept. 22 130 June 9 Avg, 27
Pire River Dam 1251 A2 May 21 Sept, 29 121 June 30 Aug, 26
St. Paul 837 62 Apr, 25 Qct, 9 166 May 23 Sept. 18
St, Peter 825 46 May 10 Sept. 29 142 June 22 Sept, 10
Taylors Falls 759 31 May 14 Sept, 29 137 June 9 Sept. 10
innebago 1000 ﬁh May 6 Oct, 3 150 My 31 Sept, &
Winona 700 4o Apr. 30 Oct, 6 159 May 25 Sept, 10
Zumbrota o17 36 May 13 Sept. 27 13 June 9 Aug, 30
SOUTHWESTERN DIVISION
bLlexandria 1391 43 May 11 Sept. 29 1ko May 31 Sept. 10
Artichoke Lake 1075 22 Mey 12 Sept, 26 136 May 29 Sept. U
Besrdsley 1090 il May 21 Sept, 19 120 June 1K Aug, 30
Bird Island 1039 4g May 10 Sept. 29 141 June 7 Avz. 24
Camphell - 978 39 May 16 Sept. 19 125 June 9 Aug, 22
Canby 1243 23 May 11 Sept, 30 141 May 2U Aug. 24
FPairmont 1240 Ll Mey 5 Oct. & 151 Mey 31 Sept, 11
Fergus Falle 1210 38 May 10 Sept, 23 135 June 7 Sept. B
Milan 95% 46 May 15 Sept. 2U 131 June 9 Aug, 30
Montevideo 000 18 May 8 Sept, 29 143 June 7 Sept, 12
Moorhegd a35 58 Mey 12 Sept. 25 135 June 8 Avg, 25
Morris 1170 53 May 14 Sept, 26 134 June 7 Avg, 30
New London 1215 33 May 8 Oct, 1 145 June 6 Sept, 12
New Ulm 791 47 May 8 Sept, 30 1k June 10 Sept. 8
Pipestone 1710 39 May 13 Sept, 26 135 June 21 Aug, 11
Redwood Falls 1080 26 May 8 Bet, . K 140 June 5 Sept, 18
Trecy 1403 28 Mey 7 Oct, 3 148 May 24 Aug, 25
Wadens 1350 23 Mey 26 Sept, 23 119 June 7 Aug. 28
Wheaton 1018 25 May 1L Sept, 25 133 June 9 Avg, 30
Willmar 1133 33 May 7 Sept, 25 140 June 7 Sept. U4
Yorthington 1593 S May & Oets. 1 1h5 June 6 Sept. 7
_NORTHEEN DIVISION
Ada 906 u2 May 23 Sept. 19 118 June 14 Avg, 22
Ah-gweh~ching 1336 41 May 16 Sept. 29 135 June 29 Sept. 9
Angus 70 27 May 27 Sept. 13 108 June 18 Aug,. @20
Argyle g5 22 May 25 Sept. 18 116 June 15 Aug, 25
Baudette 108k 20 May 26 Sept. 17 113 June 15 Avg. 26
Bemidji 1400 22 May 24 Sept, 16 114 June 13 Aug, 22
Cass Lake 1323 22 May 23 Sent, 20 119 June 1k Auvg. 2N
Crookston 8gg 49 Mey 18 Sept, 2U4 128 June 7 Sept, 6
Detroit Lakee 1364 42 May 25 Sept, 18 116 June 18 Avg, 23
Duluth 1133 66 May 8 Oet, i 148 June 14 Sept., 10
Fosston 1289 2g VMay 24 Sept. 16 11k June 26 Avg, 13
Grand Marais 606 23 May 21 Got, '3 134 June 13 Sept. 9
Grand Repide 1281 2y May 26 Sept, 1L 110 June 20 Avg, 20
Eallock g15 Lo May 29 Sept. 17 110 June 18 Avg, 24
Itasca State Park 1500 28 June U4 Sept, 11 98 June 18 Aug, 16
Leech Leke Dam 1301 4 May 2h Sept, 14 112 June 1% Aug, 13
Mahnomen 1213 22 May 29 Sept, 17 110 June 14 Aug, 23
Meadowlands 1259 30 June 2 Sept. 9 98 June 27 July 18
Park Rapids 1426 47 May 19 Sept., 20 123 June 25 Avg, 25
Pokegema Fglls 1280 Ul June 1 Sept, 11 101 June 30 Avg, 2
Redby 1158 33 May 21 Sept. 24 125 June 13 Avg, 28
Red Lake Falls 1001 2k May 23 Sept, 19 118 June 9 Aug, 25
Rogean 10k40 35 May 31 Sept, 11 102 June 22 July 18
Sandy Lake Dam 1234 L6 May 23 Sept. 19 118 June 28 Aug, 24
Thief River Falls 1137 27 Mey 2% Sept, 17 114 June 18 Auvg, 26
Tower 1375 20 May 31 Sept. 9 100 June 25 Aug, 18
Two Harbors b1k u5 May 17 Sept. 29 134 June 17 Sept. 7
Virginie 1465 us May 27 Sept. 15 110 June 23 Aug, 16
Warroad 1069 30 May 25 Sept. 17 114 June 27 Avg, 25
Wimmibigoshish Dam 1315 5 ] May 18 Sept., 23 127 June 11 Aug, 17

Data compiled to 1938, incl.




.

Using average dates for last killing frost in spring and first
frost in eutumm for a large number of places in
- were constructed to show average beginning end ending of crop growth
to determine the average length of growing season. Lengthening of the season

near Lake Superior occurs both in spring and in fall, but particulaerly in
fall, The lake tends to retard growth of plants in spring until demage of
frost is over, and wards off early frost in the fall.

To supplement the map howing average dates of last killing frost of
spring and first of autumn, charts are given at the bottom of each which
show for selected stati the deviation of frost ocourence from the average
= the number of frost occurrences by the mb f days before or after the
average occurrence, To further indicate distribution of killing frosts in

spring and autumn and to bring out the likelihood of occurrence in a given

!
£

period, percentages of occurrence for most stations in Minnesota are presented

in tables = and -. In table - are given the latest date of killing frost in
earliest date of killing frost in autumn for a considerable number
Minnesota.
Precipitation

Year in and year out, lMinnesota's people are most concerned about the
precipitation factor in climate for even moderate deviations within the an=-

nual cycle have important consequences, If early summer rains do not come

in the season, corn and other grain crops sown in April or lMay
sprout too late to become a good money crope Continuous dry weather during
July and August results in extreme evaporation with wilting, and consequently

a small crop yield, Drought os some of Mimmesota is occassionally desolat-

If the season happens to 1 xcessively moist and humid, rust may ravege
¢ i - J » 0 o

grains and rot despoil tuber crops. Little precipitation in fall or early




spring increases the hazard of forest fires, while excessive precipitation

promotes floods and erosion. Hail comes with a frequency unknown in most other
regions in the United States and in five minutes may beat & promising crop into
the dirt, These are precipitation aspects of the weather which climatic aver-
ages inadequately express and which occesionally occur, Happily, precipitation
deviations of this nature seldom prevail beyond safe limits and a failure of
all the important erops is very rare, even over a small portion of the State,

recipitation: = Annual normael precipitation of the State as a

rhole for a period of 48 years, 1891 to 1938 inclusive, is 25,15 inches, The
geographic distribution of average annual precipitation in Minnesota is shown
in figure -, which is based on reports from 86 stations, all but two of which
o 7

have more than 10 years of record., The point may be emphasized that amounts
shown do not mean that every year these quantities of precipitation may be
expected. In some years these amounts will be considerably exceeded while in
others the amount will be significantly less, Further, relative distribution
shown on the map will vary from year to year, Note distribution of departures
from normal for selected stations at the bottom of the map. The map is a
picture of what the annuel average precipitation will be over a long period of
years, It shows the following primary facts relating to distribution of annua
precipitation,

Normal yearly rainfall in Minnesota ranges from slightly less than

20 inches in the northwest to slightly over 32 inches in the southeast,

If this amount of rainfall could be depended upon each year, crop

production would be securce.

Arnual rainfell increeses from west to east. Precipitation is about

one-fourth to one-third greater along the eastern boundary of the

State than along the western boundary.

Lines of equal annual precipitation (ischyetal lines) tend to runm
irregularly in a southwest - northeast direction,

>




Area of least rainfall is in the northwest, but there a slower rate
of evaporation and transpiration makes precipitation effectiveness
somewhat greater than in more southerly portions of *’c State.

Highest areas of eastern linnesota, the 0ld loreine - Hill area and
the Superior Upland receive most rains.

ip.jor regions of the State divided on the basis of precipitation
otrﬁk;r gly conform with natural regions previously described in

section on physiography.

Seasonal Distribution - Of more importance thean toteal precipitation is

its distribution during the year. Average annual and monthly precipitation
for stations in Minnesota are given in table From this it may be seen that
two=thirds of the rainfall occurs during the period from lay 1 to September 30.

Figure = illustrates average distribution of precipitation during the growing
& 1 =} o o

season, Distribution of the amount of rainfall aveilable in that period is an

important factor for most crops in the State, because the proper amount of

water in the soil at the critical period of development of the plant is neces
sary to produce 2 large crop. Table - shows that June is the wettest month
with en average rainfall of 4,01 inches and July next with 3.29 inches. The
early summer maximm is, of course, ideal for agricultural purposes. All but
two of the stations given have over ten years of record and have been adjusted
to a 35 year normal,

Red River Valley definitely receives least  any area
in the State during the growing season. As most of the summer rain falls in
showers of local character the result is that within short distances moisture

be considerable in the same season, Greatest rainfall in one
. for any station in the State was 16,5 inches at Alexandria in Augus ;P

1900 (Table Again note from the map the influence of topography on lines
of equal precipitation. Mean precipitation and temperature for the growing

n ~

season are given in table = for 86 stations in Minnesota.
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Date compiled to 1938 inclusive.

Note:
-Source

Cermpiled from Olimékological Pats, U, S. Weather Bureau.




MEAN TEMPERATURE AND PRECIPITATION FOR GROVWING SEASON

biaak URFEY Years Mean §°ta11
ounty Tlevation of orma
Record e o Precipitation
NORTHYEN DIVISION
Ada Norman 906 43 61,9 14,82
Ah-gweh-~ehing Cass 1,336 31 61.8 16,64
Angue Polk g70 36 60,k 13.55
Argyle Marshall 8us 23 61.6 14,39
Bagley Clearwater 1,446 13 16,21
Baudette Lake of the Woods 1,084 28 14,03
Bemid ji Beltrami 1,373 35 16,24
Cass Lake Cass 1,323 32 3/ 16.39
Cloguet Carlton 1,265 28 58 17.81
Crookston Polk 888 19 62 14,18
Detroit Lakes Becker 1,364 43 61 17,k
Duluth St, Louis 1,128 68 57 17.11
Fosston Polk 1,289 29 60 14,48
Gonvick (near) Clearwater 1,454 17 lﬁ 14,39
Grand Marasis Cook 606 30 £, 6 14,99
Grend Repids Itasce 1,281 al 60.2 16,22
Hallock Kittson 815 40 60,6 14,05
Itasce State Park Cleerwater 1,500 27 59, U4 16,31
Leech Leke Dam Cass 1,301 oL 60,2 17.27
Mehnomen Mahnomen 1,213 22 1y 14,y
Meadowlands St, Louis 1,259 29 58,9 16,62
Moorheead Clay a0k o] 62,4 15,48
Orr St, Louls 1,309 13 1/ 16,61
Park Repids Hubbard 1,426 49 60,8 16,96
Pigeon River Bridge Cook 950 14 %/ 17.67
Pine River Dem Crow Wing 1,251 Ke 1.4 18,07
Pokegema Falls Itasca 1,280 K2 59,3 16,80
Redby Beltrami 1,1F8 33 61,4 15.27
Red Leke Fells Red Leke 1,001 2 61.9 14,85
Roseau Roseeu 1,040 : 3 60,1 14,12
Sandy Leke Dam Altkin 1,234 ug 60.5 17.36
Tower St. Louis 1,375 22 3/ 19,45
Two Harbors Lake 61 45 57.9 17.k9
Virginia $t. Louis 1, 4h5 45 59,6 18,01
Warroad Rosean 1,069 31 59.9 14,89
Winnibigoshish Itasca 1,315 52 61,1 17,24
SOUTHWESTERN DIVISION
Alexandria Douglas 1,391 o 62,8 16,26
Artichoke Lake Big Stone 1,075 22 6k, 0 15,15
Reardsley Big Stone 1,090 42 bl. b 15,43
Bird Island Renville : 1,039 49 ol, & 16,81
Cempbell Wilkin 975 46 b2, U 15. 40
Canby Yellow Medicine 1,243 21 6643 17,14
Fairmont Martin 1,187 o 65. 7 19,32
Fergus Falls Ctter Tail 1,210 Al 63.9 16.35
Long Prairie Todd 1,299 26 62.5 16,48
Milan Chippewa 9R5 TS 64,3 15,49
Montevideo Chippewa 900 L9 65.2 16,07
Morris Stevens 1,170 53 64,0 16,24
New London Mendiyohi 1,215 us 64,3 16,C8
New Ulm Brown 791 59 66.1 19.04
Pipestone Pipeetone 1,710 39 6k, 8 16,55
Redwood Falls Redwood 1,080 38 66.3 16.23
Tracy Lyon 1,k03 30 66.3 16,03
Wedens Weadena 1,350 21 bl.3 17.6%
Wheaton _ Traversé 1,018 2y oL, 4 13, 74
Willmer Kandiyohi 1,133 32 bk, 1 17.03
Windom Cottonwood 1,356 15 61,k 18,66
Worthingteon Nobles 1,593 L7 6k, 8 18,92
SOUTHEASTERN DIVISION
Albert Lea Freeborn 1,229 ug 65.9 19,92
Brainerd Crow Wing 1,215 34 61,5 17,13
Cembridge Isanti 1,000 12 65,3 1/
Chaske Cerver 726 14 66.% 16,92
Collegeville Stearns 1,242 46 . el,1 15,88
Paribault Rice 1,003 42 65.3 17.80
Farmington Dakote ap2 50 6l, 6 16.81
Fort Ripley Crow Wing 1,136 59 %< 15.39
Grend Mesdow Mower 1,338 _ 53 o5 20,10
Gull Kake Dam Cess 1,215 28 62.1 18.33
Hinckley Pine 1,05u 18 61.7 17, Th
Little Falls Morrison 1,115 29 63.1 16,83
Mankato Blue Earth 173 u 1/ 19.52
Meple Plain Hennepin 1,023 i} 65. 4 18, 83
Milasce Mille Lacs 1,072 36 62.2 17.96
Mirneapolis Hennepin , 832 4g 65, & 17.87
Mora Kansbec 1,001 34 62.5 17.32
Reads Wabasha 681 - g 1/ 19.55
Red Wing Goodhue 680 5L %ﬁ 18.79
Rochester Olmsted 991 : 28 o8 17.62
St. Cloud Sherburne 1,020 62 6,2 18,11
St, Paul Ramsey 703 66 65.6 17.06
St, Peter Nicollet 825 49 66,3 18,62
Taylors Falls Chisago 759 33 b4, 7 19,08
Vaseca Wasece 1,153 24 65.5 20,37
Winnebago Faribeult 1,100 hY 65.9 19,18
Winona Winona 700 46 66.9 19.8L
Zurbrota Goodhue N 43 5.0 g

¢ Growing ceeson duration used is from May 1 to September 30, Date compiled to 1938, inclusive,
Climatic fector not recorded.

urce: Compiled froem Climatological Data, U. S, Weather Bureau

Note
iy
So




Figure - reveals the distribution of rainfall by months for areas within
Minnesota. These are all adjusted to & uniform 35 year period, 1898 te 1932,
except for Orr which is for-13 years of record. It will be seen that everywhere

except at Crr and Grand Merais the maximum precipitation occurs during June.
At those two stations (in that area) maximum rainfsll is delayed until Fuky by
less reapidly risir emperatn for reasons already explained, and hence les
convectional erturning causing summer rainstoomse, and because during that time
by warm prairie air being forced up over a wedge of cool
lyving over the Lake Superior Basin. Note at in eastern stations the reinfall
is generally more uniform during summer months than in northwestern stations,
perhaps due to the influence of the lske and the open Missiscippl Valley to the
edlf.
Study of reliability and recurrence of specific amounts of precipitation
is vitally important to a more secure agriculture and scientific conservation
of water resources in Minnesota. Table - gives the frequencies for selected
stations and brings out significant differences between contrasted sections of
the State. Frequencies of small amowmts of rainfell during the summer months
for the western stations should be noted particularly, and contrasted with
eastern and central stations. It has heen shown that the western boundary of
Minnesota lies ashort distance east (60 to 100 miles) of the line of 10 semisrid
years in 20, and for the most part the eastern boundary is west of thg line of

1 dry vear in 20.1/

L/ Russell, Richard Joel, Dry B8limates of the United States. II Frequency of
drvy and .desert vears, 1901-20, Celif. Univ. Pubs., Geog. 5 : 245-274,

Cyclical Variation Of Climate
F From the material thus far presented it appears obvious that important

deviations within the annual cycle are characteristic and not exceptional and

that these deviations occur from a favorable normal. Most important effects
of climatic variability are those on crops. They affect not only current yields

but also relate to the extent of planting in following years. Were it possible %o

anticipate tqesercllmatlc departures farmers could adjust their cropping plans
accordingly. Some authorities believe that measv rements of




PRECIPITATION DATA OF SELECTED STATIONS

|
Jan, lrob. Mar,| Apr, lq[ June | July | Aug. l Sept, | Oct, Ilov. Dec. H Annual

Crookstomn 1890 to 8, Elevation 838 Feet
Years with less than # inch 28 25 22 5 2 9 0 2 a 11 23 29
Years with # to 1 inch ik 16 10 9 ¥ -3 3 5 9 14 9
Years with 1 to 1% inch z Y 9 10 ¥y N 2 g8 1 z g k
Years with 14 to 2 inches 2 h 13 % 6 5 a 5
Years with 2 to 2% inches (v} 2 3 6 6 10 7 ¢ 8 2 1
Years with 2% to 3 inches 0 0 1 3 g 6  § 3 5 5 1 0
Years with 3 to 4 inches o 0 0 1 9 12 g 12 3 2 0 0
Years with 4 to 6 inches 0 (4] 0 1 9 7 g 5 3 1 0 0
Years with 6 to 8 inches 0 0 0 0 1 3 1 2 1 0 0 o]
Years with 8 to 10 inches 0 0 0 0 i 2 2 0 0 ) 0 0
Years with 10 inches and over 0 0 0 0 0 0 0 0 0 0 0 0
Years with less than 1 inch ) n g 14 5 2 3 7 G 20 7 z&
Years with less than 2 inches k9 W7 37 B . B8N . zz 6 7
Years with less than 3 inches ho 4 k9 B4y 20 25 29 30 k2 T 48
Years of Record b9 49 49 49 49 49 9 N9 Lo 9 k9 N9
Average Precipitation 0.53 0.55 0.81 1.63 2.81 3,35 3,07 2.74% 2.23 1.53 0,72 0,68 20,63

Brainerd 1889 to 1938, Flevation 1,215 Teet,
Years with less than # inch i ¥ 1 1 R 1 1 0 3 10 16 1
Years with 4 to 1 inch 1k g 10 7 2 1 1 2 3 2 9 9
Years with 1 to 1% inch 2 5 &6 6 e | 3 5 6 Y 6 7
Years with 1% to 2 inches 0 1 2 7 B R 6 6 6 4 2
Years vitk 2 to 2} inches 1 o 3 8 6 6 z 1 5 3 1 1
Years with 23 to 3 inches 0 1 2 y W 3 2 7 2 0
Years with 3 to 4 inches 0 0 0 0 ¥ 10 9 6 9 3 2 0
Years with 4 to 6 inches 0 1 0 1 7 6 9 6 3 1 0 4]
Years with 6 to & inches 0 0 0 0 2 5 1 3 0 0 0 0
Years with 8 to 10 inches 0 0 0 0 . A 0 1 o 0 0 0
Years with 10 inches and over 0 o 0 0 0 0 0 0 (4] 0 0 L¢]
Years with less than 1 inch 30 26 21 % h Ed 3 11 19 22
Years with less than 2 inches 32 32 29 21 12 5 B B B 21 29 3
Yeers with less than 3 inches 3 B B 3 3 2 15 13 2 31 32 35
Years of Record z.’i = . " BN B P W 38 34 35
Average Precipitation 0.47 0,86 1,08 1.81 3,30 4,37 3,39 3,59 2,78 2,15 1,14 0,57 25,51

Milan 1894 to 1938 evation Feet
Yeers with less than 4 inch M B B 3 “aEEL'Jo"""""a’"is‘ e g8 13 18
Years with & to 1 inch n 0 7 1 NN 1 2 10 » 17 1»
Years with 1 to 1} inch 9 g 218 5 1 5 y K 8 g 10
Years with 13 to 2 inches 3 3 9 3 8 3 8 9 7 2
Years with 2 to 2% inches 0 0 2 13 5 7 9 E 3 y = 1
Years with 24 to 3 inches 1 2 1 £ g8 4 (3 3 4 2 1
Years with 3 to U inches 1 0 0 2 5 5 5 B 6 2 1 1
Years with 4 to 6 inches 1 0 1 3 9 11 10 £ € 2 1 0
Years with 6 to § inches 0 0 0 1 R . 1 3 1 (o] 0 0 ;
Years with 8 to 10 inches 0 0 0 [¢] 0 2 0 1 4] 0 (] 0
Years with 10 inches and over 0 4] 0 0 4] (4] 0 (¢] 0 0 (4] (o}
Years with less than 1 inch 30 1n 19 i i 3 3 3 11 18 30 30
Years with less than 2 inches 2 43 n 20 16 12 14 lz 23 zj 9 42
Years with less than 3 inches 3 ¥ Wy 39 29 23 29 2 32 1 3 by
Years of Record 5 h§ Vz ¥ b5 u5 l‘5 l"5 b, I5
Average Precipitation 0.89 0.80 1.03 1,9% 2,99 3.78 3.13 3.11 2.4 1.61 0.99 0.8 23,60

" ¥irginia 1894 to 1938, Elevatiom 1,465 Feet.

Years with less than % inch 16 17 ) i 0 5] 1 3 7 g
Years with 4 to 1 inch 15 19 10 9 1 | 0 1 1 6 10 14
Years with 1 to 1% inch g 7 15 9 . o 3 6 L 7 g8 15
Years with 1% to 2 inches 3 1 g8 10 6 & 6 2 a 3 g 3
Years with 2 to 2} inches 1 0 0 h 5 3 5 [} 7 5 1
Years with 24 to 3 inches 1 0 0 y S .7 3 7 5 7 3 3
Years with 3 to 4 inches 1 1 3 3 g8 10 10 10 11 A 3 0
Years with 4 to 6 inches 0 0 0 2 3 1N B n 13 4 0 (¢}
Yeers with 6 to 8 inches 0 0 0 0 3 5 3 2 2 0 0 0
Years with 8 to 10 inches 0 0 0 0 5. .8 3 1 0 0 0 0
Years with 10 inches and over 0 0 0 0 0 [+] 0 1 1 0 4] 0
Years with less than 1 inch 3 36 19 13 3 2 0 1 2 < 17 23
Years with less then 2 inches y2 Wy 2 32 14 7 9 9 9 19 3 n
Years with less than 3 inches By 44y ¥2 ko 25 17 17 20 18 33 1
Years of Record ﬁ B B B B W 'ig B 45 B B B
Averagze Pm”lt‘tl“ 0, 0.69 1,11 1.50 2,80 h.@ 3.8 3. 61 3.71 2.19 1.32 0.95 26. Sh
; ~ Grand Meadow 1866 to 1932, Flevation 1,338 Feet. :
Years with less than 4 inch 12 15 5 1 0 1 0 0 0 3 13 12
Years with # to 1 inch 3 N 9 2 o 1 6 0 'l 5 10 15
Years with 1 to 1% inch 11 11 9 # y 2 '} 5 2 6 i 12
Years with 1% to 2 inches 7 & 1 10 Yy h T 10 y 13 z 10
Years with 2 to 23 inches '} g 8 - a B 13 5 9 (4]
Years with 24 to 3 inches 1 2 8 6 k 5 2 & 7 3 0
Years with z to 4 inches 0 1 : 190 4 1 7 9 2 3 L
Years with 4 to 6 inches 1 0 1 7T 128 12 13 10 1k - 0
Years with 6 to & inches 0 0 0 1 T 1 5 2 7 1 1 o
Years with & to 10 inches 0 0 0 0 5 3 1 2 2 1 o 0
Years with 10 inches and over 0 0 0 0 E S 0 2 (¢] 0 0 0
Years with less than 1 inch 29 32 14 3 o 2 6 0 4 7 23 27
Years with less than 2 inches I 9 34 21 g8 8 11 15 10 26 4o 49
Years with less than 3 inches 52 K2 50 35 20 15 20 30 21 k2 47 49
Years of Record 5 s Y %N Y % e’ 53 53 Y B 9
Ave 2 ") 4 51 3.81 2,38

Note: Data compiled to 1938, inclusive.
- Source: Compiled from Climatological Data, U, S, VWeather Bureau,




moisture content of the soil at seedings time cen be emvloyed as a practicable guide
L= - v &

o : 1
for cropping plans. /

%/ Unpublished memorandum, F.

only variation within the annual cycle from year to year
but also irregular minor cycles of several years and major cycles of many yeers
juratione These assume especial significance in a marginel climate such as
Minnesota's, Figure - graphs precipitation and temperature departures for
Minnesota from 1891 to date, It indicates amnual variations and the tendency
for similar deviations to form aggregates which have a cyclical recurrence,
Variations or cycles appear even more evident in charts in the chapter on
water (pages = to =) whioch were drafted from ten year moving averages for
specific stations and regional composites. The period from 1932 through 193

comprises the years of most severe drought conditions, Note

Q7

precipitation in 1937 and 19238 for nearly all stations.
suffered least in the drouth extending from 1929 through 1936.

£ shifts in climatic conditions could be predicted, adjustments could
made and natural risk involved in agricultural operations would be reduced
materially. Successful development of long-range forecasts was a goal set
President Roosevelt when in 1936 he appointed F. W. Reichelderfer, one of the
Navy's outstanding meteorologists, as chief of the Weather Bureaus. Such fore-
casting promises much not only to linnesote farmers, but power companies, re-
creation interests, commodity traders, government officials, etc.,

nd Number Of Rainy Days

Figure - shows the sky conditions for the years 1821 to 1938 in terms

of percentage of deys clear, partly cloudly, and cloudy for linnesotas The

averace number of clear days totals 150, partly sloudy 106 days, and cloudy




109 ys; or 41% of the ar is clear, 29% partly cloudy, and 30% cloudy.

/

Note the trends in sky conditions and number of rainy days in contrast to

2 jor tenden

~

1ess in winter months aleng with fewer hours

3

obviously results in far less sunshine during that
however, th eri of clear crisp weathe
winters, Clearest weather prevails during the
months of June, July, and Augu and during fall months of September
and QOctober, Reduction of partly cloudy days together with a continuance of
clear days of summer normally attends fall weather of Minnesote Area about
Lake Superior has the smallest percentage of possible sunshine in llinnesota,

ar . o et - T . - . \ ¥
54% compared with 59% at Minneapolis and Moorhead in 1028,

Winds are not pronounced in 1 reraging 8 i per hour at
VMoorhead, 10,8 ¢ ! 20 at Duluth.
large group of
Minnesota« Prevailing wind for th et .5 a whole is northwest,
summer months and early fall when

southerly sector, mainly southwest.,

he number of rainy

om 22
southwest portion of the

Figure = shows the hours of sunrise, sunset, darkness,
twilight at Minneapolis and St. Paul and other locations on

1

approximately the same meridian,




AVERAGE NUMBER OF RAINY DAYS, INCEES OF SNOWFALL, AND PERVAILING DIRECTION OF WIND

l Record Cf { §
gtation | ___Years to 1938 Winter : Soring Summer 1 4 Fall i § B
¢ Rainy Snow Rainy Snow Prevailing Rainy Snow ['Prevailing | Rainy | Preveiling Rainy | Snow | Prevailing | Reiny | Snow 1 Prevailing
J Days Fall Days | TFall Tind Days Fall Wind Days | Wind Days | Fall Wind | Days ; Fall Wind
NORTHERN DIVISION
Ada 1y 3k 18- WLa nw, 18,k 7.8 nw, 25,4 s, 16,1 by nw, 71.1 29, 8 nw,
Ah-gwah-ching 30 30 15,7 ' 203 n. 20,0 8.7 w, 26,2 &, C.05. e b9 w, §3.0  35.9 n,
Angus 36 25 1k, 7 13,7 n. 21.6 B9 n, 2.0 n, 18,1 27 n, g2,k 2h, 2 n
Beundette 28 28 19,3 29,6 nw, 22.4 13.1 nw, 29,5 nw, 25,4 12,5 nw. 96.6 55, 1 nw,
Bemidji 5 o8 1.5, esyy nw, 26,2 12,0 nw, 27.2 se, 19,3 7.7 nw, 80.9  u3,7 nw,
' Crookston RO 27 13.5 20,2 nw. 10.5 2.0 8. 25.9 S, 15.9 58 nw, 4.8 34,2 nw,
Detroit Lakes u2 40 11,6 20,9 nw, 20.2 9.6 nw. 26,3 nw, 16.5 6,7 nw, W7 37.3* e,
Duluth 68 55 29.8%  30,5% nw, 20,9 15.9 ne, 35,4 ne, 30,0 g,0* W, 123,0%  Bh, L ne,
Grend Mareis 2y 21 16, ho, o sw. 20,3 15,4 ne, 2h.9 ne, 23,2 8.7 ne, gl, 8% bl 3% ne,
Halloeck 39 37 1L, 2 16:7 8. 19.0 6.9 n, 29,1 E. s 5.6 £, 79:9 29,2 g,
Interrational Falls 22 17 16,0 29.2 nw, 170 10.5 nw, 27,0 sw, 19,0 g,6 nw, 7%.0 ug, 3 nw,
Leech Lake Dam 51 47 18.5 28.3% nw, 24,5 13,3 nw, 28,7 nw, 22.h 9,0 nw, o4,0 0, 6 V.
Meadowlands 28 26 13.2 27,8 nw, 18.4 12, 1% se, 24,1 £W, 171 7.0 ¥, 72,0 L1, 5% nw.
Moorhesd 58 "l 25,0 21,6 g, 27.8 10,9 n, 30, 4 S, 22,6 1.2 s, 105,8 39.7 &,
Park Repids ug yg 21,6 21.6 nw, 27,3 3.7 nw, 32,5 nw. 25.9 8, 3* nw, 107.3 43, L nw,
Pokegama Falls 51 51 17.9 25, 0* nw, 2h. b 12,7 nw, 295 nw, 22,6 8.6 nw, 94,5 16, x nw,
Redby 33 52 %2 | 22,5 We 13¢5 7.9 w. 19.h We 12,1l 7.6 8, 55:5% 38,k We
Red Lake Falls 23 22 16,9 25,8 nw, 19,0 10,3 . 23,4 nw. 16,7 0,3 nw, 77.0 46,1 nw,
Rosean ( 3Y 23 12,2 18,5 nw, 20,1 9.2 nw, 29. 4 nw, 19,8 7.5 nw, 81, Ul 35,2 nw,
Sandy Leke Dam T 45 16.3* 27.6 nw, 21.9 12,9 nw, 26.6 se, 20.9 Te3 se-w, 85.8 47.8 nw,
Tower 20 19 17.0* 29,8 nw. 22.6 14,9 ¥ 31,6 We 2g,2 1C.8 nw, 99.3% 583 nw,
Two Harbors s Ll 17.6 33, 2% nw, 21,5 13.4 ne, 2g,1 ne, 23,4 5.0 nw, 90,6% B2, L ne,
Vireinis u5 Ik 20, 27,0 v, 22,5 15,5 W, 30,1 sw, 25,2 10.6 nw, 98.5 F2,9 nw,
Winnibigoshich Dem Fl 1 17.9 27.7 nw, 2301 12,4 nw, 29,0 se, 22,6 2.8 aw, 93,2 yg, 2 nw,
SOUTHWESTREN DIVISION
Alexendris Lk ] 121 17.2 nw, -2 6y R | nw, 23,k nw, 16,1 3.9 nw, 12400 32,1 nw,
Besrdsley Lo 37 12,2 18.% nw, 19,7 9,5 nw, 25,3 se, 14,8 L2 nw, .9 | 51,3 nw,
Bird Islend 49 k9 13,.8% 18,3 nw, 2,1 9.2 nw, 23,6 se, 18,3 4, b se, 79,9 32,7 se,
Cenbky 17 17 10,8 14,1 nwe 19,k 12,5 nw, 20,2 £, 18,1 £.0 nw. 68,6 38,3 nw,
Fairmont 52 52 13,9 22.9 nw, 23.8 11,2 nw. 24,1 se, 18.5 5,2 nw, 80,1 39,1 nw,
Fergus Falls 47 47 31.0% 33k nw, I0:4 . IX se, 32,1 se, 26,h 7.0 nw, 119,9¢ 41,5 nw,
Long Preirie 25 25 10.6 15,8 W, 21,8 11,6 se, 24,6 nw, 15.6 2,8 nw, 72,6 21.1% nw,
Lynd 29 29 10,0 21,5 nw, 19,0 10,7 nW. 24,0 sW, 14,0 4,0 nw. 67.0 36,2 nw
Milen y5 45 12,7 23,5 nw, £21.8 . 9.8 se, 25,7 se, 15,6 4,0 nw, 5.7 36,9 nw,
Montevideo 43 Lg 13,0 20,0 nw, 23,1 10,1 se, 25,9 e, 17.8 4.5 se, 79.8 34,8 ‘ se,
Morris 53 53 12,2 19.5 nw, 21,0 10,0 8, 26,5 s, 16,6 4,8 W, 76,4 34,2 nw,
New London 5 s 10,8 16.8 nw. 1T b4 8,3 nw, 21,8 e, 15,8 4,2 nw. 65.9 29,3 nw,
‘New Ulm 45 LS 16 x 25 g nWs 26,1 10,9 S, 28,4 8, 20,8 3,6 nw, 91,8*%  ho,2* By
Pipestone 5 35 2,8 1,2 v, 21,2 6. nw, 25,6 8W, 16,2 2.3 nw, 72,8 22, nw,
Redwood Falls 25 23 4 ux 25,8 nv, 22,2 11,3 nw, 24,3 nw, 17.2 4,1 nw, 78,0 11,8 nw,
Tadens 21 21 14,6 20,5 nw, 17.6 9,3 nw 2y,2 sw, 17.6 67 nw, 72.6 3.3 nw,
Theaton 23 23 p [ 0 IS i 44 nw, 22,3 7.2 W, 26.3 s 17.3 10,0 n, go, b 34,7 n,
¥illmer ' 32 32 12,3 19,6 nw, 20,0 9,2 nw, 22,u s, 15,1 5e3 nw, 69.7 34,1 nw,
Worthington Tl Ll p o B 18,3 nw, 2u,3 9.8 nw, 25,9 se, 170 5T nw, 78.5 31,6 nw,
SOUTHEASTERN DIVISION ]
Collegeville U6 L6 14,3* 21,1 nw, 22,3 9,6 nw, 28,7 nw., 21,8 4,3 nw, 93,1* 35,0 nw,
Farmington ug 50 16,0 25,6 nw, 23,3 13,6 nw, 2), R+ S, 18,8 5eB nw, g2, ¢ LUl 9 nW,
Grand Meadow 52 2 17.2 25,8 nw, 26,3 11.5 nw, 26,1 Ly Wy 22,3% Bl nw, 91,0 b2, 6 nw,
Minnespolis 4g 48 23,3 25,0 nw, 29,8 12,0 . 29,4 s, 25,0 4,6 8, 107.6 n,7 nw,
Mora 35 35 19-5 22,7 nw, 25. 7 10, 7 € 29,6 We 26,5 6.5 nw, 101.3% 39:6 nw,
Pine River Dam 52 52 1.3 23,9 nw, 21,700 10,7 e, 26, nw, 1T 6.9 nw, 81,2 i1,k o,
St, Paul 66 3 25,0  2h,1» nw, 313 1 g2 W, 30,1 se, 25,9 5e 0 se, 112,8% 41,5 nw,
St, Peter 4K bk 13,0 19.¢ nw, 20,8 g,2 n, 27.1 A 15.8 3.1 g, 76.5 31,0 s,
Taylors Falls 31 23 15,2 25,6 n, 21,9 10.1 8. 26,k g, 22,7 3.6 S, 66,2 BRE . S,
Winnebago Ik 43 12,5 20,5 nw, 23,5 8,2 W, 26,8 se, 13.0 3,2 nw, 81,7 32,4 nw,
Winene uz 43 19.2 2l ox We 27,0* 8.8 nw, 27.5% nw, 2L, 2% 4,0 W, 98.1% 37,3 e,

* Partly Interpoleted,
Wote: Date Compiled to 1938, inclusive,
Source: Compiled from Climatclogical Dabe, U, S, Westher Buresau,




Navitation

nH
i

ives the date of opening and closing

navigation at Duluth

=

1938 and for St, Paul the date of ice break-up and ice forme-




FAVIGATION SEASCK AT DULUTH

Local Navigation ' Interlake Navization Local Navigation Interlake Navigation
Tear Ovening Closing Opening Closing Tear Ovening Closing Opening Cloeing
1938 April 12 Dec, 8 Aoril 13 Dec, 7 1904 Mey g *Jen, 11 May 12 Dec, 14
1937 April 14 Dec, 11 April 13 Dec. T 1903 March 26 *Jan, 12 April 11 Dec. 11
1936 April 27 Dee, 12 May 1 Dec, 8 1902 March 12 *Peb, & March 30 Dec, 1%
1435 April 1 Dec. 16 April 19 Dec. 9 1901 April 16 *Feb, 7 April 26 Dec. 16
1934 April 18 Dec, 10 May 1 Dee, 10 1900 April 18 *Feb, Q April 22 Dec, 13
1933 April 16 Dec., © April 20 Dec, 9 1899 April 29 *Jan, 26 April 29 Dec. 19
1932 March 31 Dee, 6 April 21 Deec, h 1898 March 19 Dec, 23 April 10 Dee, 12
1931 Merch 18 Dee, 12 Aprdl o7 Dec. 12 1897 April 1F *Feb, U April 17 Dec. 13
1930 April 9 Dec, 6 April 27 Dee, 6 1896 Amril 12 Dec, 18 April 21 Dec, 11
1929 April 12 Dee, 14 April 15 Deec, 11 1895 April 11 *JTan, 29 April 27 Dec. 12
1928 April 9 Dec. 27 Meay b ! Dee, 12 1804 April 16 Dec, 26 April 18 Dee, 7T
1927 March 30 Dec, 16 April 1L Dee, 1k 1893 May 9 Dec. 10 May 9 Dec, 8
1926 April 20 Dec. 21 Mey 2 Dec. 12 1892 April 20 Dec, 26 April 20 Dec, 5
1925 April 10 Dec, 29 Aoril 1k Deec. 15 1391 April 30 *Feb, 13 April 30 Dec. 7
192} April 10 Deec, 13 April 22 Dee. 16 1890 April 2 *Feb, 2 April 16 Dec. 8
1923 April 22 *Jgn, & May 5 Dec, 11 1889 April 11 *Jan, 12 April 11 Dec, U
1622 April 7  *Jan. 11 April 21 Dec, 13 1888 April 21 *Jan, 17 Mey 11 Dec, M
1921 March 30 *Jan, 22 April 11 Dee, 12 1887 May Y Dec. 29 May Yy Dec, 2
i 1920 April U4 *Jan, 20 April 21 Dee, 13 1886 Vey 6 Dec, 30 May 6 Dec, U4
1919 Merch 23 *Jan, 3 April 11 Dec. 7 1385 April 27 *Jan, 10 May 14 Yov, 29
1918 April 7 *Feb, 5 April 26 Dee, 12 188L May 1 *Jen, 1 Mey 1 Dec. 10
1917 April 30 *Jan, 8 May h Dec, 15 1883 April 9 *Jen, 3 May 9 Dec, 11
1916 April 13 *Jan, 25 Lpril 22 Dec, 18 1882 April 15 Dec, 30 Yey 1F Dec. 3
1915 April 10 *Jan, 25 April 17 Dec, 17 1881 Mey 8 Dec, 16 May 8 Dec, 5
1914 Merch 14 *Jan, 24 April 21 Dee, 11 1880 Mey 1 Dec, 17 May 1 Nov, 1%
1913 April 17 *Feb, 9 April 17 Dec. 1k 1879 April 17 Dec, 12 Mey 2 Dec, 3
1912 April 16 *Tan, 22 April 25 Deec, 15 1878 Merch 23 *Jen, 2 April 8 Dec. 3
1911 Mareh 1 *Jan, 9 April 18 Dee., S 1877 April 25 Dec, 17 May 2 Nov, 30
1910 March 20 *Jan, 3C April 9 Deec. 9 1876 May 2 Dec, 19 May 8 Yov, 26
1909 April 8 *Feb, 1k April 17 Dec, 22 1875 May 12 Dec, 12 May 12 Dec, 2
1908 Aoril 8 *Feb, U April 26 Dec, 10 1874 May 2 Dec, 11 Mey 12 Dec, 2
1907 April 1 *Jan, 27 April 16 Dec. 12 1873 May 10 Dec, 30 May 5 Nov, 18
1906 Aeril 7 *Jan, 20 April 13 Dec, 21 1872 March 9 Nov, 24 Vey 11 Yov, 26
1905 March 30 *Feb, 28 April 8 Dec. 18 1371 Lpril 5 Dee, 6 Moy g Yov, 29

-

Source;y Stetistical Report of Merine Commerce of Duluth, Minnesota end Suvericr, Wisconsin.
* Closinz was in calendsar year following thaet of ocpening,

WAVIGATION SEASON AT ST, PAUL PORT

Year Ice Breal—up Ice Formation Yeer Ice Break-up i Ice Formetion
1938 March 31 November 28 1916 March 18 December 1l
1937 April 12 November 23 1915 February 22 December 27
1936 April 3 November 23 1914 March 9 December 13
1935 March e November 22 1913 March 10 December 20
193ﬁ March 2 December 7 1912 March 22 -~
1933 February 23 - 1911 Mareh 3 November 12
1932 March 15 December 7 1910 March T November 28
1931 Jenuary 21 - 1909 March 15 December 6
1930 January 2l November 28 1908 March 15 December 2
1829 March 3 December 1 1907 March e2 December 11
1928 February 2 - 1906 April 1 December 7
192 TebFunry December 8 1908 March 6 Woverber 29
182 Februery 15 November 10 190k Merch 27 Sacsctiar
1925 Jenuary 27 December 26 1903 March 1Y December 10
1924 February 15 December 19 1902 March 9 Decenber K
1923 March 20 o 1901 March 24 December U
1922 March Y December 11 1900 April 1 December 25%
1921 January 22 December 21 1899 April 7 December 13
1920 March 14 December 18 189¢ Mareh 7 November 23
1919 March 10 December 2 1897 Merch 19 November 282
1918 Merch 3 - 1896 ‘March 9 November 28
1917 March 22 December 5 1895 .. March 2 November 28

Source;y Annual Report of Chief Engineer, U, S, Army, part 2, 1939,
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State Public Domain
the State became the owner of 16,820,750 acres (Figure-).
placed few restrictions on the administration of these, except to
devoted. Almost half, or 8,315
received for that purpose, was conveyed to
deeded 2,858,583 acres tc¢ railroa
swamp land gran The Cannon River lManufacturers
from the swamp land grant (24,190 acres
4,683 acres) and the County Commissioners of McLeod County
77 acres in Minnesota, if the
1,882,333 acres of lands no isposed of to railroads and others a
46,080 acres are included, a greater area than received by most
improvements aggregated 5,492 acres,

money received from

compenies.

M & af +h an A htasned 1 It £ $+hea anA  opar ha hean A
Most of the land tained b rtue ( he several land grants has been sold

otherwise 038 acres remain
under the Jjurisdiction of the State Department of Conse ion and 5,751 acres

under control of the regents of the University of Minnesota, l/

l/ In 1873 the 46, 59 3, f* sa. spring lands were transferred to the control

sold in such manner as they might direct.

of the University of I 1 to be

Figure - illustrates the disposition of the state public domain. Revenue derived
from the sale of trust fund lands is placed in a permanent trust fund, the

srincipal of which must be held intact, but income frem investments is used for

public shcools he ] ity, state teachers colleges, and charitable and correc—

tional institutions.




Present Land Ownership and Use

Present ownership status of land in Minnesota, by counties, is set out in
table-es far as is practicable from available records. Almost a fifth, 18.2
percent, of the area of the State is held in public ownership, the remainder being
the property of individuals and corporations., The State owns 5,500,949 acres, or

58,7 percent of the publicly owned leand. 1/ The Federal Government owns 3,869,145

1/ At the time of this writing efforts are being made to turn a 978 acre tract of

sand dune land in Sherburne County into a state forest.

acres, or 41,3 percent. These lands, for the most part, are of low agricultural
grade. They are located principally in northern cut-over counties, 72.1 percent
of the acreage being in ten counties: St. Louis, Koochiching, Beltrami, Lzke,
Roseau, Cook, Aitkin, Cass, Itasca, and Lake of the Woods,

Of the federal lands, national forests account for 61.9 percent, Indian reser-

vations 21.5 percent, Farm Credit Administration lands 8.9 percent 2/, Biological

2/ It is worthy of note that although the 343,758 acres of ferm lands owned out—
right or subject to redemption by the Federal Land Bank of St. Paul and the Federal
Farm Mortgage Corporation in Minnesota are classified with the federaslly owned lands,
they distinctly differ in that they are subject to real estate taxes in the same
way as private lands, Furthermore, the Federel Lend Bank is owned jointly by the
United States government and by local national farm loan associations.

Survey lands 3.0 percent, conservation areas 2.€ percent, and the combined acreage

of unappropriated and unreserved lends, recreational areas and militery reserva-

tions 2.1 percent. Of the state-owned land, 50.1 percent is trust fund acreage.
About 17.6 percent represents road and highweys, 12.2 percent water and flood
control lands and reforestation areas, 9.1 percent game refuges and public hunting
grounds, 2.C percent acquired state forest lands 1/, 0.8 percent state parks, 0.4

percent stete institutions, and 7.8 percent miscellaneous state lands. (Table)




LATE CLASCIFICATION AYD LAT ounmnasiP 1IN MIMESOTA

feres of m%@m
411 Fems Lands 5/ A !
Land : fetantod
County Lraa Cropland Flowable Soodland | ALY GRher tm:lmi-
rasture farm ;

, Jlerosl] lerosy | o icrony | :Exﬁ :
itxin 1,107,360 53,895 26,500 85,806 8,082 435,955
Anoke: 272,000 100,357 21,907 58,487 1,565 38,920
"egter 861,500 255,441 55,399 86,609 3,136 254 325
“oltrand 1,810,590 92,025 15,856 158,970 2,496 449,765
“anton 200,5 161,065 5,329 28,486 ,592 3,087
Pg Stons 886,400 233,990 85,553 2,560 1,106 1,519*
Slue Tarth 479,800 585,585 33,852 22,615 2,966 3,700%
nrown 502,520 275,428 28,256 9,495 2,081 3,420
cerlton £60,400 20,560 16,540 42,212 2,477 269,000
Carver 289,13 129,541 17,818 27,78 1,933 1,559
cnos 1,515,9%0 101,595 9,635 112,395 2,481 316,665 oo 449,508
Chd ppeva 372,400 92,151 26,519 4,088  1,9m1 55,947 1,561 1,120 2,480
hisego 268,160 112,080 W66 45,415 2,010 296 , 260 708 21,50
Clay 672,000 478,158 80,644 15,651 2,086 504,300 BABS 2,600 44,185
Claaruater 643,200 91,091 9,573 85,746 1,759 260,500 6a1 182,164
Cook 897,990 2,577 557 7,086 150 13,232 - 180,358
Cottomood 409,600 306,069 1,997 3,902 1,98 399,836 938 1,057  3.863°
Orow Fing 639,360 27,392 18,185 77,288 2,010 28,787 6,915 5,017 5,860 548,615
Dekote 365,440 223,121 39,202 17,868 2,254 338,476 2,495 7,778 5,59
Dodee 279,400 196,367 47,011 6,077 1,762 269,256 715 413%
Douglas 807,680 202,006 2,158 27,408  B,607 381,329 1,888 1,68 6,554
Peribault 456,320 551,998 43,742 10,062 2,458 446,891 1,006 82 4,008
F1llsore 549,760 297,881 75,004 59,729 3,001 516,475 1,5 11,075
Freeborse 449,250 200,790 56,755 18,680 2,906 459,104 1,912 1,312  2,606°
Goblhas 485,120 277,316 95,317 29,961 8,053 458,495 2,507 4,627 =7
Grent 356,600 250,639 25,209 4,670 1,58 325,021 1,728 10,856
rennepin 361,600 147,986 36,601 16,606 4,028 247,990 8,548 65,000 96,453
Thabberd 596,450 74,126 31,551 57,088 1,400 192,680 1,008 1,280 301,888
Isanti 252,880 188,900 2,547 51,413 1,998 221 844 553 25,085
Itasea 1,708,380 66,655 15,084 195,378 2,058 262,581 11,955 2,561 1,000 043,388
Teckson 845,720 391,387 39,046 4,077 2,255 438,361 1,018 640 4,789
Ynacbee 336,000 %276 9,561 83,486 1,72 166,408 307 114,400

527,500 383,800 89,691 5,00 2,569 35,069 1,697 1,720 84,300

Eittoon 715,560 361,713 30,358 2,082 1,689 507,341 1,492 148,052
Xooshiching 2,002,060 49,007 10,28 74,505 1,196 191,240 1,999 1,006 848,690
Ise qui Parls 494,920  S71,905 24,500 35,966 2,064 466,951 810 8,566°
Lake 1,960,680 . 6,346 2,672 15,257 402 26,136 208 5,413 2,000 512,009
Lake OFf Woods 039,130 52,734 8,718 20,567 1,008 152,079 pov 385, 138
- 22,00 167,539 25,455 13,544 3,082 275,638 1,397 255
1ineoln 545,600 = 946,985 30,620 2,008 1,080 309,676 886 8,648
Lyon 456,520 241,969 26,386 3,219 1,986 436,501 2,057 1,000 44666
yieLeod 312,720 211,497 £6,601 15,478 2,470 305,607 1,350 1,460 3,507
 ehnosen 367,260 99 15,560 21,588 061 35,66 369 5
r——t 1,152,000 m:c}ﬁ 62,806 76,138 5,817 ﬁ:gg 2,390 ?2}?&%
. 452,480 544,164 47,750 8,398 2,490 448,651 1,906 1,535  10,355°
Veakor 396,000 252,856 26,644 15,695 2,448 364,366 81T 1,080 11,088
Lorrison 727,000 298,245 27,559 61,019 3,598 459,109 1B55 1,800 185,458
Nouer 449,080 896,977 96,901 7,085 2,813 437,614 2,172 B2.000  4.504*
txrrey 453,120 231,909 38,357 3,908 2,045 436,181 08 3,504
meollet 203,760 106,506 17,297 ﬂﬁ*s 1,475 aw:gc B 1,062 15,98
Hobles 455,600 348,371 40,954 1,901 2,158 447,071 1,481 1,182 - 6,278
Borsen 560,400 590,007 45,703 2,50 1,950 521,766 1,00 15,434
\- llﬁ%a":«}n 41:‘ ’E{K} m:‘ .?3?: '5";'1 ,9’31 % .431 2'&)1 394 '3&&1 1|m 1'654 4 ’911
otter Dail 1,090,000 650,806 93,14 136,715 6,098 1,151,566 5,813 4,901 92,614
Penmincton 308,000 190,156 20,951 40,108 1,397 329,949 696 1,300 36,908
Iine 903,880 156,065 57,561 86,581 5,016 386,036 2,567 457,048
ipeatons 296,960 214,598 35,601 831 1,281 234,507 1,600 980 1,800
Tolk 1,287,680  79%,850 88,066 57,087 4,210 1,101,238 4,068 3,185 112,184
Tope 435,540 270,510 37,456 8,093 1,800 378,046 1,815 1,608 20,943
Sensey 102,400 22,639 8,080 3,256 a4 42,959 3,198 36,088 15,967
Rod Leke 276,400 150,498 19,478 17,569 956 243, 285 ars 15,857
0dwood 599,360 430,880 47,300 6,565 2,502 542,140 1,855 1,880 100"
fenville 627,200 471,068 49,086 12,560 5,087 806,289 1,195 908
“4oe 316,800 184,293 25,006 15,609 2,518 300 074 1,492 7,080 3,700
“oek 510,400 285,340 17,767 667 1,548 299,330 1,219 1,197 227
000eu 1,072,640 298,379 36,061 106,756 2,209 563,194 1,128 62,567
Ste louls 4,019,080 157,783 49,106 199,214 7,517 572,750 30,865 15,264 65,008 2,004,554
Soott 20 097 15,094 5 1.6 209,07 6,572
e SR g::}m ﬁ:&w 16,445 gﬁ:g 1:33 ms:g:: o o w%fsga
Sibley 371,260 269,091 5%, 597 10,408 2,266 366, 661 530 5,306
Ftearns 807,040 490,448 50,566 50,080 4,083 808 301 3,388 2,850 21,625
Steels W00 1 35,5 5,07 1,98 356,991 988 5,05 o500
Stovens s 36,556 2,85 1,308 347,219 036 1,58  3.697°
Sukft 498,080 347,091 &0 268 $,529 1,886 g&ﬁé 1,480 e 11:3:3:
Y S 3 o0 3.7 ‘ 30 &4 i 2.0
~adene 343,000 113,706 15,585 44,079 1,551 258,108 1,068 2,560 72,325
aseca 205,600 180,012 27,088 8,435 1,688 263,261 793 1,865  6,871°
Leshington 209,600 133,465 25,170 25,689 1,982 215,258 2,003 2,088 - 18,361
Alutn S eE mam e = = YEs 1am v
dd ARl ¥ 9 . e ! ol 2 et s
Srpe— 308,780 175,881 50,747 65,071 1,957 365,519 1,480 5,082  1.580°
ri{tt ‘i)ﬁ ,4430 3‘253 '?16 m ,’3*3’? 31,‘?{3& ::‘ ,?Q:.: 3% Qm 1.m g ‘w
Tollow iediotne 400,130 365,57 39,153 85,661 2,199 463,356 972 380
Othor 5,751°
31 zmesota 51,205,760 20,108,203 5,040,921 2,951,800 190,964 51,804,514

49,006 158,015 065,406 9,506,085

Note: Acreages shown for the various ownership groups are not all camparable as to time (See the footnote for sach).

y Approximate land area reported by the Us. S. Census Bureau after remeasurement for the 1940 census. &/ Acreage desig-
nated under "all farm land"™ includes all lend in farms (publicly owned es well as privete) as determined by the U, S,
Census of Agriculture of April 1, 1940 (approximete ecreage privately owned is given in enother eolumn). 3/ Includes
acreages classed as cropland hervested, erop failure, and cropland lying idle or in summer fallow in sccordance with the

use made of the land in 1939,

Land used only for pasture in 1939 which could have been used for crops without ad-

ditional clearing, draining or irrigating. 5/ All farm wood lots or timber tracts, natursl or planted, end cut-over land
with young growth, which has or will have velue as 700d or timber. 6/ Includes pasture land cther than plowable and wood-
land pasture, ell wasteland, house yerds, bern yards, feed lots, lanes, rosds, etc. 7/ The approximate acreage in private=-
ly owned farms differs from the acresge in all farms as given by the U. S, Census, The acreage is obtained by dedueting the
acreage held by the Rural Credit Administration as of June 30, 1940 (included under miscellaneous state lands) and the Farm
Credit Administration as of December 31, 1940 from all lend in farms. The comperatively small aggregate farm acreage held
in connection with various types of govermnmental institutions and other public sgencies should also be deducted, but the
data is not available. 8/ Compiled from the Minnesota Mining Directory, 1940, For Crow Wing County in 1939 the metal-
liferous mining claims include 1447 acres active, 5,080 acres inactive, and 389 acres exhausted; in Itasca County 5,121
acres active, 6,512 acres inactive, and 320 acres exhausted; in Leke County 202 acres insctive; and in St. Louis County
5,612 active, 19,893 acres insctive, and 4,760 exhausted, _?/ Determined from Reilroad and Warehouse Commission records -
valuation meps, station plats, Interstate Camerce Commission Order no, 7, and Comnmission ledgers or reports - as of June
50, 1940, 10/ mstimated in response to questionaires sent to muniecipalities of 2,500 or more population (Census definition
of urban area)s In the few instances where no reply was received planimeter readings were used, Includes mainly
private timber holdings (8,227,500 acres, exeluding farm woodlots, were reported in July 1937) and land in rural communities
(under 2,500 population). In addition, the lands shown here include, in most counties, small acresges, mostly private, not
otherwise accounted for, Owing to ineccuracies in surveys and errors from other sources, the combined areas of patented

(classified) anmd non-patented lands (state and federal), in counties indicated thus (*), exceeds the total area, Acreages
indicated for those counties must be deducted to reach the total shown for this column.
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LAND OWNERSHIP AND CLASSIFICATION IN MINNESOTA - Continued

Federal Owned Lands

Unappro= Farm
County National Indian Bioclogical Militery Recre~ | priated Credit Conservw= Total
Forest | Reservations Survey Reservations | ational | and Un- Adminis- ation Government
Lands and Lands Lands Areas reserved | tration Areas Owned Lands
Acresel/ Acressl/ Agresas/ Aoresss/ | Acresih/ | Acresco/ | Aeres Acrese?/

Aitkin - - 11,152 2,520 w2 630 1,686 - 16,038
Anoka - - - - - - 8,190 - 8,190
Becker - 23,936 23,429 - - - 8,740 - 56,105
Beltrami 132,822 299,705 - 6 - 3,502 556 4,148 440,739
Benton - - - - - - 8,460 - 8,460,
Big Stone - - - - - 17,460 - 17,460
Blue Harth - - - - - - 347 - 547
Brown - - B - - - 472 - 472
Cerlton - 15,985 - - - - 1,908 - 17,890
Carver -~ - -~ - - - 649 - 649,
Cass 300,077 60,705 - 362 - 630 2,743 - 364,567
Chippewa - - - - - - 2,502 - 2,502
Chisago - ~ - 3 - - 7,676 - 7,679
Clay - ~ - - - - 4,939 - 4,959
Clearwater - 124,380 - - - 160 2,476 - 127,018 ¥
Cook 526,299 38,113 - - - - 239 - 564 ,651"
Cottomrood - - 240 - - - - - 240
Crow Ying - - - 1,668 - - 1,814 - 3,482
Dakota - - - 813 - - 4,216 - 5,029
Dodge - - - - - - 1,062 - 1,063
Douglss - ; - = - - - 2,680 - 2,650
Faribault - 4 - - - - - 155 - 155
Fillmore - - - - - - 6,394 - 6,394
Freeborn - - - - - - 693 - 695".: ,
Goodhue - 507 - 4,652 - - 1,538 ~ 6,697
GCrant - - - - - ~ 4,159 - 4,159
Hennepin - - - 2,173 - - 2,251 - 4,424
Houston - - 12,902 1,508 - - 2,569 - 156,979
Hubbard - - - 63 - - 5,212 - 5,270
Isanti - - - - - - 15,071 - 15,071
Itasca 130,426 9,560 - 264 - 2,000 510 - 142,760
Jackson - - e - - - - - -
Kenabec T - - - - - 5,266 - 5,266
Kandiyohi - - - - - 40 13,99 " 14,035
Kittson - - ~ - - - - - -
Eoochiching 932 84,192 - - ~ 17,397 480 19,572 122,573
lac qui Parle - - - - - - 7,495 - 74495
Leke 646,651 - - - - - - - 645,651
Lake Of Woods - 95,509 - - - - - 48,507 144,016
Le Sueur - - e - - - 505 - 305
Lincoln - - - - - - 11,685 - 11,685
Lyon - - - - - - 2,419 - 2,419
Meleod - - - - - - 625 - 625
Mahnomen - 48,693 - - - - 1,828 - 50,521
Marshall - - 60,216 - - - 2,997 - 63,213 .
Martin - - - - - - - - -
Meeker - - - - - - 7,597 - 7,597
¥ille Lacs - 2,080 - - - - 3,393 - 5,473
Morrison - - - - - - 4,619 - 4,619
Mower - - - - - - 1,560 - 1,580
Murray - - - - - - 527 - 527
Micollet - - - - - - - - -
liobles = - - - - - 253 - 253
Norman - - - - - - 2,762 - 2,762
Olusted - - - - - - 4,608 ~ 4,658
Otter Teil - - - - - - 11,050 - 11,050
Pennington - - - - - -~ 960 -~ 960
Pine - - - - 27,116 240 10,289 - 37,645
Pipestons - 1,035 - - 116 - 1,916 - 5,057
Polk - - - - - - 4,485 - 4,485
Pope - - - - - - 17,064 B 17,064
Ramsey - - - - - - 60 - 80
Red Lake - - - - o - 480 - 480
Redwood - - - - - - 160 - 160
Tltenville - - - - - - 1,880 - 1,880
e L pe o - - - 1,569 - 1,569
Powrd & 4 o - - - 877 - 877
Roseau - - - - - - 160 28,750 28,910
ot. Louis 658,095 24,920 - - - 6,461 825 & 690,301
Scott - - - - - 1,237 - 1,287
Sherburne - - - 9 - - 6,508 - 517
Sibvley - - - - - - 80 _ " 80
Stearns - = - 2 - - 8,549 =
Steels - - - - & “ 320 x 8 ’gg(])'
Stevens - - - - - - 6,704 i~ 6,734
Swift - - - - - - 11,029 - 11,029
Toad - - - - - - 16,125 - 16 .
Traverse - - - - - - 7,681 - ' 3 :éa
Wabashs - 160 1,025 4,910 - - 4,781 -~ 10,876
l/adena - - - ~ - - 4,393 - 4,393
Vasece - - - - - - - - -
lashington - - - 580 - - 3,569 - 4,149
WVatonwan - - - - - - - - -
Wilkcin - ~- - - - - 13,875 - 13,875
Winona - - 8,836 4,083 - - 3,511 - 15,830
Wright - - - - - - 8,387 -~ 8,387
Yellow Medicine - 1,420 - - - - 5,807 - 7,227
Othery - - - - - - - - -
Minnesota 2,394,302 830,900 117,200 23,616 27,232 31,160 343,758 100,977 3,869,145

20/ Ineludes screage in Supsrior lstionel Forest and purchase units (1,8:
565,325 scres) as campiled by U, S, Forest Service in liny 1940,
within Chippewa lNetional Foreste 21/

) 977 soros) end Chippewe National Forest
Federal land ineludes 70,008 of Indisn ellotments
Inclindes tribal lands, trust ellotments, lends recently purchased for the denefit

of Indiens, lands ceded back from the Public Damain, and lands ip individual ocunership supervised or sdministered by the
Indion Service, as reported dy the U. 5. Indian Service as of September 1936, £/ Feported bLy U. S« Fish and @ilalife

Service eas of December 30, 1940,
eludes 27,116 scres in the 5%. Cro
by the Matiomal Perk Service as of June 30, 1940,

8'\5/ Reported by Us 5. Zoginsers Cffice, 5t. Faul, Mnnesote as of July 1900,

2/ In=

Foderal Recrontional /rea and 116 cores im Pipestons National Fonuments as reported
25/ land in public domain reported by the Genoral land Office,

_{.’&/ Acroage in farme owned outright or subjeet to redemption by the Federal lIamd
Bank of Ste foul end the Federal arm Mortgage Corporation a8 reported on December 31, 1940,
mmber of ferms for which the your of redemption hes not yot sxpired.

Dats includes a certaln

g7/ Includes screnge in Deltremi and Pine Island

Develorsent Frojecta cuned by the foderal government end leessed $0 the !danssota Otate Depertuent of Conservation for a
poriod of 50 years.




LAND CLASSIFICATION AND LAND OWNERSHIP IN MINNESOTA - Continued

State Owned Lands
Trust Fund Landsls/ | Aoquired Water and y
Tor= Lands for| Came and | Flood Control | State Roads State lisc,
County Unsold feited State | Fish lands| and Reforest-| Parks and Institution| State | All State
Or Reverted | Forests .| ation lands | Highway | Lands |Owned Lands
Acres Acres Acresly) | horesld/ | Acresilo/ Aeresld/ [ Acresi’, AcresiB/ [Aeresld  Acres
Aitkin 10,579 127,393 - - 258,460 - 9,126 - 15,348 420,906
Anoka - 667 - 9,349 - - 6,513 733 5,006 22,268
Becker 6,013 14,142 1,450 132 - 2,708 17,774 - 21,242 63,462
Beltrami 22,068 41,885 - 316,740 - 206 16,418 - 9, gi‘._b 403, ggz
Benton - 320 - - - - 7,142 - 56 ’
Big Stone - 656 - - 6,024 40 8,257 - 1,99 16,971
Blue Earth - 80 - - - 110 12.§§2 - ;ﬁg E.ggg
Brown - - - - - 878 8,6 . ’
Carlton 3,295 17,759 - - - 3,375 8,296 4,907 3 ,Zgg 4; ,fg';
- - - - 7 ﬁs - »
Carver - - 3
Cass 84 ,566 59,415 956 - - - 17,238 és1 17,523 180,577
Chippewa - 5 - 2 4,550 12 9,228 - 2,253 16,050
chisar.—o - - - (.)lb - 154 ) .721 - 6 .138 13 ’9296
& \ R - 3 50&
Clay - 3,722 - - - 280 6,640 11,864 22,
Clearwater 11,020 14,808 1,802 4,440 - 24,171 9,792 - 6,795 72,8238
cook 131,446 412 3,003 - - - :3.;:'8? . » 1 .gﬁ 153 ’ iZZ
Cottomwood - - - 1,600 - - Sy 0w s *
Crow Wing 3,419 17,7¢9 - 85 - - 9,160 o 6,851 37,2%
Dekota 151 281 ot = . - 9,638 749 1,507 12,326
Douglas 120 119 - - - 404 8,035 - 5,176 15,854
Houston - B8e4 - - - 325 6,895 - ' !
Hubbard 7,626 27,790 33,795 - - 4,937 10,305 - 10,402 ‘i?g ,ggﬁ
Isanti 80 564 - - - - 6,717 359 8,832 19552
Itasca 207 ,337 95,180 9,014 - - 2,121 22,466 454 4,040 340,612
Jackson - - - - - - 1l,484 - 4 il »490
Kandiyohi - 795 - 679 - 379 12,384 706 2,516 17,459
Eittson 5,327 36 ,396 - - - 712 is. 1. - 6,243 61,876
Koochiching 775,418 69,345 160 - - ~ 10,673 - 1,498 857,094,
Lac qui Parle - 39 - - 8,336 284 12,478 - 4,893 26,030
Lake 157,678 1,774 540 - - 638 4,135 - 234 . 174,999
Lake Of Woods - - 4 145,285 - - 8,918 - 1,195 15: ,43:]2.
Le Sueur 80 - - 124 - - 7,287 - - 449
Linecoln - 200 - - . - 8,556 - 5,755, 14,5811
Lyon - - - - - 470 5,680 - 2,457 8,607
MeLeod - - - - - - 7,987 - 144 8,131
lMahnomen 3,461 1,206 2,130 1 22,380 . 285 5,117 - 10,333 49,648
Mershall 2,640 - 42,520 - 5,772 131,897 - 26,335 - 54,258 . 253,707
Martin - - - - - - 11,063 - 80 11,143
lieeker - - - - - - 9,351 - 1,935 11,286
¥ille Lacs 40 11,464 - - o 130 9,130 - 2,757 23,5621
Morrison 56 7,684 - - - 110 17,561 - 8,804 34,709
Mower - 10 - - - 50 l?_ ’ iﬁ - g 1li ,218
Murray - - - 91 - 85 11, e ; ¥222,,
Mecollet - - - - - 216 6,019 865 - 7,100
Sinete A - - . 108 10469 1,960 67  1.608
Olmtod - - - o - '4 .3” 2.
Otter Tail 91 3,800 - - - 82 33,677 1,076 17,330 56,266 v
r 2 é
Pennington 120 4,698 - - - - 9,422 - 18,229 32,469
Pine - 27,650 - - - 1 17,236 - 14,707 59,594
Polk 80 12,347 - - - - 23,151 916 25,498 61,992
Pope 160 719 - 203 - - 10,263 - 5,719 17,064
Ramsey - - - 77 - - 3,015 — 947 148 4,187
Red Leke - 4,750 - - - 6 6,304 - 6,927 17,987
Hedwood - 480 - - - 185 13,137 - 234 14,036
Renville - 286 - - - 85 15,387 - 1,120 16,878
Rice - 40 - - - 8,720 1,622 28 10,410
Roek - - - - 196 7,88 - 4 8,024
Roseau 29,456 112,030 - - 239,200 - 18,857 - 17,373 416,916
8%, Louis 395,512 97,179 54,371 - - -~ 51,319 - 1,927 598,308
Seott 40 - - - - - 5,239 167 1,716 7,162
Sherburne 338 1,539 - - - - 6,498 - 7,088 15,473
Sibley - 120 - - - - 9,024 - 681 9,828
Steele - - - - - 180 6,249 329 445 7,203
3tevens - 120 - - - 364 8,515 824 2 515 12,338
Swift 80 201 - - 2,314 199 9 :'?51 - 8 :260 20,805
Todd 1,081 35,9086 - - - - 14,661 - 8,495 28,113
Traverse - 240 - - - 1 8,871 - 1,669 i, 981
Wabasha - 10 - - - - 7,452 - 4,326 . 11,788
Wadena 40 7,087 - - - - 6,746 - 10,760 = 24,573
aseca - 80 - - - - 6,318 597 160 7 4166
Washington - - - - - - 8,475 1,000 4,208 15,685
Watonwan - 150 - 133 - - 6,604 - 264 7,151
Wilkin - 3,924 - - - ; - 12,892 - 2,145 18,961
'\‘{1nona 244 1,021 B - - 1,065 8,111 - 2,190 12,621
Wright - 60 - - - - 15,104 - 1405 .\ 36 .8%%
Yellow Medicine - - - 2,394 - 1 12,629 - 2,399 17,423
Other - - -~ - - - - - 5,751 5,751
Minnesota 1,871,656 886,890 .107,275 498,064 673,283 45,866 967,621 20,989 429,305 $,500,949

yy Acreage of Trust Fund Isnds es of June 30, 1940, Coampiled from Diennial Statistieal Neport, Depertment of Conserve
ation, June 30, 1940 and supplementary date from Division of Lands and Mnerals, 13/ sequired land only a8 reported by
the Division of State Forests a8 of Jamuary 1, 1940. 14/ Ineludes ecres owned by Utate in game refuges, publie hunting
grounis, geme farms (Hadelia 173 eeros, Cerlos Avery screage inclnded in geme refuge), rermanent end ssasonsl hatcheries,
and fish reering pounds as reportod by Division of Ceme and Fish end e compiled from State iuditor's records. 15/ Ine
elndes acros ounod by State (S.l.f.A.) in Ine qui Ferle and Vhotztone water coantrol projects sdministered by Division of
Drainege and TUaters as reported in report om Iac qui Farle by Division of Dralnsge and lVaters, June 20, 19403 and ecres

in flood control and reforestation arces as authorized by verious county diteh bond relief acts {Chap, 407, Laws of 10313
Chape 312, Laws of 1937; Chap. 402, Lews of 1933) and roported by Vivision of Lands end Maorsls os of June 3, 1940,

16/ Includes meromge in state parks, stete memorial parks, state recrestional reserves, stote weysides, snd state nonuments
85 reported by Division of State Parks om June 350, 1940. 17/ Includes sotimated acreege in trunk bigiways (127,447 acres),
state 2id roads (115,605 scres), township eld roeds (530,381 ecres), end ccusty ald roeds {152,157 acres) as roported by
State liglwey Department on December 1, 1530, % Inclutes 10,331 scres in state institutions, 25 seres in State Capital
and Mistoricel Library grounds, 253 eores in 5 Feir Grounds, 133 acres in University of Minnosote grounds, G649 sores

in University Femm, and 6,506 acres in University izpericentel Stetions as of June 30, 1940, 19/ Includes 412,500 aceres
in farms held by the Departoent of Hurel Crodit (reel esteto and sheriff's certificetes) as of Locember 31, 1940, and
4,004 ecres of material lends held by the State Higlwey Department and 0,751 scres (undistributed by counties) of the
original selt spring lend gront controllod by the ropents of the Univoreity of Minnesota as of June 30, 1040,




LAD CLAGSIFICATION AND LAND OWNZSSIOP IN MINNESOTA

Aeres of Privetely Owned lands
All Ferm lands Approximets | lietel-
Land Parm land | iferous |Railroad Fatented
County Aroa Cropland Plowable Woolland | A1l Other | Privately Mning | Right~ |Urban| Unelassi-
rasture Farm Lends Qwned Claims | of: Area fied
S AR Marsal/ | lereal] | iscealf| hevest/|Zerss)
Adtkin 1,157,360 95,885 26,506 56,276 2,642 291,710 2,781 435,925
Anoke 272,000 100,857 21,707 32,487 1,565 198,074 695 3,658 38,920
Backer 841,600 255,441 53,599 86,699 3,156 494,154 1,4?6 1,00 225 ,2?3
Deltrani 1,610,580 92,025 135,256 158,973 2,496 306,221 l,ggg ;'). .Zgi %g .ggt';
Senton 258,560 141,065 64329 22,426 1,592 23€,294 = +0
Big Stons 326,400 25,990 86,553 2,860 1,104 292,894 1,194 ;.um:
Blue Sarth 473,600 335,386 38,852 28,615 23,966 457,603 2,116 4,320 3,708
Brown 392,320 275,422 88,236 9,495 2,021 371,527 1,241 5,045 3 ,-;%
Ceprlton 550,400 70,840 16,548 42,213 2,477 azig ,2;{_33 i .?2'; 2,120 262 .\;g(;
cm ﬁg m mg “1 17.816 37,743 1.%3 ? ] £ E ] <
cose 1,515,920 101,595 9,635 112,395 2,481 . 316,665 2,883 449,228
Chippewa 378,480 282,131 26,919 4,083 1,711 365,947 1,341 1,120 2,480%
Chisego 268,160 112,080 20,466 45,415 2,011 224,260 708 21,504
Clay 672,000 478,158 60,644 16,631 2,024 594 ,308 3,462 2,660 124 ,ﬁ
Cleaxrwater 643,200 91,091 9,273 85,746 1,759 260,509 681 2,
Cook 897:920 2:5'77 857 7,086 150 13,238 - 180,358
Cottomiood 409,600 306,069 31,997 3,702 1,935 399,856 938 1,037 3,643%
Crow ¥ing 639,360 77,592 18,185 z?,aae 2,010 3224, :22 6,916 :,2;; g,m 54.: .gslg
Dakota 365,440 223,121 38,202 7 . 268 2,54 2, » ’ .
Dodpe 278,400 176,367 47,011 6,077 1,72 269,256 715 413*
Douglas 407,680 232,056 28,155 27,414 2,657 381,329 1,262 1,661 6,934
Faribault 456,520 581,998 48,742 10,062 2,458 446,891 1,598 820 4,804*
Fillnore 549,750 237,881 3 4004 57,729 3,001 516,473 1,223 11,075
Freeborne 449,250 239,730 54,753 12,489 2,906 437,184 1,912 1,312 2,686*
Goedhue 485,120 277,316 53,31 29,9% e,;sig ;:;,ggl; ;z.:;g 4,627 = g’;‘
Grent 556,430 250,639 28,203 4,6 1, " ¢
Fennepin 361:600 147,968 36,681 18,564 4,022 247,990 4,948 65,000 26,453
Houston 361,600 120,468 31,449 93,355 1,800 328,640 1,282 6,020
Hubbard 596,480 74,186 31,351 57,928 1,400 192,600 1,108 1,280 301,268
Isenti 282,880 124,900 21,347 351,411 1,938 221,844 598 29,085
Itasca 1,704,320 64,655 15,654 125,378 2,955 262,281 11,953 2,361 1,000 943,383
rton 3961000  M.me 9361  SsAes vl 1960408 e nalwee
Kanabee 336,000 74,27 9,9 o . . : 3
Eandiyohi 527:1550 328 :390 37,601 15,078 2,569 468 ,08¢ 1,677 1,720 24,3680
Eittson 718,360 361,713 30,355 28,552 1,428 807,141 1,491 145,862
Kooehiehing 2,002,560 49,087 10,212 74,513 1,196 171,840 1,939 1,024 848,690
Ise qui Parle 494,720 371,985 24,240 35,964 2,064 464,951 810 g 4 ,566*
Lake 1,364 ,480 6,346 2,673 13,257 402 26,126 202 3,413 2,000 512,089
Lake Of Woods 837,120 52,714 6,718 84,567 1,082 152,079 465 388,188
LeSueur 252,540 167,539 23,455 15,044 2,052 275,638 1,997 785%
Iinecoln 345,600 246,985 30,820 2,098 1,580 309,676 e8s 8,642
Lyon 456,530 341,069 2,386 5,219 1,956 436,551 2437 1,980 440666
MeLeod 313,720 211,497 fg.gn ia;,ii’w 2,?9&; isgg ,22 1,‘.359 1,440 7;5,19:
2W 36?‘560 99.& * 68 3 ’33:) 36 oy : 6‘3 '..I&\:IQ 5 -
iershall 1,152,000 534,062 628,506 76,125 2,617 800,252 8,399 38,449
Martin 452,480 344,154 47,758 4,29 2,493 448,651 1,706 1,395  10,355%
1le lacs 2 . s o7 3466 ‘ 9,918
Horrison ?37:040 858:345 27,858 61,819 3,335 492,199 1,866 1,000 185,458
i R DE DR oM S T e b
Iurray 453, » sl s * s ’ _
meollet 293,760 184,566 17,227 11,835 1,475 267 ,874 540 1,862 16,388
Nobles 455,620 344,121 40,594 1,701 2,158 447,071 1,421 1,182 64276*
Horman 566 4,400 393,287 49,708 20,58 1,958 521,766 1,233 15,424
Olmsted 419,200 233,738 54,951 25,481 2,401 394,128 1,235 1,664 4,911
Pennington 308,080 190,194 £9,951 40,108 1,337 325,949 696 1,300 36,706
Pine 903,680 136,065 37,561 58,541 3,316 366,036 2,567 437,348
Fipestone 296,960 214,595 35,601 831 1,261 264,587 1,607 930 1,205*
Polk 1,287,680 792,859 88,064 67 , 247 4,210 1,101,228 4,668 3,125 112,154
Tope 435,840 270,510 39 ,486 8,093 1,840 578,046 1,315 1,408 20,943
innsey 102,400 22,639 8,093 3,256 854 42,939 3,188 36,082 15,967
Red Lake 276,480 150 ,495 19,478 17,969 956 243,283 ar 13,85
‘odvuocd 569,360 430,280 47,300 6,545 2,092 £42,140 1,853 1,280 109*
Henville 6237 ,200 471,862 49,005 12,560 3,087 £06,28% 1,195 958
Rice 316,800 186,273 29,306 135,699 2,518 300,074 1,492 7,040 3,785%
Zoek 310 ,400 225,140 17,767 667 1,348 296,330 1,219 1,177 227*
loseau 1,072,640 298,279 38,061 104,754 2,299 565,124 1,123 62,567
Ste louis 4,018,840 157,793 49,195 199,214 7,617 572,750 30,265 13,244 65,038 2,044,934
Seott 235,280 130,097 13,084 20,200 1,561 809,075 954 6,872
Sherburne 200,320 125,665 19,448 35,730 1,146 226,045 889 589 30,907
Sibley 371,840 249,891 37,997 10,405 2,266 566,561 580 5,306%
Stearns 867,840 490,444 59,366 50 ,05 4,688 503,301 3,184 2,860 21,625
Steelo 272,000 177,142 35,944 8,574 1,912 266,991 956 5,006 8,586*
sStovens 364,800 277,470 34,556 2,267 1,308 547,215 1,054 1,182 5,677
Swift 478,080 347,091 40,862 4,529 1,826 453,208 1,480 512 11,052
Todd 606,080 259,508 20,814 59,874 3,660 502,518 2,261 240 56,325
Traverse 366,080 287,495 27,970 2,398 1,069 556,270 853 10,380
.abasha 333,440 169,156 33,890 43,750 1,638 309,106 643 2,200 1,177*
‘adena 343,040 115,794 18,55 44,979 1,551 238,194 1,065 2,5 72,325
iaseca 265,600 180,012 27,638 5,433 1,688 263,281 789 1,245 6,874
et DR M e Gam bw o i Y e
" 4 b, ) 445 29
Aliin 451,280 358,156 35,996 2,540 1,218 423,659 1,565 1,121 22,701
Winona 368,720 175,881 90,747 65,071 1,987 565,519 1,480 5,262 1,585*%
iricht 429,440 228,716 22,997 81,789 3,702 595,911 1,304 9,561
Yollow tedicine 485,120 365,074 38,163 5,641 2,179 463,356 972 3,858%*
ther : 5,751*
Aonesota 51,506,760 20,130,208 8,540,821 2,351,800 190.9{54 31,844,314 v 48,336/ 152,515 /285,406 ‘i.b&l.us?u

Note: Acreages shown for the various cwnership groups are not all comperable es t0 time (See the footnote for each).

1/ Approximate land area reported by the Us S, Census Bureeu after remeasurerent for the 1940 census. &/ Acreage desige
nated under "all farm lend”™ includes 2ll land in ferms (publicly owned 'as well as private) as determined by the U, S.
Census of Agriculture of April 1, 1940 (approximnate screage privetely ownod is given in enother column). g/ Includes
acreages clessed as cropland harvested, crop feilure, and cropland lying idle or ia summer fellow in accordance with the
use made of the land in 19839, 4_1/ Land used only for pasture in 1939 which could have been used for crops without ade
ditional clearing, draining or irrigating. 5/ All farm wood lots or timber tracts, natural or planted, end cut=over land
with young growth, which has or will have value a8 wood or timber. 6/ Includes pesture land other than plowable and wood=
lend pesture, all wasteland, house yards, barn yards, feed lots, lanes, roads, etee 7/ The approximate ecresge in privete~
ly owned farms differs from the acresge in ell farms as given by the U, 5, Census, The acreage 18 obtained by deducting the
acreage held by the Rural Credit Administration as of June 30, 1940 (included under miscellaneous state lands) and the Farm
Credit Administretion es of December 31, 1940 from all lend in farms. The comparatively amall aggregate farm screage held
in connsetion with varicus types of govermmental institutions and other public sgencies should also be deducted, but the
data is not avellable. 8/ Compiled from the Minnesota Mining Directory, 1940, For Crow Wing County in 1939 the metele
liferous mining cleims include 1447 acres sctive, 5,080 acres inactive, and 389 acres exhsusted; in Itasca County 5,121
acres active, 6,512 ecres inactive, and 320 scres exhausted; in Lake County 202 seres insctive; and in St. Louls County
5,612 active, 19,090 scres inective, and 4,760 exhausteds 9/ Determined fram Railroed and Varehouse Commission records «
veluation meps, station plets, Interstate Camerce Conmission Order no. 7, and Camission ledgers or reports - as of June
30, 1940, E}j Zstinated in response to questionaires sent to municipalities of 2,500 or more population (Census definition
of urtan aree)s In the few instances where no reply was received planimeter reedings were useds 11/ Includes meinly
private timber holdings (35,287,500 acres, exeluding farm woodlots, were reported in July 1937) and land in rural cormunities
(under 2,500 population)s In addition, the lands shown hore include, in most counties, small acresges, mostly private, not
otherwise accounted for. Owing to insccuracies in surveys and errors from other sources, the combined arees of patented
(elassified) and non-patented lands (state and federal), in counties indiceted thus (*), exceeds the total aree, Acreages
indicated for those counties must be deducted to reseh the totel shown for this column.
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R
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R h SRR SV

Tanpproe Fara
nticnal Iadian Blologienl rdlitary ocre= | pristed Credlt Consorv- Total
ores Bwoorvetions Survey feservations| ational | and Une Mininig- eticn Goveracent
_Lands and lands 1 iHress pesorved | tration | Aress uned lands
(Teresl | eveall | devesly | Jereal | Jerealy | lereaty | lereals/ | loreel

- - - - - - a .1’3{) - 8 .190
- 3,956 23,429 - - - 8,740 - 86,100
138,628 209,703 - 5 i 3,502 556 4,048 440,739
- - - - - - 8,460 - £ 400
- - - - “ - 17,480 - 17,460
- @ . - e -~ 3‘7 - :047
- - - - - - 472 - 472
- 15,908 - - - - 1,008 - 19,800
- - o e - - 645 - G49
300,077 §0,700 - 562 - 830 2,743 - 366,587
- - " - - - 2,58 . 2,502
- - - 3 - - 7,67 - 7,679
- - - - - - & 'iﬂg - £ 'wg
- 134,280 - - - 160 = 8,478 - 129,018

5!% g :5’3 'm - - - - Ef}? - 5&‘ ’w
- - 80 B - - - - 240
- - & : | .66{3 - - ) | .814 - b .‘352
- - -~ 813 - - ) .ﬂlﬁ d B .GEQ
o - - - - - 1 ’Oﬁﬂ o i.{}uj
- - - . - - 2,680 - 2,650
o - - - B . 155 - 158
- - - - s - G‘SM - 0 .3“
- - - - - - 685 - 695
- o07 - 4 .%E - - i .3323 - G '6‘9?
- - b - - - 4,09 - 4,159
- - - f.’l?r\s - - B, 251 - 4 ’4 o4
- - 12,902 1,500 - - 2,560 - 15,979
- - - 63 - - 5,218 - 54275
- - - - - - 15,071 - 1,072
130 480 9,860 - 264 - 24000 oS30 - - 348,700
o - - e on - = - -
.‘. o E=3 - e e 5 # ﬁ}ﬁ - f} ’ms
- - - - - 4c 15,990 - 14,009
a2 ¥y 152 - - - 17,391 400 19,572 122,598
el - £ - o o 7 .4% - i ? ,495
45,05} - - - o - - - 645,081
- 8,509 - - - - - 48,507 144,015
- - - - - . 11,885 - 11,680
. “ . . . . - BAM - 2,419
- - - - - - i_’)m - 6:‘5
2 48,05 - - - - 1,888 - 50,521
- - w'm - - - 8.97 - 83 .m
- - - - - - ? .397 - ?,ﬁW
- 2,050 - - - - 5 4393 - 54473
- - o o - - &, 81 - 4,619
- - - " - - 1 .'_ - 1 'Im
- - - - - - 52y - o987
- - - - - - m - .?53
- - - - “r - 3.%2 = Z ’762
- - - - - - 4 ’&'ﬁ:‘ - & .&ﬁ}g‘{
o - - - - - 960 - 960
- - - - m .u‘: 540 ].U ‘336 - 37 ,Gﬁ:}
- 1,085 - - 116 - 1,018 o 3,067
- - - - - . 4§83 - 4,463
i - s - - - 17,004 - 17,08
- - - - - P &30 - 450
- - - o - - 120 - 160
o - o - - e H80 o 1,880
- - - - - - 1 ’ 567 - 1 .:153
- - - - N - B - a77
- - - - - - 162 23,7950 23,510
658,005 84 4580 - - - 64461 829 - 650,301
- o - o - - 1,357 =+ 1 557
- B - - - . 80 o %
- - - 2 - - 8,549 & 8.881

-~ - - -t - - ) . o -~ 3

- - - - - - 18,13 = 16,32
- - . - . - 7,8 - it
= 160 1,025 é,910 o - 4,781 - 10,876
- - - - - - 4,580 - &,385
R e - Ll - - £ - )
- - - - - o ¥ ':::l;r: - -i...j’ Fri |
- - 3,838 G S - - 3,511 - 15,830
o - - - - - ¢ z",f,f'}',’ an G g 17
- 1’.."‘;. fﬂf} - - - el ;‘:C’—.'!-‘ i 4 - 7' -y g
2,354,308 880,900 117,800 @3,5143 /  ov,m88 81,160 548,750 100,977 3,869,145

Includes acreage in Superior National Forest and purchase units (1,830,977 acres) end Chippewa Nationsl Forest
,325 acres) as ecampiled by U. S. Forest Service in May 1940,
within Chippewa National Forest.

Federal land ineludes 70,008 of Indian sllotments
21/ Includes tribal lands, trust allotments, lands recently purchased for the benefit

of Indiens, lands ceded back from the Publiec Domain, and lands in individual ownership supervised or sdministered by the
Indian Service, as reported by the U. S. Indian Service as of September 19359. i?,/ Reported by U. S. Fish and Wildlife

Service as of December 30, 1940.
cludes 27,116 acres in the St.

Bank of St. Paul and the Federal Farm Mortgage Corporation as reported on December 31, 1940,

23/ Reported by U. S. Enginesers Office, St. Paul, Minnesota as of July 1939,

26/ Tn-

Croix Federal Reereational Area and 116 acres in Pipestome National Momuments ass reported
by the National Park Service -as of June 30, 1940, is/ Land in public domain reported by the Gemeral Land Office,
Weshington, D. C. as of June 30, 1939, 3_6/ Acreage in farms owned outright or subject to redemption by the Federal Lend

Date includes a certain

mumber of farms for which the year of redemption has not yet expired. 27/ Ineludes acreage in Beltrami and Pine Island
Development Projects owned by the federal govermment and leased to the Minnesota State Depaertment of Conservation for a
period of 50 years.




LAND CLASSIFICATION AND 1ATD OWIERSHIP IN MIMNESOTA = Continued

State Owned Lands
Trust Tenisly | dequired Vater and
Tor- ILands for| Geme and | Flood Control | State Hoads Stete ilsce
County Unsold feited State |Fish lanis| end Jeforest~| Parks and Institutions State | All State
Cr lioverted| Forests |_stion
Acres /ered —A%s@ Aeresls/ | Aeresiy e
Adtkin 10,579 187,303 - - 298,460 1586 -
Anoka - 667 - 9,349 - -  $,513 733
Becker 6,013 14,143 1,450 132 - 2,708 17,77 -
Beltrani 22,068 41,4385 B 316,740 - 208 16,418 -
Benton - ‘320 - - o - 7,142 -
Big Stone - 656 e - 6,004 40 8,257 .
Blvs Zerth - 80 - e - 110 12,688 -
Brown - - - - - 878 8,866 “
Ceriton %, 295 17,759 - - - 3,375 5,206 4,907
Carvor - - - - - - 7,205 -
Casg 24,566 594413 856 - - = 17,288 G681
Chippeua - 5 - 2 4,580 12 9,828 -
Chissago - - - 216 - 154 6,721 -
Cley - 3,728 e o - 280 6,640 o
Clearweter 11,020 14,808 1,802 4 ;440 - 2,172 9,792 - 6,790 72,088
Ccook 151,446 41s 3,003 - - - 34877 - 1,341 139,679
ottommood - S - 1,600 - S 2,378 - 214 11,192
Crow Wing 3,419 17,799 o 85 - - 9,180 - 6,051 37,204
Dakote 151 281 - - - - 9,658 749 1,507 12,326
Lodee - 380 & o - - 8,504 - 935 7,799
mm 120 il1s e - o 404 8,035 - 5.176 13«.8&
faribeult - - - - - - 11,456 - 206 1 '552
Freeborn - 8B4 - - o o 10 .5“ - 82 10,865
Goodhue - 380 o S e S ll.m 560 314 13 ,335
Grant o 80 - - 128 o g ,854 - & ’6‘60 14 ’715
Hennepin - £ - - - - 13.880 >68 158 13,?80
Vouston - 884 - - - 325 6,885 e 965 8,699
Isantl 80 564 - @ - P 6,717 359 8,858 16,582
Itaseca 207,337 95,180 9,014 - - 2,121 32,466 454 4,040 340,612
Jackson - - - - - - 11 '4::“5' - ‘ il ,4%
Kanabee 240 4,202 - B - - 9,054 - 8,553 19,528
Eandiyohi - 795 - 679 - 379 12,584 706 2,316 17 ,459
Elttson 3,327 36,396 - - - 712 15,196 - 6,043 61,876
Koochiching 775,415 69,345 160 - - - 10,673 - 1,498 as7 ,OSA
lac qui Ferle - 39 o - 8,336 288 12,478 - 4,883 26,030
Lake 167,678 1,774 540 ~ - 838 4,139 o 234 174,539
iake Of Woolds - - 34 145,285 - - 8,918 - 1,185 155 432
Lincoln - 200 - - - - 8,658 - 5,755 14,511
Lyon - - - - - 470 5,680 - 2,457 8,607
¥eleod ~ - - - - ~ 7,987 - 144 8,131
Yaknomen 3,461 1,206 2 o 15 i 22,380 2,150 5,117 o 10,333 49,648
itarshall 2,540 42,580 - 15,772 151,897 - 20,535 - 94,258 253,707
Hertin - - - - - - 11,063 - 80 11,143
I'2akap - - - - - - 9,361 - 1,935 11,386
:'illﬁ I;ﬁcs &0 11 ".:t?:?‘l - - - m 9.139 - 2,?5? 33.521
Morrison 560 7,654 - - - 110 17,561 - 8,804 34,708
Hower - io - - - 80 10,958 - - 11,018
rurrey o~ - - 91 - 185 11,141 - 5 11,422
Meollet - - - L - 216 6,019 865 - 7,100
Tobles o 40 - - - B 11,988 - - 12,089
Olmsted - - - - - 108 10,469 1,360 E70. 12,604
Otter Tail 291 3,800 - - - ag 33,697 1,076 17,350 96,256
Pennington 120 4,698 o - - - 9,422 - 18,229 52,409
Pine - 2’?.5@ - - - ) § 17 ,mﬁ - 1‘,707 59.5“
Pipestone - - - - - 289 7,637 - 10 7,984
Polk 80 12,347 - - - - 23,151 916 25,498 61,992
Pope 160 719 - 205 - - 10,263 - 5,719 17,064
emsey - - - 77 - - 3,015 947 148 4,187
7ed Lake - 4,750 - - - 6 6,304 - 6,927 17,987
adwood - 480 < - - 188 15,137 - 254 14,036
renville - 236 o - - 85 15,387 - 1,180 16,878
Ree B 40 - - - - 8,720 1,622 28 10,410
Rogk - - - ~ - 198 7,585 - 4 8,024
nosean 29,456 112,030 - - 239,200 - 18,857 - 17,373 415,918
Ste Louds 363,512 97,179 54,371 |- - - 51,519 - 1,927 598,308
Seott 40 B - - - - 5,239 187 1,716 7,188
Sherburne 338 1,839 - - - - 6,490 -~ 7,088 15,47
Sibley - 120 - - - - 9,084 - 581 9,828
Stearns &80 1,825 - - - - 21,310 1,569 4,155 28,339
Steole - - - - - 180 64249 329 443 7,203
Stovens - 120 - - - 364 8,518 824 2,515 12,338
Suilt 20 201 - - 8,314 199 9,751 - 3,260 80,505
fodd 1,051 3,906 A - - - 14,661 - 8,495 26,115
Traverse - 20 - - - 1 8,87 - 1,869 10,981
abasha = 10 - - - - 7,452 -~ 4,326 11,788
iadena 40 7,027 - - - - 8,746 - 10,760 24,573
aseca - 80 - - - - §,3519 597 180 7,166
ashington - @ - - - - B,475 1,000 4,208 15,683
‘iatonwan - 130 - 1353 - - 6 4604 - 264 7,131
Wilkdn - 34924 - - -~ - 12,892 - 2,145 15,961
Winona 244 i .021 - - " i .055 8 ,lll - o i .190 13'621
iright @ 0 © - - - 15,104 - 1,115 16,377
Yollow Medicine - - - 2,394 B 1 1s3,629 - 8,399 17,423
¥innesota 886,890 107,278 498,064 673,283 45,866 967,621 20,989 429,305 5,500,949

1,871,856

_:_L_?/ Acreage of Trust Fund Lands as of June 30, 1940, Compiled from Biemnial Statistical Report, Depertment of Conserv-
ation, June 30, 1940 and supplementary date from Division of Lands and Minerals. _.}_5/ Acquired land only as reported by
the Division of State Forests as of Jamuary 1, 1940. 14/ Includes acres ownsd by State in game refuges, publie hunting
grounds, geme farms (Madelia 133 aeres, Carlos Avery acreage included in game refuge), permenent and seasonal hatcheries,
and fish reering pounds as reported by Division of Game and Fish and as complled from State Auditor's records. 15/ In-
cludes scres owned by State (S.E.R.A.) in Lac qui Parle and Whetstone water control projects administered by Division of
Drainage and Waters as reported in report omn Lac qui Parle by Division of Drainege and Waters, June 30, 19403 and ecres

in flood control and reforestation arees as authorized by various county diteh bond relief eets (Chap, 407, Laws of 1931;
Chap. 312, Lews of 1937; Chap. 402, Lews of 1933) and reported by Division of Lands and Minerals as of June 30, 1940.

16/ Ineludes acreage in state parks, state memorial parks, state recreationsl reserves, state waysides, and stete monuments
as reported by Division of State Parks on June 30, 1940. 1-2/ Includes estimated acreage in trunk highweys (127,447 acres),
state ald roesds (118,605 acres), township aid roads (539,381 acres), and county aid roads (182,187 acres) as reported by
State Higlwey Department on December 1, 1939. 18/ Includes 13,331 seres in state institutions, 23 acres in State Capital
and Historical Library grounds, 253 aeres in Stale Fair Grounds, 138 acres in University of Minnesota grounds, 649 scres
in University Farm, and 6,596 acres in University Experimental Stations as of June 30, 1940. 19/ Includes 418,890 aeres
in farms held by the Department of Rural Credit (real estete and sheriff's certificates) as of December 31, 1940, and

4,664 acres of material lands held by the State Highwey Department and 5,751 meres (undistributed by counties) of the
original gse;l.t sp;ing»land grant controlled by the regents of the University of Minnesota as of June 30, 1940,
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THE USE AND CONTROL OF WATER
tile are but tensnts and transients on the earth.
Let us hand down our heritage not only unimpaired
but enriched to those who come after us".
Mississippi Valley Committee
Because water is so abundant and commonplace in Minnesota, it is not always

accorded the high regard it deserves among the natural resources of the State.

A constant supply of water is a criticel necessity in the home for drinking, cook-

ing, bathing and washing. Fertile soils of Minnesota become unproductive when there

is insufficient moisture. Many industries which in total use more water than all
private homes of the State together, suffer interrupted production when supplies
diminish or fail, It provides cheap transportation and in a State without native
coal or oil as sources of energy it has particular value for production of power.
Minnesota's fourth largest business, the tourist industry, is founded primarily
upon the State's lakes and streams. People who live in more arid regioms of the
country know better how to appreciate to the full this resource with which Minnesota
is so plentifully endowed.
Planning For Water Use

To adopt available end potential water resources to the best use and con-
venience of man requires consideration also of land utilization. TLand and water
go together, and people cannot reach a permanently high level of well-being unless
they mske wise use of both of them, Problems of waterlcontrol as well as land use
should be of as much concern to merchants, manufactures, and bankers as they are
to those who toil directly upon the land or gain their living from the water, for
Nature's gifts are the basis of sll phases of economic life.

The actual task of so using and controlling water as to achieve the highest
possible guality of human living calls, therefore, for planning on a very broad

scale. Planners must be able to view in their proper relationships the problems




of water supply, sewage disposal, flood control, erosion and siltation, drainage,

hydroelectric power, and irrigation, and to integrate them all in a comprehensive
water and land resources program, Such planning is necessary if wholly beneficial
results are to be realized from even a single extensive project, for water does
not serve any one isolated community alone, it is used over and over again in
various ways by a succession of communities as it moves down the basin.

A water project should not be built to serve one single purpose if it can
advantageously be made to serve several, Nor should a project be underteken in
one locality without due regard for its affect on the water needs of other locali-
ties, TUnified treatment of water and land problems in each drainage basin is
essential, Msny things that ought to be done to establish the best use and control
of water are little things - things each citizen and each small community can do -
things little in themselves but vital and far-reaching in their combined results.
Every citizen, therefore, needs to understand water problems and to play his part
in their solution.

Minnesota is one of a few States which until recent years has shown little
interest in the conservetion and regulation of public waters., "Like Topsy", a
former gommissioner of Conservation has said, "the State's policy with reference
to its water has 'just growed', without training and without much care as to the

part this resource might be made to play in the ultimate future development of

the State".}/ No doubt Minnesota's physiographic position as a heasdwater State

3/ Report of the Commissioner of the Department of Conservation : Annual Report
1938 and Fourth Biennial Report for the Biennium Ending June 50, 1938, January
1, 1939,

had mueh to do with this early indifference. The ordinary problems of upriver

diversion, pollution and misuse outside the State's jurisdiction seldom arose.




The recent drought, especially in the summers of 1934 and 1936, did more than
anything else to make Minnesotans "water-minded.™ The lowering of lakes reducedv
property values by many millions. Lower river levels menaced the health and welfare
of a number of communities. Western and northwestern sections were actuaily threatened
with a water famine.

In response to statewide demands, the Legislature in 1937 enacted Minnesota's
first constructive water regulatory act. The Laws of 1937, Chapter 468, made it
the duty of the Commissioner of Conservation to devise end develop a general water
resources program for the State. In compliance with this act, the Division of
Drainage and Waters in the Department of Conservation haes gone as far as is possibls,
with presently available information and funds, to inaugurate a comprehensive progrem
for the orderly development of the State's surface and underground waters. The
general policy of the Department of Conservation is the control and distribution of
the State's water resources so as to make them serve as many uses as possible, ob-
servant of the relative rights of all interests affected, before they flow beyond
the State's boundaries., Such a broad objective should include:=- retardation of
accelerated run-off, restoration-and stabilization of lake, pond, and marsh levels,
control of streem flow, regulation of drainage and ground water use, correction of
surface and ground water pollution, and quality improvement of domestic and in-
dustrial supplies.

In the Red River Valley, the first attempt is now being made to treat jointly,

with North and South Dakots'the problems of the conservation, pollution, and flood

control in accordence with a commonly accepted water program for the entire basin.

After many years without such a plen, the Interstate Committee of the Red River of
the North Drainage Basin in August 1937 submitted to the National Resources Committee
a report on economic conditions in the basin, its assets and deficiencies in water
resources, and the research and construction needed to correct the deficiencies.

This report may result in better coordination of water control efforts in that area.




Insdequacy of Existing Data

Sound solution of all water problems requires adequate and unbiased factual
data. Water conservation measures in the past have been hampered by lack of such
information, Substantial losses in the State have resulted from incomplete knowledge
of the behavior of water fslling as rain or snow, flowing in streams, or percolating
into the ground. Actual experience with crop losses, floods, erosion, siltation,
receding lake levels, and similar damage suggests that many millions may have been
wasted through failure to meke comparatively small but needed expenditures to obtain
necessery informaticn.

The accumulation of factual data should be a continuous process., Short time
investigations will not suffice to establish with certainty the maximum, minimum,
and normsl for any particular water fesctor at any given place. The collection of
data, it may be said, will never really be completed.

Statistical information on water does more than merely to insure the better
design and construction of new projects and prevent overdevelopment and under-
development of available supply; it also promotes the successful operation of
completed structures and the proper division of water among its rightful users.

To meet this need, the Division of Drainage and Waters of the Minnesota Department

of Conservation, the Minnesota Resources Commission, the U. S. Westher Bureau, U, S,

Ceological Survey, U. S. Army Engineers, and other public and private agencies have

been collecting water resources data for many years, Much remains yet to be done,
The General Problem.

In general, the principal problems of control and use of water in a drainage

basin gre occa 8ioned by extreme variations of stresm flow. The flow of a stream

is determined by a great number of natural and man-mede cireumstances, many of which
are themselves in a state of constant change. Dominent natural influences are the

amount and distribution of rainfall and the nature and condition of the soil on




which it falls, the state of the vegetative cover, and the temperature, humidity
and motion of the atmosphere. With flow governed by such unstable phenomens, it
is naturally very irregular, but Men has accentuated this variability by disturbing
the natural harmony of forces that exists in every basin as by cutting forests,
draining lekes and swamps, and plowing up the vegetative cover, Axe and plow did
moat to upset Nature's balance between sun, air, water, soil, and vegetation.

If it is borne in mind that use and control of water should begin with
elimination of eritical variations of stream .flow or with amelioration of their

effects the remedial measures for problems of water supply, sewage disposal,

stream pollution, flood control, navigation, hydro-clectric power, soil erosion,

siltation, water recreation, and conservation of aquatic wild life will be more

apparent.
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PHYSICAL BASIS OF USE AND CONTROL OF WATER

"To know the limitations of rainfall and how our run-off waters
behave under varying conditions of climste, cover, and topography,
and having acouired this knowledge, to apply it with wisdom in
making them serve present and future needs most effectively - to
aim to make our waters our servant and not our master = is water
conservation."

Minnesota Department of Conservation 1/

Precipitation

Within Minnesota's borders the normal rainfsll varies from 20 inches in the
northwest to 32 inches in the extreme southeast (Figure -). This places the State,
except for a relatively limited area in the southeast, in the 20-~to 30-inch rain-
fall belt just to the east of the zone of critical rainfall variability (Figure -).
If this amount of rainfall could be depended upon each year, crop production would
be secure and the whole water problem much less acute, Unfortunately, Minnesota's
normal annual rainfsll of 25.15 inches (based on arithmetical averages of annual
means of all stations te 1938) may be widely departed from in individual years
(Figure =), During the years from 1891 to 1938, it varied from a mean low of
14,77 inches in 1910 to a mean high of 32,67 inches in 1905, Furthermore, rain-
fall received in any given year may be excessive in a certain part of the State
and deficient in another,

Annugl precipitation in western Minnesota is not only least in absolute
amount, but it is also subject to more freguent variations of vital consequence
than in eastern Minnesota. For instance, at Hallock, where normal annual rainfall
is 20.15 inches, a deviation of five inches, or about 25 percent below normal, is
much more serious than in the wetter eastern part of the State, At Minneapolis,
with 27.66 inches normal annual rainfall, a B-inch variation below normal represents

less than 20 percent and still leaves more than 20 inches, In western Minnesota,

i/ Outline of a2 proposed water conservation and utilization plan, p. 9,
Department of Conservation, State of Minnesota, October 1922,




moreover, a S-inch deviation gbove normal is more likely to result in excess
moisture problems than in eastern Minnesota because of the soil, topography and
vegetation conditions.

Cyclical Variation

Marked variations occur not only from year to year but also in irregular
cycles lasting several years and in major eyeles of many years duration. Figure -
indicates a pronounced decresse in annusl precipitation in recent years, except
1937 and 1938, and suggests a major cyclical tendency. Variations or cycles are

even more evident in figure - which shows 1l0-year moving averages of precipitation

for St. Paul since 1846, Both charts show an apparent slow increase of mean annual

precipitation up to about 1905 or 1809 and a definite downward trend fraom those
years to 1936, with the average for the eight years 1929-1936 dropping lower than
for any previous'like span of years. A very similar cycle, according to the St,
Paul chart, extended over approximately the same number of years in the last half
of the nineteenth century. Three periods of comparatively scanty rainfall are re-
vealed, and two intermediste periods of more abundant precipitation. It should
not be inferred from this chart that rainfall oscillations tend to be of equal
magnitude or duration.

Whether the downward trend aefter 1905 - 1909 is part o¢f a long time cycle

or whether it represents a result of man made changes in surface conditions is
a subject on which there is considerable disagreement. Perhaps the best opinion
leans toward a fusion of these two ideass. Were it possible to foresee shifts in
climatic conditions it would permit corresponding ad justments in husbandry and
use of available .water supplies. Most experts believe this is not yet practical -
"Apparently there is no eyclical recurrence of rainfall conditions
which cen be reduced to a simple mathematical expression that would
permit foreemst through extrapolation. ZEvidence derived from tree
rings, leke levels, etc., indicates that in the Great Plains the

period from 1825 to 1865 was a long drought with occasional wet
years, *** On the basis of that experience we may assume that the




present drought might be prolonged for 20 or more years. Since
rainfall aversges now stand far below the normal, it is safe to
forecast an increase throughout the drought area, but we have no
reason to expect it immedistely nor to regard the occurrence of a
single wet year as the conclusion of the drought. Until further
advance is msde in the field of accurate long-range weather fore-
casts, there is no way of anticipating climatic variations.}/

1/ Thornthwaite, C. We, The great pleins, in Goodrich, Carter, and others,
Migration and economic opportunity, p. 219, Univ. of Penn. Press, 1936.

Periods of either high or low precipitation occur simultaneously over large
areas. In Water Supply Paper 772, Studies of Relations of Rainfall and Run-Off
in the United States, charts and tables show annual and seasonal changes in pre-

cipitation by geographic areas from 1870 to 1954.3/ From this study, the averages

gy Hoyt, W. G., and others, Study of relations of rainfall and run-off in
the United States: TU. S. Geological Survey Water-Supply Paper 772, 1936.

of progressive l0-year averages for a number of long-time stationsg/ in the West

§/ Includes St. Paul, Minnesota; Muscatine and Farmersburg, Iowa; Bleir and
North Platte, Nebraska; Yorktown and Huron, South Dekota; and Devils Lake
and Garison, North Dakota.

North Centrsl States were plotted for both annuel and seassonal values from 1880 to
1934 (Figure ~). Note similarity of this regional chart to that for St. Paule
Table - shows the data by seasons for this area (group of stations). Ten~year pro-
gressive averages indicate that the aversge winter precipitation for the last 32
years of record was less than that for the first 32 years, and that the maximum 10-
year period ended in 1897 while the minimum period ended in 1934. Statisties for
the growing season (May to August) show that aversge summer precipitation during
the last 32 years of record was less than that for the first 32 years, that the
meximum 10-year period ended in 1908-09 and the minimum period in 1934, and that
the percentage of decrease from one 32-year period to the other is less than for

winter precipitation. Changes in fgll precipitation are the exact reverse of winter




CHANGES IN SEASONAL PRECIPITATION IN WEST NORTH GENTRAL STATES

PReECIPITATION, DECEMBER TO APRIL, 1871 - 1934
b2 87 82 6.92 1897
PreciPiTATION, MaY TOo AucusTt, 1871 - 1934
13.29 12,90 11.15 8 86 16.16 1908-8 11,45
PREC!P&TATION, SepTemeer To NovemBer 1871 - 1934
5.24 5.02 B.48 109 5.90 113 108 5.80 1934 4,04 1897 148

Source: HovT, W. G, AND OTHERS, STUDY OF RELATIONS OF RAINFALL AND RUN=CFF IN THE UNITED States: U, S. GeoLocicaL
Survey WATER-SupPLY Paper 772, paces 44, 46, anp 47

RaT10 LAST 32 | AVERAGE FOR! RaT10 LAsT 10 vears| Maxivum 10 vear Minimum 10 vearR |RATIO LasT 10
AVERA YEARS To FIRsT| 10 vears | (PERCENT) PERIOD PERIOD YEARS TO MINI-
1871~ ' 32 YEARS ENDING 1934, LONG=TIME TO LAST DaTeE OF DATE oF| Mmum 10 vEARS
1934 ( PERCENT) ( 1ncHES) { AVERAGE 32 vears|INcHES EnNDING INCHES ENDING ( PERCENT)

- T 1



and summer trends - the average for the last 32 years has been above that for the
first 32 years and there is now an upward trend.

Seasonal Distribution

Distribution of precipitation by months for areas within Minnesota is illus=
trated in figure -. It should be noted that for all stations except Orr and Crand
Mareis maximum rginfell occurs during June. In those areas the maximum is deleyed
by the slower rise of temperature, and hence less of the convectional overturning
that causes sumer rainstorms, until July. On the average the State (based on
arithmetical averasges of monthly means of all stations) receives about 55% of its

precipitation during the growing season months of Mey, June, July, August; 23% in

the fall months of September, October and November for water-table replenishment;

and 22% during the storage period, December through April.

Snow - The amount and distribution of snowfall is an important factor affect-

ing water use and control. Snow reduces the winter run-off by storing precipitation
to be released in the spring of the yeear. OSpring freshets are caused in pert by

the sudden release of water when the snow melts too quickly. To obtein a more
practicable basis for forecasting stream flow, the Corps of IEngineers of the U. S.
Army in 1935 proposed to set up and maintein seven snow survey courses in Minnesota.
Unfortunately, the preject was not completed.

Snow. measurements along these courses would have served several major pur-
poses. In the first place, forecasts of run-off would promote more effective
operation of Federal water comntrol projeects. Flood forecesting would be more
effective, and power companies and other water using organizations would benefit

from the closer estimates of probable water supply.




Precipitation And Temperature
The study referred to above also presents graphs and tables showing annusl

and seasonal changes in tempersture by regionss Figure ~ shows the meens of 10-

year progressive averages for seven stations}/ in the West North Central area.

W B B T S E T e e ——— < —— - .

g/ Includes North Platte, Nebraska; Dubuque, Iowa; La Crosse, Wisconsin;
Duluth and Moorhead, Minnesota; Rapid City, South Dakota; and Bismark,
North Dskota

It indicates rather conclusively that there has been an increase in temperature at
least since the 1890's. Regarding temperature changes the report on the basis of
data up to 1934 concludes: "It also seems reasonably certain that the incresased
temperature may have operated with the decressed precipitation to creste, in cer=-
tain sections of the country, a condition that is increasingly unfavorable to the
maintenance of water supplies, both in surface streams and in the ground. This
condition 1s especially scute in the upper Mississippi Valley and the Red River
Valley, where, as will be shown later, the average annual losses through evapor-
ation and transpiration so0 nearly equal the average annugl precipitation that any
change which would tend to increase the losses would materially affect the amount
of water available for steam flow and for replenishment of soil moisture and ground

water. "§/

i?./ Op- cit. Pe 57"58-

- a e e - ——

Disposition of Rainfall
Water is a resource which always replsces itself. In this it differs from
forests, grasslands, and soils, and is even more unlike minerals, which once ex-
tracted and used cannot be restored. It is well to recognize this general fact,
however, "The quantity of water with which mankind is concerned must always remain
substantially the same, but its occurrence and distribution over the surface of the

earth is continually changing." 3/

- e -

3/ Meyer, Adolph F., Elements of Hydrology, D. 5, 1917.
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The Hydrologic Cycle

Disposition of the varying amount of precipitation which falls on lMinnesota
depends, as elsewhere, upon the natural cireulation of waters betwsen the earth's
surface and the atmosphere. This cireulation, ealled "The Hydrologic Cyecle”, is
pictured in figure -, showing how sun, sir, water, soil, and vegetation form
Nature's balance. Arrows pointing down show how moisture is supplied to the earth,
while the arrows going up show moisture returning into the air. An understanding
of the hydrologie cyele is important since it is possible to regulate and control
the cireculation of water. Factors of the hydrologic eyele that Man can manipulate
most reedily are the infiltration, absorption, and evapo-transpiration processes -

the last through his control of the plant cover.;/ It must not be overlooked that

é/ Influence of vegetation and watershed treatments on run-off, silting, and
streem flow, U. S. Dept. of Agri., Forest Service and Soil Conservation
Service, Misc. Pub. 397, p. 4, 1940,

modification of any portion of the hydrologic cycle may influence another part.
The great cycle turns about as follows in Minnesota:=

Precipitation -~ Some precipitation is evaporated in the atmosphere during its

fall and hence is called ineffective precipitation (Figure -). Applying the weighted
average effective precipitation of inches of the State it is evident that

Minnesota normally receives approximately acre feet of water or an average

depth of feet of water over each acre of surfsce, each year.2/

g/ Weighted average is used rather than the simple arithmetical average of
observed precipitation in Minnesota because Weathsr Bureau Stations are
much more closely spaced in certain parts of the State than in others.

Of the precipitation whieh reaches the earth, some is intercepted by vegeta-
tion, some runs off over the surface, some percolates into the ground, and some
evaporates or is transpired by plants (Figure -). Some water takes a long time to

complete the eycle, some only a short while.




Interception - Some precipitation is intercepted by vegetation, from which most
of it eveporates back into the atmosphere. WNaturally, the more vegetation and foliage
there is, the greater the losses by interception. It has been reported that summer
rains amounting to0 as much as one-half inch or more may be almost completely inter-

cepted and evaporated by heavy foliage.l/ Studies by the U. S, Forest Service show

1/ saville, Thorndike, Basic principles of water behavior, in Headwaters comtrol
and use, p. 5, Trans. Upstream Engineering Conference in Washington, 1936.

that from 12 to 40 percent of the summer rainfsll on forests is lost by interception

and evaporation, depending upon the kind of timber stand.g/

2/ Watershed and other related influences, U. S. Dept. of Agriculture, Forest
Service, S. Doc. 12, Separate 5, 72nd Congress, 1935.

Surface Run-off - When the rate of precipitation exceeds the speed at which

water may percolate into the soil - surface run-off occurs. This water is shed off

at once over the surface of the ground into creeks, rivers and lakes and from there

ultimately into the oceans (Figure -). Stream flow also results from subsurface
run-off, which passes through the ground before reaching the surface streams. It
is axiomatie that if the greater part of the precipitation runs off the surface of
a watershed the resulting stream flow will be erratic and irregular and any flow of
consequence will be of short duration. Little opportunity will be afforded for re-
plenishment of ground-water reserves and floods and erosion may result.

The following tabulation for the Red River watershed and major subdivisions of
the Mississippl watershed above Koekuk, Iowa, within Minnesota, records the estimated
mean annual surface run-off as expressed in inches, percent of the total run-off,
and percentage of precipitation. Figures in general are based on a five-year annual
average for the period noted and were obtained by Subtrécting from the total stream

flow the estimated ground-water run-off.3/

§/ Ground-water run-off was estimated from study of the plotted hydrographs
of stream flows. Methods used and the results are discussed in Study of
relations of rainfall and run-off in the United States by We G. Hoyt and

others, U. S. Geol., Survey Water-Supply Paper 772, 1936.




Average Annual Surface and Ground Water Run-off

suriface Run-off Ground Water Run-off
l Percent of
Watershed Precipi- % | Percent | Percent of Percent| Precipitation

B —— e e e e 5

tation

nches| of Total{ Precipi- |Inches| Total | Minus Surfsace
| Run-off | tation Run-off] Run-off

Red River above
Grand Porks, N. Dak. 18.53 69.5 1.9 O.24 40,7 1.3
(1928-1932) ‘
Mississippi River
above Keokuk, Towa 28, 64 ' 56.2
(1928-1932)
Minnssota River :
above Mankato, Minn, 22«22
(1930-1932%)
Zumbro River above
Zumbro Falls, Minne 26.35
(1931-1832%)
Root River above
Houston, Minn,
(1931-1932%)
Ste Croix River
above Rush City, Minn.
(1928-1932%)

* Years ending September 30.

Source:  Hoyt, W. G., end others, Study of relations of rainfall and run~-off in the
United States: U, S. Ceological Survey Water-Supply Paper 772, pages 120-121.
Applying the percentasges of totel run-off given in the above table for the

Red River watershed sbove Grand Forks and the Mississippi River watershed above
Keockuk to the average snnual run-offs for the periods of record (1882-1934, Red
River; 1878-1934, Mississippl River) the following close approximstions of dis-

position of the precipitation by surface run-off are obtained.

Percent of Average Annual Approximate Annual
Total Run-off Run-off Surface Run~off

Red River - - - = 59,3 1,85 +74 inches
Mississippli - - - 56,2 6. 98 3.92 inches




Any decrease of surface run-off means of necessity, providing the precipi-
tation remains the same, a corresponding increase in the amount of water that
enters the soil to be disposed of the transpiration, evaporation, or ground water
flow. Conversely, any action that ensues in an inerease in the amount of rain
entering the soil as infiltration results of necessity in a decrease of surface
run~of'f,

Several benefitsmay result from control of surface run-off, eccording to
Robert Horton, director of the Horton Hydrological Laboratory;l

1. Reduction in soil erosion and gullying of the soil, with
consequent reduction in silt tramsport of rivers and the
sedimentation of reservoirs.

Increase in the soil moisture svaileble for vegetatione

Increase of the ground water storage, either through
raising of ground water levels or their equalization,
thus providing an increase of ground water flow of
stresms and better sustained ground water levels for
domestic or other uses and for the supply of such types
of vegetation as depend in part upon the water table,

Decrease in flood intensity in ordinary floods, although
there may be little if any decrease in maximum flood in-
tensities. There will, however, be a substantial decrease
in the frequency of occurrence of floods.

General betterment in the regularity or regimen of streams,
particularly heedwater streams and first order tributaries,
providing perennial flow where only ephemeral flow previous-
ly existed.

}/ Horton, Rs E., Surface run-cff control, in Headwaters control and use,
P. 18, Trans. Upstream Engineering Conference, 1936.




These ere the objectives of surface run-off control and they all come under

the head of conservation of water resources. Surface run-off control can be

accomplished mainly through operations on the soil surface Which meke running

water walk or creep and permeaste the soil.s Vegetation is Man's strongest ally

in bringing sbout meximum usefulness instead of dissipation of precipitation.
ADAPTATION OF BOTH CROPS AND CROFPPING PRACTICES TO THE PURPOSE OF CONSERVA-

TION HELPS TO CONTROL SURFACE RUN-OFF. Strip-eropping - soil-leden water from

the strip of clean-tilled crops, such as corn, that effers little resistance to
water run-off is stayed and filtered of its load in the strip of close-growing

crop such as osts. Contour plowing - furrows thet follow the contour of the

slope dam up and hold the rainfsll on the land until it has time to sink inte

the earth. Terracigg - cropland dams across the face of cultivated fields break

the downhill flow of rain water, helps it soak into the soil, and leads the surplus

into safe channels. Crop roteting - proper rotation increazses the absorbency of

soils and in addition mskes them more fertile and workable.
WELL MANAGED GRASSLANDS VERY EFFECTIVELY HELP IN THE CONTROL OF SURFACE

RUN-OFF. Regulated grazing - moving stock from one pasture to snother gives

grass a chance to keep in good condition, Grassed drainsgeways - waterways and

terrace outlets covered with grass conduct excess rainfall slowly and harmlessly
downhill to drainsge streams.

IMPEDING SURFACE RUN-OFF IN MANY PLACES REQUIRES EXTENSIVE USE COF TREES.
Planting trees - on steep slopes and badly gutied soils, trees will stay the flow

of running water and hold the soil in place. Saving forests - when Nature's cover

of trees is destroyed by wasteful logging, destructive fires, or harmful insects,

little remains to hold back the surface water or the absorbent top-scil.




Absorption And Infiltration

The proportion of normal precipitation retained in the ground cannot be
accurately estimated, for sbsorption and ;nfiltration vary greatly with temper-
ature, previous water content of soil, and numerous conditions determining the
character of the soil and rock beneath, Of that which seeps into the ground,

a part is used by vegetation and then given off to the atmosphere, a part re-

turns to the ground surface through cepillary actioqﬁ/ and evaporation, a part

1/ Phenomena by which the surface of a liquid where it is in contact with a
solid (es in a tube) is elevated or depressed. Elevation of liquids in
cepillary tubes and the action of blotting paper and wicks are examples
of capillarity.

appears later in streams as run-off that passed through underground strata, and
a part becomes deep seepage perhaps to appear in other watersheds or as water in
deep wells, lakes, or the oceans (Figure -).

Teble - presents estimates of mean annual run-off from underground drsins.
for the Red River watershed above Grand Forks and major subdivisions of the

Mississippl River watershed above Keokuk, This is called ground water run-off

and is expressed in inches, percemt of total run~-off and percentage of precipi-

tation.

Such estimetes are subjeet to error. To the extent that estimates of ground
water run-off are too large, estimates of surface run-off are too small, Dis-
cussion about ground water run-off in Water Supply Paper 772 points out, "These
estimates are rough approximations of the amount of infiltration that eventually
reaches stream channels. They represent on an annual basis that part of the
streaem flow which is dependable, as ccmpared with erratic and often destructive

surface run-off.m"2/

2/ Op. eit. p. 245.




Applying the percentages of total run-off'given in the above table for the
Red River watershed sbove CGrsnd Forks and the Mississippi River watershed above
Keokuk to the average amnual run-off for the periods of record (1882-1934, Red
River; 1878-1934, Mississippi River) the following close approximations of dis-
position of precipitation by ground water run-off are obtained:

Percent of Average Annusl Approximate Annual
Total Run-off Run=-off . Surface Run-off

x +91 inches
Mississippi River - - 43.8 x - 3.06 inches

Generally, ground water leakage into brooks and streams and rivers occurs
along porous strata. Most persons are surprised to learn how large a proportion
of the total run-off of streams is derived from ground water. For watersheds as
given in table - this varies from 39 percent for the Minnesota River above Mankato
to over 55 percent for Root River above Houston, Minnesota. It may run a great
desl more in the case of streams fhat run through deep, sandy, glacisl deposits,

such as occur in large areas in Minnesota.

Maintensnce of underground water storege is of vital importance. ZEven in

better watered sections, rainfall during the growing season seldom suffices for
production of a full crop, so that generally the productivity of Minnesota is
essentially dependent upon weter stored in soil and subsocil and underlying rocks
within root -draft of growing plants. Moreover, states a Bureau of Soils bulletin,
"This store is the chief source of springs and streams where animals drink; it is
the supply for wells whence men teke the water required for domestic uses; and it

is the reservoir which holds storm waters and equalizes the flow of brooks and

rivers. "1/

1/ Wells and subsoil waters, U. S. Dept. of Agriculture, Bureau of Soils,
Bull, 92, p. 8, 1913,




"It is, as we shall discover," writes H. S, Person, "Largely by acts which
decrease absorption and infiltration, and ground water store, and which accelerate

run~-off, that Man has seriously disturbed natural arrangements and harmed himself.ﬁL/

E/ Person, H. S., Little Waters: A study of headwaters stresams and other little
waters, their use and relations to the land; Soil Conservation Serviece =« Re-
settlement Administration - Rural Electrification Administration, Revised
Edition, p. 8, 1936.

Eveporation And Transpiration

The atmosphere heated by the sun takes up water from the earth's surface in
two ways - by evaporation from oceans, lekes, rivers, land, and vegetation and by
transpiration from leaves of vegetation {Figure -). ZEvaporation and treanspiration,

as roughly measured by precipitation mimus run-off over the period of record,

averasges about 20 inches (20.91 inches precipitation - 1l.25 inches run-off = 19.67

inches) for the Red River watershed and 23 inches (29.51 inches precipitation =
6498 inches run-off = 22,53 inches) for the Mississippi River watershed, according

to Water Supply Paper 772.

In its relation to agriculture, evaporation is probably as important as either
precipitation or temperatures Loss of soil moisture by evaporation assumes es-
pecial significance in western psrts of the State becsuse -of the comparatively
narrow margin between crop success and failure., Even with its important bearing
on agriculture, and on drainage. and impounding of water, quantitative data on
evaporation exist for only a few scattered stetions, and even the available re=-
cords are useful only to e limited extent, because they were obtained for different
periods and by different methods.

Transpiration is one of the basic functions in the life processes of plants.
Plants take up water from the soil through roots, utilize it in producing growth

and maintaining life, and then discharge it through pores into the atmosphere as




water vapor. The amount of precipitation thus returned to the atmosphere varies
greatly with temperature, humidity, and wind velocity, and with the character of
the vegetation and soil. A given area of conifers will transpire the equivalent
of from 3 inches (pines) to 8.5 inches (spruee) of the precipitation, hardwoods

from 5 inches (osks) to 10 inches (beech).l/

}/ From unpublished manuscript by Aaron Raber, Water relations of trees with
special reference to the economic species of the North Temperate Zone;
Ue. S. Department of Agriculture, Forest Service.

In normal years most of the rsinfall received in the growing season returns

to the atmospherse through direct surface evaporation and transpiration. During

sumuers of subnormal rainfall the ground water tabqu/ of Minnesota is lowered,

R - - m—— - - = e e m—w T e - ———

g/ Upper level of the ground water storage zone is called the "water table'.
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especially in the areas of greater deficiency, because the rate of evaporation
and transpiration of moisture from the ground and surface of plants exceeds in-
filtration.

Figure - taken from Water Supply Paper 772 shows the ten-year progressive
averages of precipitation minus run-off at Grand Forks; thesemay be taken as
the approximate amounts of water required for transpiration and evaporation
there, assuming no progressive change in ground water storage over the period.
If, for a rough consideration, the average is given the value of 20 inches, it
is clear that whenever annual rainfall is less than that amount (a) agriculture
is seriously affected, and (b) vegetation will take up precipitation in Such an

amount that low-water stream flow will be reduced to extremely low values.g/

3/ Report on regional planning, vart V - Red River of the North, National
Resources Committee, ps 9, August 1937.




Draft upon ground water reserves during subnormal rainfall years causes a rapid
recession in stream flow and, if prolonged over a period of dry years, results in
the dying of old mature trees, drying up of wells, lowering of lake levels, and
acute danger to domestic water supplies from pollution. These facts suggest the
great importance of making every practieal provision for water conservation and
storage in years of plentiful raeinfall,

The situation is perhaps clearer when expressed in another way. If the average
annual precipitation is taken as 22 inches (Figure -) and evaporation and transpira-
tion placed at 20 inches, it is obvious that under those average conditions less
than 2 inches of water remsins for conservation. The Nationsl Resources oumittee
has reported that, "For the seven years, 1929 to 1935, the average run-off at Grand
Forks was only 0.36 inches. This represents an extremely small amount of water

avallable for storage and stream regulation.ﬂl/ But a total rainfall of 28 inches,

-— pre———

1/ Op. eit. Idem., p, 4L,

say, in ome year, produces at least 8 inches for comservation. Thus,roughly, a
one-third increase in preeipitation there will multiply the waters which become
available to maintain lakes, streams and sub-surface supplies about three times.
Summary
In general summery, in Minnesota (Figure =), Nature uses fram 19 to 26 inches
of the 20 to 32 inches of precipitation to meet the demands for deep seepage, evapor=
ation from land and water areas, and transpiration of plants. Minnesota streams and
lakes and swamp storage, depending upon rainfall conditions, dispose of from 1 to
6 inches.-
As shown, the run-off for any given area is roughly proportional to the amount

of precipitation. The extent of correlation between trends of annual rainfall,

temperature conditions, and run-off may be seen by examining figures - and -, already




shown, and figure - which shows ten-yeer progressive averages of annugl run-off in
inches for the Red River at Grand Forks end the Mississippli at Keokuk, Iowa over
almost the last half century. Progressive averages of gage heights of Leke Superior
were also plotted in figure - . On relstions between rainfall and run-eoff, Water
Supply Paper 772 concludes, "On the basis of the long-time averages it appears that
in the Red River Basin a change of one inch in rasinfell is reflected by a change of
about 0.3 inches in run-cff. * * *, In the Mississippi River Basin a change of ome

ineh in rainfall is reflected by a change of about 0.5 inches in run-off."l/ While

1/ Hoyt, We C., and others, Study of relatioms of rainfall @nd run-off in the
United States: U. S. Ceol. Survey Water-Supply Paper 772, p. 100, 1936.

Man has as yet little or no control over precipitation or temperature, his ectivi-
_ties exert an ever inereasing influence on the process of water run-off.
Surface Waters
Study of a map of Minnesota shows the State conteins the headwaters of three

of the continent's msjor drainage systems, all flowing to the Atlantic side but by
three widely divergent courses. Part of the drainage of Minnesota leads to the Gulf
of Mexico (Mississippi River System), part t§ the Gulf of St. Lawrence (Great Lekes -
St. Lawrence River System), and part to Hudson Bay (Nelson River System). The Gulf

of Mexico receives sbout 57 percent of the drainage, the St. ILawrence less than 9

percent, and Hudson Bay fully 34 percent.2/

g/ Leverett, Frank, Quaternary geology of Minnesota and parts of ad jacent
states: U. S, Geol. Survey Prof. Paper 161, p. 9, 1932.

Practically no water enters or materially augments the water supplies of
Minnesote from any outside drainage ares except as to streamsentering the St. Croix
and the Mississippi from Wisconsin on the eastern boundary of the State and streams

entering the Red River from North and South Dakota on the west.




Major Drainage Systems

The poorly defined divide between the St. Lawrence and Nelson drainage systems
follows the prominent Mesabi iron range and then on to the northeast along the top
of a relatively flat, forested, morainic plateau, dotted with many lekes. Beiween
the divide and Lake Superior the generally rough topography is dissected by many
streams which descend in cascades to Leke Superior. In Cook and Lake Counties are
streams which drop 900 feet within a few miles. Pigeon River descends 1,050 feet,
over a series of falls and rapids, from its source to the level of Lake Superior
(602 feet); 700 feet of this descent takes place in the last 20 miles. St. Louis
River flows for most of its course through a level swampy tableland between the
Mesabi iron range and the escarpment fronting on Lake Superior, finally to plunge
555 feet in 12 miles from s point below Cloquet to Allouez Bay.

The Divide between the Mississippi and Nelson drainage systems trends irregular-

ly from the southern boundary of Traverse County on the southwest in a northerly and

northeasterly direction along the large moraines of calcareous till in Ottertail,

Becker, Clearwater and southern Beltrami Counties; and then easterly in Itasca
County to the iron range divide. Most streams emptying into the Red River of the
North, tributary of the Nelson, have moderately high but irregular gredients in
their upper reaches, but after reaching the level glacial Lake Agassiz plain their
gradients greatly decrease. In hilly moraines bordering the lake plain, innumera-
ble small depressions were left, giving origin to thousands of lakes with the greater
number in Ottertail, Becker and Itasca Counties. Few lakes occur in the lake plain
and most of these are large, notably Lake Traverse, Lake of the Woods, and Upper and
Lower Red Lake. On the most poorly drained parts‘of the Leke Agassiz bed, extensive
peat bogs developed in Roseau, Lake of the Woods, Koochiching, and northern Beltrami
Counties, In general drainage is in a youthful stage of development, being featured
by numerous lakes and swemps and drainage courses that are poorly organized and ir-

regular.




The upper part of Mississippi River follows a circuitous route with a descent
from an altitude of about 1,475 feet at Lake Itasca, near its source, to about 620
foet at the Minnesota-Iowa line., The gradient varies considerably in the post-
glacial course sbove the Twin Cities. From the source in lake Hernando de Soto
to the outlet of Lake Winnibigoshish, a distance of about 50 miles, a fall of
somewhat over 150 feet takes place. From there to Brainard, a distance of 250
miles, the gradient is low, with a total fall of approximately 125 feet, or amn
averege fall of sbout six inches per mile, * * *, The character of the river then
changes abruptly and in the 150 miles between Brainard snd the Twin Cities, the

river falls from about 1,175 feet above sea level to 700 feet.l/ In the re-excavated

3/ From the Report of the Committee on Water Resources to the Minnesota State
Planning Board, p. 5, Oct. 1934.

pre-glacisl valley below the junction of the Minnesota River to the state line,

which is ebout 175 miles, there is a total fall of approximately 80 feet.

The Mississippi headwaters area has strong belts of morasin interspersed in
more rolling ground moreine or flat sandy and gravelly outwash material, Basins
as well as knolls conspicuously emphasize the glaciated topography. ILekes abound
throughout the area. Mille Laes, Leech, and Winnibiéoshish Lakes, three of the
largest lakes Minnesota, are located in higher parts of the basin at elevations
between 1,250 and 1,300 feet above sea level. The Mississippi itself flows through
a series of these larger lakes, including Bemidji, Cass, and Winnibigoshish. Drain-
age lines are not yet thoroughly developed in this area,

The Minnesota River, principal tributary to the Mississippi in Minnesota, has
a length of about 400 miles, It flows through rolling till prairie country in a
very brosd velley that was cut mainly by drainage from glacial Lske Agassiz. It

has only a 300 foot gradient over its entire course. Lekes are far less numerous




in the Minnesota watershed though marshes occur frequently, especially near rivers,
The valley of the Minnesota River generally runs asbout 200 feet below the surround-
ing ground level with bluffs lining the gorge from Granite Falls to its mouth.

The drsinage area of the Mississippi River in the southeastern corner of Minnesota
comprises a bowed up highland covered with old morsine with a youthful, much-dissected,
loess-mantled phase in the eastern part and a rolling phase in the western part,
except for a narrow belt in the extreme southeast which escaped glaciation and is

therefore called the Driftless Area, Along the Mississippi anmd it tributaties, rather

narrow V-shaped valleys open from the edge of the water for varying distances until

they attain the higher ground of the plateau back of the bluffs. A great deal of the
upland lies above the 1,000-foot elevation. The bluffs are bedly gullied and eroded
and drainage lines throughout the area are well established.

Annual Run-off

Relatively, the stream flows are low in western Minnesota and high in eastern
sections as a result of the distribution of precipitation and vegetation and dif-
ferences in physiography. The approximate mean annual run-off for principal rivers
and selected tributaries in Minnesota, compiled from the best data available, are
tabulated in table -, Table - lists discharge recording stations in Minnesota and
their years of record.

Comperison of the average annual discharges at andnear Anoka with the averages
at St. Paul for the same periodgof record (1906-1913 and 1952=-1938) reveals that
the Mississippi headwaters contributed 64 percent and 70 percent, respectively of
the total run-offs of the Mississippi River at St. Paul just below its confluence
with the Minnesota River, although the Minnesota drains an area approximately four-
fifths as large as the Mississippi headwaters. The proportion of the run-off at
St. Paul camprising_upper Mississippi drainage runs considerably greater in dry
years and less in wet years. During esP§cially dry years the Mississippi headwaters

provide almost the entire minimum flow at St. Paul.




SUMMARY OF DISCHARGE DATA OF FRINCIPAL RIVERS AND SELECTED TRIBUTARIES TO 1939

Drainage Years | Meximum Discharge| MaxXimum Annual Run-off
River Station Area of Calendar Day Gage Height Meximum Minimum Average
Square Miles } Record | Cu. Ft. Per. Sec. Feet Cus Ft. Per. Sec.{ Cus Ft. Per. Sec. | Cus Ft. Por. Sec.
Red River Basin
Red River Grand Forks, North Dakota 25,500 38 52,920 50,2 5,580 244.0 1.777
Red River Fargo, North Dakota 6,420 38 7,720 23,6 805 17,5 *262
Red River Neair Fergus Falls 1,800 2 - 8.66 R - -
Rosegu River Caribou 1,650 12 3,160 12.8 683 120. 301
Roseau River Ross 1,030 i s 2,290 14.64 259 28.9 141
Two Rivers, South Branch Hallock 776 6 1,830 17.44 79 30.5 55
Red Lske River Crookston 5,320 38 14,400 21l.5 13970 83.6 680
Red Lake River Thief River Falls 3,430 21 7,040 15.0 1,330 133, 506
Red Lake River Red Lake 1,950 6 273 5.80 68. 2 5.55 20
Clearwater River Red Lake Falls 1,310 9 3,990 695 470 127. 260
Thief River Near Thief River Falls 1,010 25 4,080 14.5 344 2e 64 96
Wild Rice River Twin Valley 805 18 2,200 20.0 337 53.1 133
Ottertail River Near Fergus Falls 1,310 10 1,075 4.20 377 140. 224
Ottertail River (Heed of Red River) Near Fergus Falls 1,300 4 982 3.0 466 356, 415
Bois des Sioux River Near Tenney 1,460 20 390 5468 74 1/ L/
Mustinka River Above Wheaton 776 15 2,240 14.7 57.9 .19 15
Minnesota River Basin
Minnesota River Mankato 14,600 36 43,800 21.20 5,670 136. 1,731
Minnesota River Montevideo 6,300 30 22,000 18.85 1,880 4,43 424
Minnesota River Odessa 1,560 4 850 11.60 - - 43
Blue Earth River Rapidan Mills 2,260 2 13,100 11.50 - - -
Chippewa River Near Watson 1,850 17 9,700 17.86 138. 20.9 60
Cottomwood River New Ulm 1,190 13 4,490 16.15 279. 54.8 137
Pomme de Terre River Near Appleton 960 8 700 6.42 49,2 25.8 37
lac qui Parle River Lac qui Parle 838 13 2,020 11.14 51.9 10.2 45
Redwood River Redwood Falls 703 15 1,260 4.84 92,9 18,7 48
Yellow Medicine River Near Granite Falls 540 8 2,170 6.62 123, 9,47 66
Reiny River Basin
Rai River International Falls 14,600 11 37,300 15.21
ansswood River Near Winton 1,920 8 7:950 4,38 li’gz?, 4'2%2 ?’ég:
Little Fork River Little Fork 1,620 20 19,300 57.00 1 730 308 "846
Big Fork River Big Falls 1,520 15 11,500 15.12 ’926 92. 6 476
Kawishiwi River Near Winton 1,300 27 8,010 1.340 241' 809
Vermilion River (below Lske Vermilion)® Tower 530 18 2,290 3. 96 '530 178 281




SUMMARY OF DISCHARGE DATA OF PRINCIPAL RIVERS AND SELECTED TRIBUTARIES TO 1939 - Continued.

Drainage Years | Maximum Discharge Maximum Annual Run-off
River Station Area of Calendar Day Gage Height Maximum Mi nimum Average
Square Miles | Record | Cu., Ft. Per. Sec. Feet Cu. Ft. Per. Sec.| Cu. Ft. Per. Secd Cu. Ft. Per. Seec.
Upper Mississippi River Basin
Mississippi River St. Paul 36,800 52 80,800 18.00 20,600 1,935 8,518
Mississippi River Near Anoka 19,100 8 35,400 11.92 5,886 1,603 3,239
Mississippi River Anoka 17,100 9 44,300 10.40 13,400 3,290 6,911
Mississippi River Elk River 14,500 24 31,300 11.351 9,920 1,454 4,087
Mississippi River Near Royalton 11,600 15 19,200 - 3,840 1,213 2,410
Mississippi River Near Ft. Ripley 10,700 3 8,700 8. 92 = - e
Mississippi River (below Sandy River) Libby 5,060 9 2,000 15.43 1,409 505 853
Mississippli River (above Sandy River) Libby \ 4,560 26 9,572 3/ 27.2 3,564 1,180 2,188
Rum River Near Anocka 1,430 3 7,560 213 - , - =
Rum River Near St. Francis 1,360 10 5,440 8.80 529 66.1 255
Rum River Cambridge 1,160 6 4,900 16.2 383 160 255
Crow River Near Dayton 2,540 i ! 11,000 13.9 - - -
Crow River Rockford 2,520 2 10,400 15.9 1,690 84.5 499
South Fork of Crow River Near Rockford 1,160 4 2,650 8. 60 - - =)
Elk River Near Big Lake 815 15 4,970 9.8 485 88 233
Sauk River - Near St. Cloud 815 15 1,690 8.95 210 51.0 126
Platte River Royalton 338 9 1,380 B¢ 36 - - -
Crow Wing River Pillager 3,230 6 6,920 11,6 838 5%9. 936
Crow Wing River Motley 2,140 8 9,440 13.2 1,430 366, 1,007
Crow Wing River Nimrod 1,010 14 2,000 7.1 - - &
Long Prairie River Near Motley 973 11 4,280 15.0 571 54 290
Lower Mississippi River Basin
Mississippi River Prescott, Wisconsin 45,000 13 59,700 13,04 13,800 4,367 8,752
‘Mississippi River Winona 59,200 1d 94,900 12.83 26,810 9,742 17,360
Root River Near Houston 1,280 19 25,000 15.34 847 442 641
North Branch Root River Near Lanesboro 647 8 10,500 13.00 416 260 324
Zumbro River Zumbro Falls 1,120 19 18,300 26.26 617 170 436
South Branch Zumbro River Near Zumbro Falls 821 7 7,940 10.91 507 246 379
Cannon River Welech 1,290 15 10,500 12.04 467 137 312
St. Croix River Basin
St. Croix River Near St. Croix Falls, Wis, 5,930 29 35,800 4/ 6,040 1,754 3,151
St. Croix River Near Rush City, Minn. 5,120 16 27,500 T 13,90 4,380 1,599 2,715
St. Croix River. Swissg, Wisconsin 1,550 25 8,220 673 1,730 8453 1,146
Snake River Pine City 915 5 7,240 - 944 343 548
Snake River Mora 422 5 3,600 1647 209 87.2 132
Kettle River Sandstone 825 10 10,600 7.70 945 231 632
Iowa - Cedar Rivers Besin
Cedar River " Near Austin 425 6 54230 14.4 167 100 126
Des Moines - Skunk Rivers Basin
West Fork Des Moines River Jackson 1,160 5 1,690 16.0 - - -
Heron Lake Outlet Near Heron Lake 492 9 1,660 8453 198 26.5 81

1/ No flow during the entire climatic year 1924-1925.

2/ No gage heights, a power plant record.

3/ Gage height maximum and minimum are from period 1925 to date.
4/ Data not available.
-~ Ommission in record.
Water Supply Papers, U, S. Geological Survey.

Source:

Prior to 1925 records not available.




DISCHARGE RECORDING STATIONS IN MINNWSOTA BY RIVER BASINS
PERICD OF EECCRD TEHROUGH 1939

Years

Station County Piver Duratien Years Of Record
FID RIVER BASIN
Detroit Lakes Backer Cttertail 3 1937-1939
Fergus Fells (heed of Red R,) Otter Tail Ottertail 5 1913-1917
FPergus Falls (near) Otter Tail Ottertail 10 1904-1913
Fergus Falls (below Pelican R.,) Otter Teil Ottertail 10 1930-1939
Breclkenridge Wilkin Ottertail 2 1931-1932
Fergus Falls (near) Otter Tail Red 2 1909-1910
Fargo (North Dakote)l/ Cass Red 29 1901-1939
Grand Forks (North Dakote)l/ Grand Forks Bed 39 1901..1939
Pembine (North Dalota)l/ Pembina Red 1 1901
Emerson (Menitoba)l Red 12 1902, 1929-1939
Fergus Falls (near Otter Tail Pelicen ] 1909-1912.
Wheaten (ebove) Traverse Muetinka 16 1917, 1919-1%24, 1931-1939
Wheaton {near) Traverse Mustinica 1 1916
Dilrorth Clay Buffalo 9 19311939
Twin Valley Norman Wild Rice 19 1906-1917, 1930-193°
Waekigh (head of Red Loke R,) Beltrami Red Lake* L 1930-1933
Redby Peltrami Red Lake* 2 1930-193%2
Red Leke (neer) Beltrami Red Lake* 7 1933-1939
Red Lake (near) Reltrami Red Lake 7 1933-1939
Goodridgze (at High Larding) Pennington Red Lake 10 1930-1939
Kratka Pennington Red Lake 2 1929-1930
Thief River Falls Pennington Red Leke 21 1909-1918, 1920-1930
Crookston Polk Red Lake 39 1901-1939
Middle River (near Thief R,) Mershall Thief Lake 8 19321939
Thief River Fglls (near) Pennington Thief 26 1909-1917, 1920-1921, 1922-1924, 1928-1939
Red Leke Fplle Red Lake Clearwater 9 19091917
Pelen (head of Two R., S, Fork) Roseau Two 10 19281937
Bronson (Soutk Fork) Kittson Two 12 1928-1939
Hallock Kittson Two 6 1911-1914, 1929-1930
Hellock (Middle Fork) Kittson Two 9 1931-1939
Lancaster (North Fork) Kittson Two 10 19291938
Lancaster (near) Kittson State Diteh #85 10 1929-1938
Malung Roseaun Roseaun 12 1928-1939
Roseau Roseau Roseau X 1939
Ross Roseau Roseaun 12 1928..1939
Badger (near) Roseau Roseau 12 1928-1939
Heuz (near) Roseau Roseau 8 19321039,
Caribou Roseaun Roseau 12 1917, 1920-1930 o
Caribou (below cut-off ditch) Roseau Roseau 11 1929..19%29
Carivoun {(at Int, Boundary) Roseau Rosean 7 1933.1639
Melung (South Fork) Roseau Roseaun 156 1911-191k, 1928-1639
Pine Creek (near) Rogesn Pine Creek 12 1928.1939
Badzer (near) Rosean Radger Creek 10 1920-1938 |
Begley (neer) Clesrwater: Rice Lokes R 19381939
Leonard (near) Clearwater Clearwater Lakes 6 1934-1939
Leonard Clearwater Clearwater 6 10241939
Plummer Red Leake Clearwater 1 1939
Red Leke Falls Red Lake Clearwater 6 193k.1039
Sprague Polk Mud Creek 12 1928.-19309
MINNESOTA RIVER BASIN
Ortonville Bigz Stone Minnesota 3 19371239
Odessa (near) RBig Stone Minnesota 5 1909-1913
Montevideo (near) Chippewa Minnesote 31 1909-1939
Judson Blue Tarth Minnesota 2 19381939
Menksto (near) RBlue RTarth Minnesota 37 1903~1939
Cerver (near) Carver Minnesote 6 19341939
Odessa (near) Biz Stone Yellow Benk 1 1930
Apvleton (near) Swift Pomme de Terre 9 1931-1939
Lac qui Parle Lac gui Parle Lac qui Parle 1k 1910-191k, 1931-1939
Wateon (near) Chippewa Chipoewa 15 1909-1917, 1931-1936
Granite Fglle (near) Yellow lMedicine Yellow Medicine ) 1931-1939
Redwood Falls (near) Redwood Redwood 16 1909-1914, 1930-1939
New Ulm, (neor) Rrown Cottonwood 1Y 1909-1913, 1931-1939
Rapiden Mills Blue Ferth Blue Farth 2 1909-1910
Repidan (near) Blue FParth Blue Farth 1 1920
¥ilan (rear) Chippewa Chippewa 3 1937-1939
Repiden (near) Blue Eerth Le Suenr 1 1029
Mayer (near) Carver S. Fork of Crow 6 1934-1939
RAINY RIVER BASIN
Renier (heed of Reiny R.) ¥oochiching Rainy Lake* £ 1910-1017
International Falls Koochiching Rainy 11 1907-1917
Birchdele (near) Kooehiching Rainy 2 1933-1034
Manitou Repids Kooehiching Rainy 6 1.934-1939
Winton (near) St. Louis Basswood 7 19331939
Winton (near) St., Louis Kawishiwi 28 1905-1907, 1912.1910, 1023.1939
¥®ly (near) St. Iouis Burntside Lake* 3 1933-103%
Tower (below Lake Vermilian)' St. Louis Vermilion 1L 1911-1917, 1933-1939
Little Fork Koochiching Little Tork 16 10091017, 1933-1239
Big Felils Koochiching Big Fork 11 1908-1912, 1933-1939
Leurel Xoochiching Big Fork j ! 19309
Leman Koochiching Black River 1 1909

( Continued)




DISCHARGE FECOEDING STATIONS IN MINNESCTA BY RIVER BASINS—-Continued
PERICP OF RECORD THROUGH 1939

Statio Count River Tonss T fR d
tion J Duretion L Years O ecor
LAKE SUPERIOR BASINW
Beaver Bay (near) Lake Baptism 12 1928-1939
International Bridge Cook Pigeon 19 1921-1939
Lutsen Cook Ponlar 12 1928-1939
UFPER MISSISSIPPI BASIN
lake Itesca (Mississippi R.) Clearwater Lake Itasce® 7 1933-1939
Libtby (ebove Sandy River) Aitkin Miesiesippi 26 1895-1915, 1925-1928, 1929
Libby (below Sandy River) Aitkin Miseissippi 10 1930.19039
Altkin Aitkin Miesiesippi 3 1929-1931
Fert Ripley (neer) Crow Wing ¥isziseippi 3 1909-1910, 1929
Royalton (near) forrison ¥iseissippi 16 1924-1939
Sartell Renton Migsissippl 1 1929
Sauk Rapids (near) Benton Mississippi Y 1903-1906
Elk River Sherburne Mississippi 25 1915-1939
Anocka Anoks Mississiopi 0 19051913
Anoka (near) Ancke Mississippi 9 1931-1939
St. Paul Remeey Miseissippi 53 1887-1939
Tedersl Dam Case Leech Lake 1 1929
Grand Rapids Itasca Prairie 1 1909
Palisade Aftkin Willow 1 1929
Pine River (below reservoir) Case Pine River 23 1895-1916, 1929
¥imred Wadena Crow Wing 15 1910-191%, 1930-1939
Motley Morrison Crow Wing 8 1909, 1©13-1917, 1930-1931
Pillezer Case Crow Wing _ 6 1903, 1909-1913
Dorset (near) Hubbard Little Send Lakes 10 1930-1939
Gull Leke (reservoir) Cass | Gull 1 1929
Motley (near) Morrison Long Prairie 11 1909-1917, 1930~1931
Fort Ripley (neer) Crow Wing Nokaysippi 1 1929
Royelton Morrison Platte g 1929-1936
St. Cloud (near) Stearns Sauk 16 1909-1013, 1%29-1939
St., Fraencis River (ebove) Sherburne Elk 1 1929
Big Lake (near) Sherburne Tk 16 19111917, 1931-1939
Rockford (near) Wricht Crow 2 1900-1010
Reckford firight Crow 20 1809-1917, 1929-1939
Dayton Anoksg Crow 1 1906
Rockford (near) (South Fork) Wrizht Crow Y 1909-1912
Wealthwood (hesd of Rum River) Aitkin’ Mille Lace Loke+ T 19331939
Onarie Mille Lace Rum Y 1909-1012
Cambridge Isanti Rum 6 1909-161L
S$t, Francis Anoke Rum 1 1903
St, Francis (near) Anoks Rum 11 1026-.1639
Anoka (neer) Anoka B 3 1905-1916, 1909
Swan River (near) Itasca Swan 1 1929
Sandy Lake (below) St, Louis Sandy 2u 1893-1916
LOFER MISSISSIPPI BASIN
Prescott (Wisconsin)2/ Pierce Miseissippi 12 1928.-1939
Winona Winone Mississippi 12 1928-1039
Le Cresse (Wisconsin)2/ La Crosse Missiesippi 1 1629-1939
Welch goodhue Cannon 16 1800-1914%, 1930-1939
Zumbro Falls Wabasha . Zumbro 20 1909..1917, 1929-193¢
Thielman Wabeeha Zumbro 4 19361536
Zurbro Falls Wabasha S5, Branch Zumbro 7 1911-.1°17
Houston (near, below S, Fork) Honsten Root 2 193€-.1939
Houston (near) Houston Root 20 1909-1917, 1929-1939
Hokeh Houston Koot 1 1639
Lenesboro Fillmore N. Root g 1910-1917
Lanesboro Fillmore S. Root 1 1939
Beaver Yinons Whitewater L 1936-1939
Tlba (rear) Winona ¥. Whitewater 1 1939
Altura {neer) Winons Whitewater 1 1939
Beaver Winong Reaver Creek 1 1839
Winona Winone Giimeore Creek 1 1939
ST, CRCIX BASIN
Swiss (Wisconein) Burnett St, Croix 20 191421933
Grentsburg (neer) (Wisconsin)2/ Burnett §t. Croix 17 1923-1939
Rush City (near) Chisago St. Croix 17 1923-1939
St. Croix Falls (near) (Wis,)2/ Polk St, Croix 30 1910-1939
Sandstone (near) Pine Kettle 10 1908-1917
Mora Kanabec Sngke 5 1909..1913
Pine City (near) Pine Snake R 1913-1917
DES MOINES — SKUNK RIVERS BASIN
Jackson (near) Jackson Des Moines 10 1930-1932
Jackson Jackson Des Moines 5 19091913
Heron Lake Jackson Heron Leke Outlet* 10 19%0-1939
Ceylon (Des Moines R,) Martin Tuttle Leke* 10 1930-1939
IOWA ~ CEDER RIVERS BASIN
Austin Mower Cedar 6 1209-191k

* Station located on lake,
1/ selected North Dakote stations ¢n mein stem eand one Menotoba stationm,
2/ Selected Wisconsin stations on main stem,




Seassonal Run-off
Total run-off during the year is of little importance to most human activities,

as compared with the seasonal regimen. This follows more or less the seasonal dis-

tribution of rainfall, although, as was lsarned in the discussion of the hydrologic
cycle, no simple relationship exists between the two, Figure -, which shows the
graphs of daily flow of a number of rivers in Minnesota, illustrates the markedly
seasonal run-off. The need for storage to equalize stream flow is especially evident
in figures -b and -d, TFigure -¢ indicates a distribution of flow that is erratic,
ranging fram flashy flood peaks to extremely lew stages. Great fluctuations depre-
ciate stream value for water power production and other uses. Distinetly seasonal
distributions appear in figures -a, -e, and -f, but here there sre more egualized
flows throughout the year, caused by the greater ground-water flow from a thicker
and more porous glacial moraine and greater surface-water storage in lakes.

Ground Water

Next to soil, ground water is most important to the sucecess of agriculture,

for it has a direct relation to the value and use of farm land. In times of drought,

the flow of surface streams depends upon subsurface water supplies. Virtually the
entire population of Minnesota, except in the larger cities, depends on ground water
for domestic use and water for stock. In 1940 about 93 percent of the public water
supply systems in the State derived from ground- water sources.

Since availability of ground water is closely connected with the geologiec
structure of the State frequent reference should be made in the ensuing discussion
to maps showing the geologic foundations and surface geology of Minnesota (Figures -
and -). Brief general description of various geologic formations are given in

figure -.




Table - summarizes for general consideration the geologic relationships of
underground waters in Minnesota. The various formations can be broadly divided
into (a) loose unconsolidated surface deposits, chiefly glacial drift, which
cover almost the entire State to various depths; (b) "soft rocks", many of which
are water-bearing and which range from Cretaceous to Cambrian in age; and (ec)
"hard rockg" of pre-Cambrian age which contain little water, Figure - shows the

-

areas where hard and scoft rocks occur.

In broad outline, the area of "soft rocks" camprises the southern third
of Minnesota, The division includes 45 counties extending from the northern

boundary of Big Stone, Swift, Kandiyohi, Meeker, Wright, Anoka, and Washington

Counties to the Iowa line, Outside the cities of St. Paul and Minneapolis, about

95 percent of the public water supply and practically all the agricultural supply

is derived from underground waters.l/

;/ Status of information on ground waters in North Dskota, South Dakota and
Minnesota, Report of Sub-committee on Underground Waters of the Upper

Mississippi Drainage Basin Committee "A", National Resources Planning
Board, p. 29, March 1940.
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GEOLOGIC-WATER RELATIONSHIFPS

Feet
Formation Thickness Formation Description Yield Quality

SURFICIAL
Pleistocene to 600 Till, sand, gravel Varizble Variable
(arift)

BED ROCK-~-SOFT
Cretaceocus to 500 Shale, sandstone Variable Some hard, some
soft alkali

Devonian to 300 Limestone, shale Variable

Ordovician
(Maguoketa) 75 - 300 Shale, dolomite None
(Galena, Decorah,
Platteville, etc.) 200=510 Dolomite, limestone Variable
(St. Peter) to 500 Sandstone Large Medium hard
(Prairie du Chien) to 700 Dolomite, sandstone Large Hard
Includes Oneéaota, New Richmond, and Shakopee

Cambrian

(Jordan) to 200 Sandstone Lorge Medium hard
(St., Lawrence) 100=350 Dolomite, silty Small Hard

(Franconia) 70=150 Sandstone, fine, dol. Moderate Medium hard
(Dresbach) 30~-200 Sandstone, white Large Medium hard
(Mt, Simon) to 1000 Sandstone Very large Soft to hard

Age unknown
(Red Clastics) to 2250 Sandstone, shale, red Small Salty

BED ROCK~HARD
Huronian to 7000 Quartzite, slate, etc, Small Soft

Igneous and metamorphic = - - = Granite, gneiss, etc, Very smgll Soft

Adapted from geologic section of Illinois, Iowa, Minnesota, and Wisconsin showing water
bearing quality of formations, compiled by F. T. Thwaites in Unpublished Report on Ground
Water Resources of Mississippi Basin in Illinois, Iowa, Minnesota and Wisconsin, of the
National Resources Board, 1934, :




The "soft rock" area msy be divided into eastern and western sections on the basis
of underlying geclogic formations, "n the eastern part, or the area roughly ex-
tending from the Mississippi River to a line running approximately north and south
through Manketo, the surface deposits are underleid with sedimentary bedrock - sand-
stone, limestone, dolomites, and shales. All of these hold more or less water near
their outerop, but at depths of more than a few hundred feet, shales, limestones,

and dolomites are not important water producers.}/ Coarser grained sandstones yield

;/ Thweites, F. T., Unpublished report on ground water resources of Mississippi
Bagin in Illinois, Iowa, Minnesota, and Wisconsin, National Resources Board,
De 7, 1934,

some water as far down as they have been penetrated by drill. In the western division,
surface deposits are generally underlaid with granites, quartzites, sandstones, lime-
stones, and shales, but there are extensive areas in which grenite is present at re-
letively shallow depths and covered with thick, residual clays, The clays (Cretaceous
shales in figure -) which are derived from granite are relatively impervious o ground
water and in areas where they are present, ground water in appreciable quantity is
present only in surface deposits, In parts of the area sandstone formations yield

adequate supplies of water, while in other parts the yield is small.2/

2/ 1Idem, p. 3l.

Minnespolis - St. Paul Area - The general structure of rocks of the Twin City

Metropoliten Area is like a very flat basin or saucer shaped depression slightly

elongated in a northeast-southwest direction - artesian basin (Figure -). The

aversge dip of beds at the sides of the basin appears to be sbout 20 feet per mile,

while the strata at the bottom are deeidedly flat. ZExposure of formations on the
sides, at the surface, or beneath the glacial drift permits water to seep into

porous sandstone and find its way toward the basin center where it is estimated




it supplies over six hundred artesian wells in the Metropolitan Area. Artesian
wells may be flowing or non-flowing, depending upon pressure and upon depth of
the well above the saturated streta. The Minnesota Geological Survey reports
that the majority of artesien wells do not flow in the Minneapolis - St. Paul eresa.
Both cities obtain their public supplies from the Mississippi River, although
in St. Paul the river water may at times be augmented by a small emount of ground
water. During recent years many concerns have resorted to use of ground water for
industrisl purposes and for air conditioning, and the present rate of increasse in
number or wells for such purposes affords reason for grave concern over the future
of the supply. The estimated aggregate consumption by industries, most of it drawn
from the Jordan sandstone, is about 47 million gallons daily on a year-round basis,

with summer consumption estimated as everaging about 56 million gallons daily.;/

1/ Op. eit., National Resources Plemning Boerd, 1940, p. 32.

This unusually heavy draft on the Jordan sandstone has resulted in a lowering of

the water level at a rate estimasted in 1937 to be at least one foot per year.g/

2/ Fifth report of the Minneapolis-St. Paul Sanitary District for the year
1937, Appendix C.

With an increasing demand for water for air conditioning, the annual draft may
increase even more within the next few years. Professor G, M, Schwartz of the
Minnesota Geclogical Survey regards the demands now being made on Jordan sandstone

waters as very heavy in view of the relatively restricted area of exposure in which

water msy enter t0 Supply the basin (approximately 400 square miles).

Hard Rocks
The "hard rocks" section roughly inecludes the northern two-thirds of Minnesota.

The portion which extends to the eastward from the western boundaries of Koochiching,

Itasca, Crow Wing, Benton, and Sherburne Counties and a line drawn through Cass and




Morrison Counties is for the most part underlaid with crystalline rocks of igneous

origin and by highly metamorphosed sediments in which water in appreciable quantity

is rerely present.l/ Water is commonly obtained from the overlying glacial drift

- . s e e e . el -

1/ Op. cit., National Resources Planning Board, 1940, p. 32.

or from surface-water supplies. The western division, which embraces about the north-

western one-third of the State, is underlaid with sandstones, clays, and crystalline

rocks to depths ranging to several hundred feet. In a report by the National Re-
sources Planning Board conditions were summarized eas follows, "In general the yield
of Wafer from these deposits is adequate for agricultural supplies but much of that
present in the Red River Valley is of very poor quality. In this division as in the
southwestern subdivision, underlying rocks are extensively covered with thick re-
sidual clays which are relatively impervious to water. In such areas ground water

is present only in surface deposits."2/

2/ Op. cit., National Resources Planning Board, 1940, p. 32.

Surficial Deposits

Geologic foundation roéks almost everywhere lie under a heavy mantle of glacial

drift deposited either directly by glacial ice (till) or by waters released by melt-
ing (send, gravel, and clay). A relatively thin layer of fine textured material
(loess) was laid down by wind in extreme southwestern Minnesota eand in a rather
broad belt in southeastern Minnesota (Figure -). Surficial deposits very widely in
water bearing capacity. In general, glaciel drift furnishes abundant water wherever
it contains porous gravel and sandy lenses below the water table and relatively
little where it is clayey. Fortunately, sand and gravel deposits are prevalent in
many localities, particularly in regions of firm rocks where the glacial drift is

stonye Sandy and gravelly outwash deposits are very important sources of water




supply, especially in pre-glaciel valleys. Where the glacial drift is thin or
composed mainly of clay, penetration into underlying rock usually is necessary to
obtain sufficient supplies of water. The same necessity prevails in aress of
loessial deposits, although if they are underlaid with impervious t;ll they may
contain water during humid seasons. Silts and clays laid down in glacial lakes
contain considerable water, but pores are so small that the water yield is too slow
to maeke good wells.

In the Red River Valley, water is obtained from shallow wells in the beach
and delta deposits of glacial ILake Agassiz, from drill wells in the lacustrine
clays and silts, and less commonly from tubular and artesian wells in the drift
and sedimentary bedrock. A water geologist of the National Rescurces Planning
Boerd described the shortcomings of such water supplies: "The shallow sand and
gravel waters are usually good though scanty, the waters of clayey deposits
talkaline', and the deeper artesians-saline. The shallow waters have been greatly

depleted by drought and artesians by waste.l/

2/ .Simpson, H, E., The ground water resources of the United States, p. 5,
1934 (menuscript report in file of National Resources Board).

Conservation

Although ground water is even more important than surface water over much of
Minnesota, its conservation heretofore has largely been neglected. Unnecessary
depletion and conteminstion needs to be stopped, and wherever practicable, princi-

ples of equitable appropriation and beneficial use should be applied. The best

utilization of ground water requires certain basic data not now availeble. The

National Resources Planning Board, in its report g/ of March 1940, recormends that

o

2/ Op. eit., National Resources Planning Board, 1940, pp. 4-5.

a program of research be underteken in the State to include:




Study of the St. Paul-Minneapolis metropolitan area to
determine the safe yield of the water~bearing formations
which would include a study of the consumption of ground
water, precipitation, permeability of agquifers, intake
facilities, chemical quality, pollution, and feasibility
of utilizing uncontaminated waste water for additional
purposes or for ground-water recharge.

Observation, for State as a whole, of fluctuations of water
levels and artesian pressures and a study of the effect of
land drainsge, different methods of cropping, =nd regulation
of lake levels on ground waters,
Study in the northwest area of Minnesota of the economic
feasibility of further development of surface water sup=-
plies to supplement or replace present unsatisfactory
ground water supplies.
Investigstion to ascertain the effect of improper well
construction on leakage and pollution with recommend-
ations for minimum specifications of well construction,
Depletion of underground waters is a complex problem, It is affected by
such factors as farming methods, artificial drainage, deforestatiomn, and climatic
change. Some hydrologists estimate that Minnesota's water table has declined 10
to 20 feet in the past twenty to thirty years (Figure -). Examining these estimsates,
the National Resources Planning Board points out that they do not rest upon accurate

periodic observations and that considering the great variability in fluctuations of

the water tzble and artesisn head found in some other parts of the United States,

it is unwise to draw any conclusions as to whether there is any definite trend in

ground water levels,l/

1/ Op, cit,, National Resources Planning Board, 1940, pp, 33-34,

There is rather widespread popular belief that ground water supplies in
Minnesota are seriously endangered by certain developments of recent years.
Among the menaces cited are the cultivation of lands that formerly supported
growths of grass or timber, the drainage of swamp lands, and wasteful use of
underground supplies., Some geologists and engineers have shared in this alarm,

others have not, The water table it is agreed, will be permanently lowered if




infiltration has been decreased or transpiration or evaporation increased through
changes in type or amount of vegetative cover. The effect of these changes upon
the ground water supply will remain a moot question until further study is made of

the intriecate relations involved in the hydrologic cycle. The Report of the Missis-

sippi Valley Committe holds that in the border zone (which includes western Minnesota)

between the semi-arid and humid regions, the change from grass to crop appears to
have reduced infiltration and increased transpiration to such an extent as to diminish

the supply of water available to maintain the water table,l/

- ——— - - - - L ——

1/ Report of the Mississippi Valley Committee of the Public Works Administrationm,
p. 117, 1934,

- - s - — s . - e o ~—

The belief that the present low water table is a temporary condition, due to a
cyclical reduction in rainfall, finds some substantiation in recent records of water
table flucbuations in drought areas of the Mississippi Valley. They show, for in-r
stance, that the water table msde a marked recovery in 1935, after the drought of
1934, and that although part of the recovery was subsequently lost (1938) the water
levels in observation wells in at least parts of the region were higher on September

1, 1936, than they were in September l934.§y This viewpoint perhaps should be

—— e .- - . a— -

g/ Data in unpublished records in files of U. S. Geological Survey,
Wﬂﬂhington, Do c.

- . -~ - - e

qualified as to Minnesota, where widespread artificial drainage may have permansntly
disturbed the natural balance. That some relation exists between precipitation
totals and the fluctuations in ground water levels thers can be no doubt, expecially
when a deficiency in precipitation continues over a long period. There is, however,
essentially no basic information in regard to the nature of fluctuations of the

water table in Minnesota or the factors that produce them.




In certain non-drought areas the water table hss been seriously lowered and
artesian pressures in underground reservoirs reduced by heavy withdrawals of ground
water for municipal and commercial uses. In parts of southeastern Minnesota it
seems quite evident that the draft on water-bearing beds exceeds their natural
capacity to yield water without eventual depletion. The only apparent way to pre-
vent permanent overdraft is to reduce the pumpage from gquifers by supplementing
or replacing sub-surface sources,

Recession of lake levels in recent years within and surrounding the Minneapolis-
St. Paul metropolitan area, including those of such bodies of water as Bald Eagle
and White Bear lake in Ramsey County and Lake Minnetonka in Hemnepin County and
possibly even the Chisago chain of lekes in Chisago county, was very likely due in

past at least to overdrafts upon underground supplies of the artesian basin. The

gradual lowering of artesian levels, in itself a sufficient cause for concern, has

been particularly disturbing in recent years in view of the limited surface water
at times available in rivers during periods of peak demand.,

Many experiments are being conducted throughout the county to find whether it
is possible t0 inecrease the supply of ground water in storage by: (1) Control and
inerease of direct infiltration from rainfell by metheds involved in the processes
of soil conservation suech as contour plowing and fall plowing. (2) Constructing
check dgms to hold flood water for a time and give it an opportunity to sink under-
ground. (3) Spreading flood water on selected areas where conditions are favorable
for rapid infiltration. (4) Introduction of flood water into wells, marshes, peat
bogs, and lakes,

Quality Of Water

The purest natural form of water is rain. As soon as it falls on the earth,

however, it begins to accumulate impurities. Any inerease in the volume of impurities

as a result of human ectivities is known as pollution. Fortunately, impurities in




limited amount do not usually render water harmful for domestic or industrial use,
nor are they even unpleasant to the taste, Water which is suitable for drinking
(potable waters) may not be satisfactory for domestic uses, or for manufacturing
and steam generation, Information about the quality of water supplies is of utmost
importance to the location of many industrial plants and to individusl homeseekers.
Chief impurities in water are:

Calcium And Magnesium

Water containing over 60 parts per million of calcium and magnesium sulphates
and carbonates classifies 28 hard. If it has more than 120 parts per million it
is inferior for domestic use and unsestisfactory for most manufacturing purposes.
Hard water requires more soap to produce a lather and deposits of mineral salts
form when it is heated or evaporated. In areas of high calecium =nd magnesium
content, artificial softening is needed, as well as special steam boiler equipment

to prevent boiler scale. Figure « shows the geographic distribution of ground

water according to hardness, Of the 403 communities for which analyses for harde

ness are available, 360 have surface or ground water supplies with 120 parts per
million or over (includes treated water supplies) and 308 have supplies with an
excess of 200 parts per million, Surface waters of Minnesota, except in the
northern and northeastern sections, generally contain more than 120 parts per
million,

Iron And Manganese

In numerous places in Minnesota both iron and mangenese are dissolved in
water in sufficient quantity to be objectionable. Three~tenths of one part of
either per million may affect the taste and even stain the porcelain of plumbing
fixtures, A great many Minnesota cities and villages have water supplies carry-

ing excessive guantities of iron, Of 365 cities and villages for which analyses




for iron are availsble, the public water supply in 217 cases carries more than
five-tenths of one part per million and in 153 cases more than one part per
million. Figure - shows the reported analyses of iron content in public water

supplies in Minnesota,

Of 230 cities and villeges for which an=alyses for manganese are available,

23 have water supplies with more than five-tenths of one part per million, or
enough to cause accumulation in water pipes. Excessive manganese in water is
exceedingly troublesome in laundry work and is particularly deleterious in manu-
facturing operations which involve a pulping process.

Suspended Matter

All rivers contain varying smounts of organic or inorganic suspended matter,
since the primary geologicsl functions of rivers are erosion and transportetion
of sediment. Underground waters usually contain a higher ratio of soluble to
suspended matter than surface waters. Public supplies served to customers are

generally free from noticable suspended matter (also called turbidity).
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WATER USE AND CONTINGENT PROBLEMS
Mien and Nature must work hand in hend. The throwing out of balance of
the resources of nature throws out of balance slso the lives of men"
Franklin D. Roosevelt

Floods

Floods occur ordinsrily when water derived from run-off and underground sources

spreads beyond the constraining banks of stresm channels. A flood may therefore be

defined as relatively large amount® of water temporarily out of place. The usual
cause of a f£lood is rapid and excessive run-off from heavy precipitation. Other
causes of floods, primary or contributory, may be dam failures, ice or timber ob-
structions, and gales along the shores of large bodies of water. In a river, the
first few feet of rise above flood stage occasions little damage to life or propertye.
It is when the volume of flow greatly exceeds the carrying capacity of a stream

bed, that a flood becomes a rampaging agent of destruction.

Minnesota, as a headwater state, does not often experience floods of dis-
astrous proportions. The problem is nevertheless an essential element in the
States program of water control, for losses from stream overflow are frequent and,
in the aggregate, important. Much of the damege, moreover, is economically
preventable. Records of £100d damage are too fragmentary to permit full and
accurate analysis, and losses about which nothing is ever said or recorded aggre-
gates many thousands of dollars annually. Data which indicate areas and extent
of flooding cannot be obtained in sufficiently comprehensive form either, to allow

an exact picture of conditions,




Damage from floods appears to be on the increase, due to the progressive
weakening of natural reservoirs which level out the run-off peak. Forests have
been cut, swamp lands drained, grasslands cultivated, soil absorbency decreased.
Worse still, silt from eroded land has accumulated in river beds to make exXcess
flow increasingly ummansgesble., Man is largely to blame for this and he persists
for economiec reasons in living in areas, such as on the flood pleins of rivers,
which are particularly subject to floodss

Floods in Minnesota may be classified under two general types: (1) those

caused by excessive run-off resulting from a combination of frozen ground that

prevents sink in, heavy rainfall and/or melting of large accumulations of snow

(snow retarded in melting by a heavy forest cover is often carried off by April
rains and thereby contributes materially to flood flows), and usually occurring
in early spring (last of Merch and in April); and (2) those caused by excessive
rainfall occurring coincident with the late spring and early summer rainfall
maximm (last of May end in June). Heavy rains of the e¢loudburst type, however,
may cause considersble flood demage in limited areas at any time during the summer.
Floods in eerly spring constitute normal natural events in rivers which flow
through fairly well defined valleys. If climatic conditions do not favor ex-
tremes in run-off, or if ice jsms do not form in the rivers, those floods are
usually not destructive and may even be helpful, promoting as they do the storage
of water in natural and ertificiasl reservoirs for use later in the season. The
following brief accounts of damaging spring floods for recent years are excerpts
from "Climstological Data", a monthly publication of the U. S, Weather Bureau.

L]

1939 Floods occurred in tributary streams below Hastings Dam.
Lowlends in southeastern counties were inundated with
damage estimated at $25,000. At Anoke the Rum River over-
flowed its banks causing some damage.




During April, heavy rains caused flood damage at Brainerd

and vieinity estimated at $27,000. Damages in Aitkin County

were placed at $12,100 and in vicinity of Hastings and Jordan

at $157,135. April and May reins caused a number of streams

in north central and southeastern counties to overflow their
banks., Crop losses confined principally to meadows and low-
lends smounted to $55,000. lMajor damage was to highways along
the rivers or those erossing lowlands and is placed at $1,000,000.

Rapid melting of snows in southeastern Minnesota csused minor
£lood damage in Houston County. Flood damage in April to tangi-
ble property in extreme southwestern counties was estimated at
$30,000.

Rapid melting of a deep snow layer in southern Minnesota re-

sulted in a number of rivers and ereeks overflowing their
banks. Vast areas of lowlends were inundated with dsmage

estimated at $39,100. Yelting snows in April esused consider-

esble gdditionsl flood damege at Ads and vieinityv.

19%4 Tn April considersble demsge from floods occurred in extreme
southeastern counties bordering on the lMississippi River.

Generally more serious in Minnesota, because crops by then are subject to
> or summer floods whieh follow heavy and recurring
downpours.
narrow and steen-gsided velleys or in exceptionally flat valleys where a com=-
peratively small rise of the river results in the inundation of surrounding
areas. Floods of the steep-sided valley type, known as "gully washers," are
typicel in tributaries of the Mississippi in southeastern Minnesota. The more
extensive shallow-vglley type cccurs at times in watersheds of the Red River
and the Minnesota and slong the upper Mississippi where it drains expanses of

gleeial ocutwash or glacisl lake beds, The following brief accounts of dam

late spring or summer floods for recent years are also excerpts

cal Data"s monthly publication of the U. S. Weather Bureau.

1937 IExcessive rains at Chaska in May caused flood demage estimated
at $145,000. Flood demage in June was estimated at $19,000 in
extreme south central counties, Damages from floods caused
mostly by heavy rains in July, resulted in a loss estimated at
over $2,000,000 in Lake of the Woods, Pennington, Roseau, Beltrami,
Marshall, Red Leke, end Clearwater Counties.




Heavy rains in May caused small flood damage near Aitkin.

Heavy thunderstorms in May in the vieinity of Bird Island

end Belle Plaine caused flood dsmege estimated at $#33,500.
During August unusually heavy rains occurring in the vicinity
of Iéjﬁueur, Cwatonna, southern Big Stone County, and southern
Stearns County caused flood damages to property and growing

crops estimated at $228,500.

Heavy rainfalls in September occasioned a rapid rise in rivers
with some overflowing their banks. Flood demage in September
estimated at over $12,740.

During May excessive rainfall accompanied a severe wind and

heil storm at Princeton, Mille Lacs County which flooded

basements and low places and caused some washouts. Unusually
heavy rains in September in the extreme southwestern counties
caused several smell rivers to overflow their banks. The flood
demege prineipally in Rock, Nobles, Pipestone, and Murray Counties
was estimated at $116,000, mostly to tangible property.

ren above show that damaging floods oceur almost every year. To in-
dicate flood frequencies of various magnitude, histograms of flood frequencies
for the Mississippi, Minnesota, Red, Red Lake and St. Croix Rivers were graphed

(Figure -) from flood records in a recent Water Supply Paperﬂé/ In analyzing and

1/ Jarvis, C. S., and otherg, Floods in the United States; U. S. Ceol. Survey
later Supply Paper 771, 1936.

interpreting flood records for this report the U. S. Geological Survey deeided

that the daily (average) flood pesks above some selected base afforded the most
practicable and useful basis of recording flood data.2/ The base discharge, or

the lower limit for selection of flood discharges, ordinarily comprised the minimum
annual flood.g/ Where the minimum annual flood proved unsatisfactory for a base
discherge, all annusl floods (maximum) for the period of record based on both the

calender year and the record year (October to September) were recorded.
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Flood data may be collected on the basis either of maximum daily average dis-
charge or of momentary peak discharge for each flood rise, but in practice the
former is generally used, because of its uniform availability. Ordinarily, the
item of record is the average discharge for a 24-hour period, generally taken
as a calendar day, midnight to midnight.

Annual flood is the maximum daily aversge flow occurring during 12 consecutive
months. The yvear extends from October 1 to September 30,
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Flood analysis requires the study of all the records available on the particu-
ler stream in question. If no scientific date are aveilable, the mistake should not
be made of using the discharge history of a neighboring drainage course as an absolute
guide. Rach river presents its own problems, and the treatment accorded 2 nearby
stream or system may or may not be spplicable. Physicel conditions affecting floods
in any watershed are precipitation charascteristies, run-off features, topography,
river orientation, drainsge basin shape, soil and rock conditions, depression storsge,
vegetetion, and physiography. The primary determinent, however, is the intensity,
duration, and extent of flood produeing reins. Figurés -y =y =y =y =y =y =, 8N4 =
ghow some of the water control factors for the various drainage basins in Minnesota.
Figure - shows the areas of most serious locsl floods. The map indicates location
only, not the extent of the areas affected.

The only serious flood problem along the Mississippi above St. Paul exists near

Aitkin where channel capacity is insufficient to carry meximum flow. The area damaged

may range from 2,500 acres at a 10-foot flood stege to 30,000 acres if the flood

reaches the highest stage of 17 feet. Such flooding occurs about once in three years.

Plans for flood correction at this point as devised by the Engineer Corps, United
States Army, require an estimated expenditure of 1,000,000 which is not considered

economically justifiable.}/ The reforestation progrem of the State Division of Forestry

}/ Unpublished reports concerning drainsge basins within Minnesota or Minnesota
region, National Resources Committee, 1936, Manuscript on file at Minnesota
Resources Conmission.

in Aitkin County has as one objective the reduction of flood flows by retarding

surface run-off in the viecinity.




Tributary streams of the Mississippi below St. Paul, being rather flashy in

cheracter due to steep slopes, narrow valleys, and scarcity of natural or arti-

ficial storsge, inflict periodic flood damage to crop lands, urban property, rail-

ways and highways. The ratio of length to width of the areas damaged by floods
in this locality makes flood correction by levee and channel straightening very
expensive, It msy be §OSsible at some future time to establish an econcmically
sound system of flood control through storage, as part of a multi-purpose flow

correction program.

The frequency of dsmaging floods in the Minnesota River Valley is slightly
more than one in three years., As far back as 1908, the Federal Government and the
State made surveys and investigations for control of floods and improvement of navi-
gation on the Minnesota by construttion of a dam at the foot of ILac Qui Parle Iake,
Three great floods in 1919 spurred public interest and a comprehensive flood control
plan was devised, but efforts to carry out the project under State laws failed.

The same plans, somewhat modified in the light of kmowledge gained during the
drouth years, were used in construction of the present project under the Works
Progress ;dministration.

The plan of operation involves diversion of the Chippewa and Lac¢ Qui Parle
Rivers,in combination with a system of water conservation and flood control in the
Mersh Iaeke and Lac Qui Parle reservoirs. All land needed for the project (about
23,000 acres costing the State approximately $700,000) have been acquired, and all
the hydresulic structures, such as dams, control weirs, diversion channels, and
dikes.are built, but because several smaller essentisl units have never been com-
pleted, the vast project remains inoperative. Until funds can be made available

to complete these units, particularly the raising of the Great Northern Railway




tracks where they cross the pool west of Appleton, the project cannot operate,

and the money already invested will fail to produce the beneficial results origin-

ally in view.l/

1/ For additionel data concerning the Lac Qui Parle Project the reader is
referred to the Status Report on the Iac Qui Parle Flood Control Project,

Division of Drainsge and Waters, Minnesota Department of Conservation,
Mareh 1, 1940,

Diversion works have been completed on the Wheistone River. Originally this

streem emptied into Big Stone Iake, but long ago it was diverted to join the

Vinnesota just below the Iake. Flash floods in the new course made it necessary
to turn the streem back into its o0ld channel. As the State allotted no money to
buy flowage rights on Big Stone Lake or on the Minnesota River below the Lake the
entire project is nmow virtually ineffective. Conflicting interests of farmers,
resort owners, and recreation interests along lekes and rivers must here be com-
promised with the water interests of the valley below, if the project is to ac-
complish its original purpose of flood correction through regulated storsge.

The lake Traverse-Bois de Sioux flood control and water conservation project
now under construction by the Corps of Engineers, U. S. Army, will effectively
reduce most flood stages along the Bois de Sioux and alleviate flood conditions
on the Red River below Fargo., In 1892, a Minneapolis Swedish newspaper first
sugegested constructicn of a dam on Iake Traverse to store and control spring
floods. Mot until 1941, almost a half century later, was the White Rock deam,

a main unit of the Tri-State project, finally built across the valley in the

drea originally suggested by the newspeper. It is estimated the reservoir created

by White Rock dam and control structure which extends 14,400 feet will cover 23,000

acres of land, Other units of the project are the Reservation dam and control




at the north end of Lake Traverse proper, the Browns Valley levee, and the Bois

de Sioux River channel improvement. Now under consideration by the War Department
is a proposal to divert the excess waters of the Little Minnesota River, normally
emptying into Big Stone Lake, to the Iake Traverse reservoir.

A Red lLake River improvement project has long been urged by local interests
and by the Division of Drainage and Waters of the Minnesota Department of Conserv-
ation. An apprecieble part of the cost of regulating stream flow would be offset
by the benefits of flood alleviation. The project was approved for investigation
and report in the Federal Flood Control Act of 1939, A report by the Corps of
Engineers, U. S. Army, is now under preparation.

A proposed Roseau flood control project, also investigated under the 1938 act,
was not approved on the ground that the cost would exceed the benefits to be derived,
The Division of Drainage and Waters is prepering to appeal from these findings and

to request that the project be referred back to the Corps of Engineers for further

Study.y
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}/ Report of the Commissioner of the Department of Conservation: Statistical
report for biennium ending June 30, 1940, p. 39, December 1940.
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Txisting flood control works are widely scattered throughout the various besins
in Minnesota. They vary greatly in nature and in the degree of protection given
(Figure =, =, =, =, =, =, =, @nd =). In most instances protective works are the
result of coordinated plans covering an entire river basin. In early years, however,

there was a good deal of hap-hazard development, with little regerd for a unified

system of control end use of water. Floods may always be controlled, but the bene-

fits derivable do not always justify the cost.




Floods may be controlled through retarding or storage basins, diversion
channels, stream channel improvements, and by the construction of levees and em=
bankments. Measures to retard surface run-off are also important., The logieal

and proper method of control is to limit the quantity of water reaching the stream

to the discharge capacity of its chanmmel. This is accomplished by means of natural

retardation or storage basins., The most effective protection is generslly secured

not through any single method, but by a combination of several.

WATER SUFPLY AND SANITATION
The Supply*
Hygieniec living requires an abundant supply of good, clean water. "To be satis-
factory for drinking, culinary, and other purposes', the Division of Sanitation of
the Minnesota Department of Health asserts, "water should be incapable of céusing dis-
comfort or disease, and should be clear, free or practically free from odor or color,

pleasant to the taste, and devoid of toxic salts or an excessive amount of dissolved

mineral substances",l/
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1/ Small water supplies and sewerage systems, Minnesota Department of Health,
Division of Sanitation, 1938.

Because water mey become a vector in transmission of typhus and other water-
borne diseasse, maintenance of safe water supplies has for a great many years claimed
the attention of public health authorities. In 1908.§¢yphoid epidemic involving a
public water supply, was responsible for 511 cases and 35 deaths, and it is estimated

that this epidemic alone cost the community in which it ocecurred about $350,000.2/

2/ Report of the Cormittee on Public Health t0 the Minnesota State Planning Board,
November 1934. ¢ ¢
The statistical data on public water supplies in Minnesota were compiled in 1940
and related to the populstion conditions of 1930 since the census of populstion
of 1940 head not been completed. Current conditions are insufficiently different
to warrant the expenditures required to re-compile and re-illustrate this information.




Figure - shows the decline in typhoid fever rate in Minnesota.

supplies was largely responsible for the drsmatic decrease in typhoid fever up to
1915. Since then only a few minor outbreaks have been traceable to contaminated
water. Unsafe water is still in use, however, especially in smaller muniecipalities,
in institutions, and on farms, although Minnesota ranks above the average State in
this regard.

, and -, indicate the source of supply for all in-
corporated municipslities heving water-works, and the manner of treatment as of
Tenuary 1940. Table - recapitulates this information with respect to percentage
of population served by public water supplies. Table - shows the relation of source
and treatment of water supplies to size of ecummmnity. 1% should be noted that all
population figures given are from the U. S. Census Reports on Population for 1930.

Approximately three-fifths of the total population of Minnesota is served by
community water systems, according to data obtained from the Division of Sanitation
of the State Department of Health, There are 444 water-works, serving 452 communi-
ties with central supply and distribution facilities. Privete utility companies
own only 12 of the 444 water-works and supply less than 2 percent of the population
served. Two of the water-~works are: jointly owned, private companies supplying the

water under contract through comminity-owned systemse.

Systems depending upon ground water as a source of supply number 413 and those

depending upon surface supplies from lskes and stresms only 27. Four others use

both surface and ground weter. MNunicipalities depending upon ground water number
413 while surface supplies from lakes and streams serve 35. The latter include
the largest cities and contein about 60 percent of the population;

Minnesota's municipalities, or 36 percent of the entire population

In addition there are four communities with a total population of

both on surfsce and ground waters.




PURLIC WATFR SUPPLIFS IN MINNESOTA, JANUARY 15404

{ ’ Incorporated ﬁunié?ialities Incerporated Municipalities
Clessification | Incorporated Municipalities | SEv Havi?g Public Water Supplies : ; Not Having Public Water Suppliees
G » e€rcent 0 Percent of . 3 &
Nurber { Population Number Povulation Percent of Percent o
e | P Moo £548 toted amber | P08 |gchad poputation _Lf“f_‘“_‘.’_’,‘ff_____T.o.z,g,_l.,mzmpsa[ffpf‘ lation | motel Population
Urban
Cities over 100,000 3 g37,h25 3 100 837,425 100 - . 7 ”
Cities of 20,000 to 100,000 3 62,471 3 100 f2,u71 100 o " % i
Cities of 10,000 to 20,000 g 97,109 g 100 97,109 100 - - a -
Cities of 5,000 to 10,000 18 123,500 18 100 123,500 100 - - - -
Cities and towne of 2,500 to 5,000 , 1 137,111 11 10 137,11% 100 = - - -
Rursl
Places of 1,000 te 2,500 93 135,139 90 %6, 17 130, A0L 96, 64 3 3.23 h,535 3.36
Places of 500 to 1,000 143 99,166 135 9, 41 9k, 611 95.12 g 5459 L, 855 Y, 88
Pleces under 500 419 105, Th2 148 35.32 47,282 uk, 72 gn 64,68 58, 45l 55, 28
Total all incorporated municivalities 728 1,597,963 LL6 61,26 1,530,119 95 2ga 3g, Th 67,81k Y,25

& Does not include gix unincornorsted municeipslities which have public weter supplies,
Source: Ccwpiled from data obteined from Division of Sanitation, Minnescte Depsriment of Heelth.
Notes Populetion stetistice are from the Census of Population, 193C.




SOURCE AND TEWATMENT OF COMMUNITY WATER SUPPLI®S IN MINYESOTA, JANUARY 19404

i e e Ll e AL AHH 4 AN - B PSR
Scurce | Cities ] Cities of Cities of ' Cities of Cities and { Places of Places of Places ; Tota 1l
| Over 20,000 to 10,000 to | 5,000 to | Towns of { 1,000 to KOO to Under i
5 | 100,000 100,000 | 20,000 | 10,000 _| 2,500 to 5,000 | 2,500 1,000 500
Municipalities Having Wells
Treatment
Nunber : A - : Y 5 11 5 L 34
Population - - 62,057 29,733 16,996 19,399 3,530 1,552 133,267
No Treatment
Nurber - 2 3 6 26 69 118 138 362
Municipalities Heving Surface Water Supplies
Treatment
Number 3 1 - 1 7 3 7 3 31
Population 837,25 21,000 - 45,52¢C 25,618 5,127 5,627 1,04k 941,361
No Treatment
Nunber = 4 - s = 1 1 E 3
Population - - - - - 1,801 Bk 21k 2,529
Municipalities Having Springs or Infiltration
Treztment
Number - - e - 1 = 1 “ 2
Population ' - = - - 2,552 - 618 - : 3,170
Yo Trestment ' !
Number - e ” . = cL ﬁ ‘1 |
Population - = - - - 6,160 1,296 291 7,747
Municipalities Having Both Wells ang Sprinss
Trestment
Number 14 o i = 24 % = = =
Populetion - ™ = = = > = G %
No Treatment . i 5 3
Number * & = » v
Population - - - 1,173 B - 756 358 8,287
Municipelities Heving Surface Water and Wells
Treatment
Number - - - - 2 1 - - 3
Population - ~ . - 5.92¢ 1,386 - " 7,314
Ne Trestment
Number o s i = e - = 1 j-
Fopulation - i = = = < 5 = i
Municipalities Heving Wells not Treated and Surface Water Treated
Number - - - - - 1 - - 1
Population - - - = - 1,155 - - i B
Muniecipalities Not Having Public Water Supply Systems
Number ] - - e = . 3 g 27N 282
Population - = - = = L"l 535 u: 855 58,“5‘4 67: 8}*)4
All Incorporated Municipalities
Furber 3 3 % 18 U1 93 143 119 78
Povulation 837,u25 62,471 97,109 123,500 137,111 135,139 99, 466 105, 742 1,597,963

L Does not include six unincorporated municipalities which have public water supplies, Five depend on ground water supplies and one on surface water,
Yote: Poomlstion statisties are from the Census of Povulationy 1030, ]
Source: Compliled from date obteined from Divisien of Saritetion, Minnesota Dewrtment of Health,




Table - reveals further that the water used by 71 percemt of the 1,530,119
people livimg im imcorporated mumicipalities with publie and private water systems
is treated for protection of health or improvement of quality, or both, Figure -
shows the percent of the municipal population living in incorporated communities

of various size classifications having public water supplies and the percent having

treated water supplies. Chlorination is practiced at only 44 plants of the 444 now

in operation. TFiltration facilities exist in 39 plants, but none are of the slow
sand type.

According to table -, three of the 93 incorporated municipalities with a POpU=
lation greater than one thousand have no central water supplies, while of the 143
towns with populations between five hundred and one thousand, 135, or nearly 95
percent, are served with central water supplies. Of the 419 communities below five
hundred, 148, or sbout 35 percent, have central watgr supplies. Study of figure -
reveals an apparent need for additional treatment plants.

It is estimated that in rural and outlying urben distriets of Minnesota there
are about 200,000 private water supply systems. The water in nearly éll these
cases is obtained from underground sources, generally free from contamination.
Certain principles of location, construction, and operstion must be adhered to,
however, in order to prevent pollution or contemination.

.Investigation of water supplies by the State Department of Health in cooper-
ation with local officials is constantly reducing the number of unsatisfactory
installations and improving their operation. About half of the 452 cities and
villages, in January 1940, had supplies that met the rigid standards of the State

Health. Since the water in most of the large munieipalities in the

these demands, satisfactory water supplies are now available to more




than 80 percent of the residents of cities and villages and to the large number

people who travel about and visit them.l/
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1/ Op. eit., Minnesota State Planning Board, p. 50.

D G S ALY O SR L S S P N S TSI SIS pAut TSR PR S s

Sewage Disposall

Essential though water is to life of all kinds, it can also be the agent of
death and disease, If polluted by dirt, filth, sewage or industrial waste and sub-
sequently untreated, it is dangerous for drinking and even for bathing. Not only
does water pollution endanger public health; it also lowers real estate values,
with consequent reduction in tax revenues. ' St. Paul and Minneapolis alone suffered
about $2,000,000 in reduced property values from this cause before the Twin City
sewage disposal plant was installed. Furthermore, pollution may ruin present and
potential recreational areas, kill fish and water fowl, and destroy natural beauty,
thus driving the well-to-do farther and farther into primitive areas in search of

playgrounds, while at the same time depriving poorer families of access to safe and

adequate water recreation facilities., Minnesota's recreation loss through pollution

runs into hundreds of thousands of dollars.

Pigures -, -, -, -, -, -, =, and - reveal the location of municipalities served
with sewage treatment plants as of January 1940, It will be noted that several maps
show municipalities with plants under construction. Figure - illustrates the growth
of municipal sewage treatment in Minnesota., Especially noteworthy is the increase
in sewage disposal during recent years.

Figure - shows the percent of population living in municipalities which have

sanitary sewers and sswage treatment plants. The population statisties used here

L The statistical data on sewage disposal in Minnesota were compiled in 1940 and
related to the population conditions of 1930 since the census of population of
1940 had not been completed. Current conditions are insufficiently different
to warrant the expenditures required to re-compile and re-illustrate this in-
formation,




=)

are also from the U, S, Census Reports on Population for 1930, Practically all
of the municipalities in Minnesota with a population of 1,000 or more have com-
prehensive sewer systems, as have many of even the smaller towns. TIn sewage
treatment, municipalities with a population from 5,000 to 10,000 have not kept
pace with the smaller communities in the 1,000-5,000 class. This condition can
probaebly be ascribed to the location of larger municipalities on main inland
streems where year-around water is available for dilution; moreover, disposal
systems in the larger communities date back to a time when little thought was
given to sewage treatment.

Of the 728 incorporated municipelities in the State only 200 have any sort

of sewage treatment (JTanuary 19403.}/ Approximately 80 percent of the total popu-

l/ Total includes municipelities with sewage treatment plants under construction.

lation in the 728 communities, however, is serviced by these treatment plants
(Teble -). There are also 28 institutional sewage treatment systems. Of the 200

municipal treatment plentg, 108 have been instelled since 1927, when more intensive
investigation of stream and lake pollution problems began. During the same pericd,
major improvements were made on 14 other plants, In 1939, 41 of the 108 municipsl
sewage treatment plants were constructed or the beginnings made on their erection,
and plans and specifications were approved by the State Board of Health on 9 other
plents. Especially significant are the improvements of the last few years because
they include sewage treatment for some of the largest municipalities in the State,

.

ineluding Minneapolis, St+ Paul, and Duluth.




NCOEPOR.LTTD PLACES IN MINNESOTA BAVING SANITARY STITES AND SEWAGE TRTATMFNT PLANTS
BY POPULATION GFCUPS
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T
Incorporated | avine Sanitary Sewers | Withgg§_§g§}?a_% Sewers : i o Tresting Sewege
1 g g 1 -y o < AT
Clagéification . Munloipalitlos ; | Percent , | Percent T Percent , Percent of Pop-
. No, Population | No, | Population | of Total No, | Population ’ of Total No., { Populatien of Total | ulation Having
I | i Population | | Population | Population | Sanitery Sewers
Urban
Cities over 10C,C00 ? g37,lu2% 3 837,428 100,00 - - - 3 g37,h25 100,00 100,00
Cities of 20,000 to 100,000 3 62,171 3 62,4 100, 00 & - - 3 62,471 100. 00 100, 00
Cities of 10,000 to 20,000 g 97,109 8 97,109 1€0, 00 - - - 6 70, 30U 72,40 72,40
Cities of 5,000 to 1C,000 1€ 123,500 18 123,500 100.00 - - - 10 70,151 £6.80 56,80
Citiee and Towrns, 2,500 to 5,000 Y3 137,111 39 129,057 gL, 13 2 8,084 5,87 30 97,375 71.02 75. 45
Rural
Places of 1,000 to 2,500 93 135,139 28 127,951 Qli, 68 5 7,128 5,32 59 gl, ool 62,83 66,36
Places of 500 to 1,000 1h3 99, 466 101 73, 709 74,13 u2 25, 727 25.87 K6 ug, 628 uE.J, 66.03
Places under 500 U9 105, 742 46 16,258 15,38 373 g9, gy g4, 62 23 8,137 7,98 51,89
Total 728 1,557,963 306 1,467,510 91,84 422 130,453 2,16 200 1,279, 755 80.09 87.21

Note: Includes municipalities with sewaze treatment plante under comstruction as of Jenuary 1, 1940,
Scurce; Compiled from Reports of Minnesota Department of Heelth, Division of Sanitation,




Pollution

Pollution of lskes and stresms may occur from either natural or artifieial
causes. Natural pollution may result from objectionable organic or inorganie
material washed in by run-off from forest and agricultural lands. Artificisl pol-
lution is the result mainly of sewage from cities and villages, ehemical solutions
and waste from industrial plants or mines, and filthy surface drasinage from densely
settled land., Wells and underground waters may be polluted by cesspools and barn-
yards, and unprotected well openings and springs tainted by surface wash and by
cattle. Some industrisl wastes are from 10 to 100 times stronger than domestic

gsewage in their ability to deplste oxygen in a lake or streamag/

}/ Whittaker, H, A.,, Lake and stream pollution, The Conservation Volunteer, vol. 1,
no., 5, pp. 29-32, February 1941.

Fortunately, water will purify itself if not polluted beyond the capacity of
free oxygen in the water to oxidize wastes and change them into harmless compounds,
There is a limit, however, to the smount of filth that can be naturally disposed of
even by a large snd swiff stream. Furthermore, it is possible so to contaminate
waters as to render the most elsborate processes of water treatment ineffective.
Obviously, therefore, definite restrictions must be imposed to safeguard the publie
against defilement of water. Involved in this are such matters as the ascertainment
of the source, quantity and quality of sewage and wastes, determination of the damage
done to lskes and streams, equitable distribution of abatement costs among beneficia-
ries, regulation of stream flow, and adoption of protective legislstion.

The menace of pollution became really alarming in the recent drouth years, when

reduced stream flow literally converted some rivers into open sewers. In the Red

River Valley, the problem began years before the intensified drouth conditions of the

1930's. Throughout the subnormal rainfall period of the 1920's, the general decrease
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