
The winter blizzards and spring floods of 1997 have been
among the worst in history. Snowfall records were broken across
the state, setting the foundation for flooding, at times, of
historical proportions. John McCormick of Newsweek Magazine
summed up our most recent weather season most appropriately,
ÒOn the northern plains, nature is less an enemy than a sparring
partner, trading rounds in a grudge bout that never ends.Ó

The North Dakota floods of 1997 were felt across the state.
In the southwest, rapid snowmelt runoff and ice jams caused
flooding the weekend of March 21-23 along the Cannonball,
Knife, and Heart Rivers and their tributaries. This flooding
forced the evacuation of more than 200 families in Hettinger,
Mercer, Morton, and Sioux Counties.

In eastern North Dakota, disastrous overland flooding
inundated homes and communities, caused massive power
outages, disrupted water, sewage, and electrical services, blocked major
transportation arteries, and caused the evacuation of over 50,000 people
in the Fargo and Grand Forks areas.

In Devils Lake, water has risen above the record 1830 water level of
1441 above mean sea level (amsl). The lake now stands at an elevation of
1442.2 amsl. Major transportation routes have been temporarily closed
throughout the basin and agricultural land continues to be inundated
throughout the region.

This publication is not intended to be a
definitive text on the impacts of flooding in North
Dakota. Rather, it is an overview designed to
provide insight into the causes of the flood, to
explain modern monitoring and forecasting
processes, to provide information of local, state,
and federal organizations involved, and to explore
the long-term effects of the flood on future
decision-making. By working in partnership
together, North Dakota will recover from this
disastrous flooding to fight another day.
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On any given year there is
likely to be spring flooding in
North Dakota. However, in
no single year on record has
the state witnessed floods
equal to the magnitude of
those in 1997. Record or near
record water levels were
recorded in all areas of
the state and on almost
every river system.
Statewide flooding
resulted in a Presiden-
tial Disaster Declara-
tion for all 53 counties.

INTRODUCTION
Flooding in the Red River
Valley alone caused the
evacuation of over 50,000
residents, resulting in
disaster housing assistance
for over 20,000 residents at a
cost of over $35.6 million.
The Small Business Adminis-

Flooding and Blizzard General Impacts
as of May 1997

More than 33,800 residents registered for assistance.

1,118 applications for $1.8 million in approved grants from the
Individual and Family Grant Program

20,536 disaster housing assistance checks have been issued
totaling $34.6 million.

FEMA has paid $2 million to state and local governments for
emergency services, flood-fighting, and debris removal.

The Small Business Administration has received 7,907 loan
applications. Of these, 3,368 have been approved for a total
of $70 million in loans.

Temporary housing alternatives in Grand Forks includes
several hundred dormitory beds at the University of North
Dakota and several dozen travel trailers that are at Grand
Forks Campgrounds and private residences. Sixty more trailers
are on order.

As of May 12, approximately 3,000 customers in Grand Forks
remain without power and 9,200 customers are reported as
not having natural gas service.  Nearly 800 people are still in
shelters.

Preliminary costs for North Dakota National Guard emer-
gency operation Good NeighborÓ are approaching $3.5
million. At the height of the disaster, 900 National Guard
members were on duty to assist in the winter storms and
flooding. The Guard was instrumental in assisting with the air
evacuation of 328 people from East Grand Forks.

Flooding and Blizzard Agricutural Losses

Direct Losses:
Prevented Planting ................... $141,544,000
Delayed Planting .......................... 34,104,000
Beef cattle losses .......................... 55,098,000
Sheep & hog losses ............................ 998,000
Dumped milk ...................................... 623,000
Farm buildings ............................... 27,200,000
Farm machinery .............................. 8,200,000
Stored crops .................................... 2,304,000

Indirect losses:
Value of lost crop &
livestock production ................. $665,192,000

TOTAL DOLLAR IMPACT................... $935,253,000

Livestock death totals:
Cattle .................................................. 123,000
Sheep ...................................................... 9,733
Hogs ......................................................... 2,866
Poultry ...................................................... 1,588

Dairy loss:
Pounds of milk destroyed ............... 5,192,499

Estimated cropland loss:
Prevented planting acreage ........ 1,097,594

tration has issued $49.9 million
in special disaster loans to over
2,500 local businesses.

The agricultural community
has suffered a total impact of
$270 million in losses due to
blizzards and flooding, includ-

ing nearly 1.1 million
acres in prevented
planting acreage and
over 123,000 head of
livestock lost.

Although the financial
cost of flooding in 1997 is
yet to be fully determined,
the emotional loss will be
felt for years to come.
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At its most basic level, flood-
ing in North Dakota is easily
explained. During the winter
season, snow accumulates
across an entire river water-
shed. Although some mois-
ture is lost during the winter
through sublimation and mid-
winter thaws, snow is gener-
ally retained until spring.

During the spring thaw, snow
can melt within a short period
of time, sending months of
precipitation through a
watershed within a few days
time.

In general, the magnitude of
flooding is dependent on the
amount of moisture stored in
a watershed and the rate at
which it is released through
the melting process.

North Dakota flooding,
however, is affected by more
than the simple relationship
between precipitation and
melting. There is a set of
geographical conditions that
exist throughout the state that
act as constant precursors to
spring flooding. The magni-
tude of any particular flood is
based on the interaction of
variable environmental
factors with these constant
geographical conditions.

This section will highlight
those conditions that contrib-
uted to the 1997 flooding and
the environmental events that
determined the magnitude
and areal extent of the
disaster.

Constant Factors

The major basins of North
Dakota, although all unique,
have similar geographic
characteristics that make
them susceptible to flooding
in any given year. The
following is a set of constant
conditions that form the
foundation for a potential
flood.

¥Gradient - With the excep-
tion of a few areas in extreme
western North Dakota, the
state is characterized by
gentle rolling slopes with
little elevation change along
a given watershed. This is
particularly apparent in the
Red River Basin where

HOW DID IT OCCUR?

PRECURSORS
TO THE FLOOD

gradients are as little as 1/2
foot per mile. The low
velocity of the stateÕs rivers
and creeks is largely a result
of this gentle gradient and
contributes to their slow
movement and limited
drainage capacity. Addition-
ally, channel depths are
generally shallow and the flat
topography easily allows
water to spill over the banks
during high input spring
melting events.

MISSOURI
RIVER
BASIN

SOURIS
RIVER
BASIN

JAMES
  RIVER

    BASIN

RED
RIVER
BASIN

DEVILS
LAKE

BASIN
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North DakotaÕs five
major basins.

Beulah residents, March 23, 1997.

T
H

E
 B

IS
M

A
R

C
K

 T
R

IB
U

N
E



¥River Direction - Although
most rivers in North Dakota
flow in a southerly direction,
the Red River moves north-
ward into Canada. This
creates an unusual situation
during the spring melting
period with meltwater and
runoff occurring first at the
southern headwaters of the
river. As water begins to flow
northward, it is blocked by
still frozen portions of the
river creating an enormous
potential for flooding.

Ice jams additionally occur in
the western section of the
state. Most rivers in this area
flow on a southeasterly
course. Spring thaw gener-
ally occurs first in the west-
ern part of the state and
moves in a northeastern
direction. The headwaters
and uplands of the easterly
flowing rivers and creeks
thaw first and begin moving
into the still frozen portions
of the watershed, again,
creating the potential for ice
jam flooding.

Variable Factors

Although many areas of
North Dakota are prone to
flooding, a complicated set of
environmental factors
determine the magnitude of a
flood. The following primary
conditions formed the
foundation for the 1997
flooding.

¥Fall Precipitation - North
Dakota has reported above
average precipitation across
the state since late 1993. This
has left much of the land
with a higher than normal
water content. During the
spring thaw, the saturated
land is unable to absorb the
resulting meltwaters and a
greater percentage runs off
into nearby rivers and creeks
or overland.

Heavy precipitation in the fall
of 1996 directly contributed to
the spring flooding in 1997. As
the figures above illustrate, fall
rainfall ranged from 8.8 inches
to 3.5 inches in the watersheds
of the Cannonball, Knife, Heart,
Sheyenne, James and Red
Rivers. These rivers also report-
ed much of the greatest fre-
quency and areal extent of flood-
ing during the spring of 1997.

Comparison of the maps above
shows these same areas nor-
mally receive between 1.0 to 2.3
inches during the same time
period. The amount of moisture
frozen in the soil during the
1996-97 winter season was
increased by earlier than
normal snowfall and cold
temperatures.

September Mean Precipitation (inches)

September 1996 Precipitation
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Ice jams caused many
problems, particularly
in the western part of
the state.
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1997 SNOWFALL
AT FARGO:
117.0 inches

1997 SNOWFALL
AT GRAND FORKS
97.9 inches

1997 SNOWFALL
AT JAMESTOWN:

98.8 inches

1997 SNOWFALL
AT BISMARCK:

101.6 inches

¥Snow Accumulation - The
1996-97 snow season pro-
duced record amounts of
snowfall throughout North
Dakota. As the figure above
illustrates, the average
amount of snowfall across
the state ranges from 38
inches in Grand Forks, to 34
inches in Bismarck, Fargo
and Jamestown, to 30 inches
in Williston. Accumulations
during the most recent
winter broke seasonal
records in the central and
eastern portions of the state.

As the figure above indicates,
Fargo received 117.0 inches of
snow, breaking the 1993-94
record of 89.1 inches; Grand
Forks reported 97.9 inches,
breaking the 1896-97 record
of 91 inches; Jamestown
noted 98.8 inches, surpassing
the 1949-50 record of 96.6

inches; and Bis-
marck witnessed
101.6 inches,
breaking the record
of 91.8 inches set in
1993-94.

Snow accumulation was of
particular importance to the
1997 flooding across the state.
In the Red River Valley, a late
spring blizzard on April 4-6
left 10 to 12 inches of snow in
broad areas of the watershed.
This snow was equivalent to
2.66 inches of water. A history
of flooding in this valley
indicates that nearly all large
floods were preceded by an
unusually heavy snowfall and
a late spring blizzard. Cooler
than normal temperatures
delayed the melting of the
snow for nearly one week.
This delay likely contributed
to the proximate timing of the

Red River and
the Red Lake
River crests in the
Grand Forks area.

¥ Soil Condition -
With lands
already saturated
by four years of
above average
precipitation, the
extraordinarily
large snowfall
amounts during the 1996-97
winter season greatly con-
tributed to record spring
runoff on nearly all rivers
and tributaries throughout
the state. Most soils, espe-
cially in the Devils Lake and
Red River Valley, were either
frozen or inundated during
the early spring of 1997,
significantly reducing the
opportunity for infiltration to
reduce overland runoff.

A lack of mid-winter thaws
likely influenced the large
amount of snow retained on
the ground until the spring
thaw.

Average Annual
Snowfall (inches) with
1997 Record Amounts

38

30 34 34 34 38 38

30

30

30

34

36

26

38

30

34

5

Bismarck blizzard,
April 7, 1997.

Kirkwood Mall parking lot,
Bismarck, April  6, 1997.

Bismarck blizzard,
April 7, 1997.
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Spring Melting

Although an extraordinarily
large amount of snow,
unusually cold winter, and
saturated soil conditions are
strong precursors to flooding,
they do not alone guarantee a
flood. Flooding is highly

THE CHAIN OF EVENTS

Snowfall for the winter of
1995-1996, the fifth largest
on record, was again
heavy, with a seasonal total
of 74.6 inches. A mild
February caused snow
depths to shrink from nearly
two feet at the beginning of
the month to less than a
foot by March.

Mild conditions again
occurred the second week
in March reducing the snow
depth to a trace. However,
a cool down, occurring
during the second half of
March continuing into the
first week in April, halted the

The winter of 1993-1994
established what was then
an all-time record snowfall
at Fargo of 89.1 inches.
Snow depth during the
month of February ranged
from 12 to 24 inches, with an
eventual snow depth of 15
inches heading into March.
Water equivalency from the
snowpack at peak depth
ranged from 3 to 4 inches of
water.

dependent on the rate of the
spring thaw. The magnitude
of a particular flood event is
directly related to the rate at
which the snowpack melts. A
slow and gradual warm-up,
with an intermingling of
cooler periods during the
spring, can greatly reduce the

Precipitation in February and
March was normal.
Daytime high temperatures
during the month of March
and into April were greater
than 32 degrees on all but 5
days, allowing for a gradual
snow melt. During this period,
daytime highs ranged from 35
to 45 degrees, with five days
at or greater than 50 degrees.
Nighttime lows fell below 32
degrees on all but five days

melting of the remaining
snow cover.

From March 16 to April 8,
temperatures stayed below
40 degrees and climbed
above 32 degrees less than
40 percent during the time
period. A series of snowfalls
raised snow depths up to
eight inches by April.

Beginning on April 8, tem-
peratures dramatically
changed rising to the middle
40s to middle 60s across the
entire basin. The warmer
temperatures melted the
remaining snow pack in a

magnitude of a flood. A
sudden and prolonged late
spring warming will increase
the likelihood of a significant
flood event.

The spring thaws of 1994 and
1996 provide two contrasting
scenarios in the figures below.

during March. This cooling
allowed rivulettes to freeze at
night, slowing down the
melting and runoff that
occurred during the day.

As a result, the Red River
crested in Fargo on April 3,
1994 at a stage of 26.70 feet.
Despite FargoÕs 17-foot flood
stage, the event was catego-
rized as a minor to slightly
moderate flood.

matter of a few days,
causing rapid runoff.

As a result of the sudden
warming late in the spring
melt season, moderate to
major flooding occurred
over a large portion of the
basin. The Red River at
Fargo crested at 28.73 feet
on April 16, resulting in
moderate flooding. The Red
River at Grand Forks crested
at a stage of 45.82 feet,
causing significant flooding.
Significant flooding was
additionally observed at
Drayton, Pembina and
Winnipeg.

SCENARIO 1:

The Spring Thaw
of 1994

SCENARIO 2:

The Spring Thaw
of 1996
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River Basin Flooding

The 1996-97 winter season
was characterized by an
unexpected and pronounced
spring thaw in the western
section of the state and a
sudden, late spring thaw in
the eastern part. This section
narrates scenarios for each
river basin.

Souris River Basin Flooding

Flooding in the Souris River
area was considered to
be moderate. The Souris
River exceeded flood
stage at Sherwood,
Foxholm, Westhope, and
Bantry.

Crests moved through the
system between April 3-12
and averaged only 2.79
feet above flood stage.

The limited flooding along
the river can be attributed
to the use of Rafferty and
Alameda Dams in
Canada to regulate flows
along the river system.

7

Winter Õ97 in Burleigh County.
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gauging stations along
these rivers from March 21-
23. This flooding forced the
evacuation of more than
200 families in Hettinger,
Mercer, Morton, and Sioux
Counties.

Much of the flooding along
the Missouri, Cannonball,
Knife and Heart Rivers was
the result of ice jam flood-
ing. The headwaters and
uplands of these easterly
flowing rivers and creeks
thawed first and began
moving into the unthawed
portions of the watershed.
The table below displays the
crest, flood stage, and crest
date for the four rivers.

FLOOD
RIVER CREST STAGE CREST DATE

Cannonball 21.6 ft 22 ft Mar 21, 1997

Heart 24.1 ft 17 ft Mar 22, 1997

Knife 26.9 ft 21 ft Mar 23, 1997

Missouri at Bismarck 13.6 ft 16 ft Mar 25, 1997

Missouri at Williston 24.0 ft 20 ft Mar 26, 1997

began in early March and
peaked March 21-23. The
peak was preceded by two
days of above normal
temperatures. Mean tem-
peratures for March in the
Cannonball, Knife, and Heart
watersheds range from 24 to
28 degrees. Temperatures
during the period from March
19 to March 22 ranged from a
mean of 35.5 to 42 degrees,
11.5 to 14 degrees above
normal.

This sudden warming trend
created flashflood conditions
along the Missouri River at
Williston, the Cannonball River
at Mott, the Knife River at
Beulah and Hazen, and the
Heart River
west of
Mandan. The
United States
Geological
Survey USGS)
reported 25 to
50 year
flooding
events at 10

Missouri River Basin Flooding

Flooding in the western
section of the state along
the Missouri, Cannonball,
Knife, and Heart Rivers

S
O

U
R

C
E

: N
O

R
T

H
 C

E
N

T
R

A
L 

R
IV

E
R

 F
O

R
E

C
A

S
T

 C
E

N
T

E
R

, M
N

8

The Little Missouri River, western North Dakota.
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The Heart River south of
Mandan, March 24, 1997.

6 inches

6 - 12 inches

13 - 18 inches

19 - 24 inches

25 - 30 inches

31 - 36 inches

37 - 42 inches

Interpolated
Snow Depth
Mar 18, 1997

Interpolated
Snow Depth
Mar 25, 1997



Devils Lake Basin Flooding

Flooding continues to be
significant in the Devils Lake
Basin. The lake, which has
been steadily rising since
1993, has surpassed the 130-
year-old record elevation. In

the spring of 1993, the lake
was at 1422.6 feet above
mean sea level amsl),
covering about 45,000 acres,
with an estimated volume of
550,000 acre-feet.

In 1997, the water began
rising around April 12 from an
elevation of 1438 feet amsl.
As of June 13, the lake was at
1442.2 feet amsl, rising about
4 feet from the beginning of
the spring runoff.

Normal spring runoff is
expected to cause the lake
to peak between 1443 and
1443.5 feet amsl in mid-July.
At the level of 1444 feet amsl,
the lake will cover approxi-
mately 105,000 acres and will
have a volume of more than
two million acre-feet.

Although the FEMA disaster
incident period for North
Dakota ended May 24, it
remains open for Benson,
Nelson, and Ramsey
Counties and the Spirit Lake
Nation Reservation.

Federal, State, and local
officials are continuing to
work together to address
the problems and needs
associated with the rising
waters of Devils Lake.

9

Devils Lake,
May 1997.
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CapÕs South Shore,
Devils Lake.
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Red River Basin Flooding

Spring melting in the eastern
section of the state caused
flooding on the Sheyenne
River beginning in late
March, with the water levels
cresting from April 7 - 10.
Flooding occurred at Lisbon,
Cooperstown, Kindred, and
Valley City. The river at
Kindred and Lisbon estab-
lished a new flood record,
reaching 21.87 feet, and
breaking the previous
record of 21.7 feet. The

Sheyenne River is
one of the stateÕs
main tributaries to
the Red River of the
North.

Although originally
forecasted to be
historically signifi-
cant, the spring
thaw in the Red
River Valley was
complicated by a
late spring blizzard. The storm
and several days of record
low temperatures delayed
the spring melting in the Red
River Valley.

Temperatures in the basin
rose from an average of 9
degrees on April 8 to an
average of 58 degrees on

April 18. This sudden warm-
up created extensive
melting throughout the
region, swelling the rivers
and streams to record
levels. Flooding was addi-
tionally exacerbated by
large unrecorded overland
flows of water.

Crests in the basin, delayed
by a cool spring, did not
occur until April 16 in
Wahpeton, April 18 in Fargo,
April 22 in Grand Forks, April
25 in Drayton, and April 26 in
Pembina.

Crests from the spring
snowmelt broke water level
records at nearly all sites
adjacent to the Red River.
Although only 95 years of
historical water records exist
for the basin, the flood is
generally considered,
according to forecasting
models, to be a 300- to 500-
year occurrence.

10

Grand Forks begins a
massive clean-up job,
May 1997.

The Grand Forks flood,
April 21, 1997.
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Disaster Declarations

The winter blizzards and
spring floods caused a
myriad of damages and
hardships for the people of
North Dakota. These impacts
have yet to be fully realized
and will continue to impact
the state for many years.

Financial relief for clean-up
and rebuilding is often borne
by the state and federal
government through normal
and special disaster funding.
As the timeline below
illustrates, the state received
a series of special disaster
declarations and aid.

During his April 22 visit to
the Grand Forks area,
President Clinton announced
that the Federal Emergency
Management Agency was
directed to reimburse 100
percent of North DakotaÕs
costs for immediate disaster-
related emergency work.

Following the PresidentÕs
action, all of the stateÕs 53
counties were eligible for
federal funding to supple-
ment the recovery needs of
stricken residents and
business owners. The aid,

coordinated by FEMA,
includes grants to help pay
for temporary housing,
minor home repairs, and
other serious disaster-related
expenses.

Low-interest loans from the
U.S. Small Business Adminis-
tration also are available to
cover residential and busi-
ness losses not fully compen-
sated by insurance.

Additionally, the President
announced that the U.S.
Congress would be asked to
appropriate another $200
million in emergency contin-
gency funds to help North
Dakota, South Dakota, and
Minnesota address flooding
problems. The relief bill was
passed in Congress on June
12, 1997.

James River Basin Flooding

Flooding along the James
River and its tributaries was
considered to be moder-
ate. Flooding occurred in
LaMoure and Dickey
Counties on March 30. At
the city of LaMoure, the
level of the river exceeded
the 14-foot flood stage at
14.2 feet. The river crested
at around 15 feet. The
flooding also caused roads
to be washed out along
Bone Hill, Cottonwood,
and Maple Creeks.

Late spring flooding
caused record elevations
at the Jamestown and
Pipestem Dams. These
dams were kept at higher
than normal elevations to
allow for a controlled
release of water through
the city of Jamestown
after local runoff began to
diminish.

President Clinton
signs a disaster

declaration to assist
53 counties in ND

with snow removal
assistance.

ND Governor Ed
Schafer signs a disaster
proclamation for severe

flooding for seven
western ND counties.

President Clinton issues a
second disaster

declaration to provide
federal monies to aid

recovery efforts due to
massive spring flooding.

President Clinton
upgrades declaration
to cover 100% of NDÕs
costs for immediate
disaster-related
emergency work.

FEMA disaster
incident period
for ND ends in all
counties except
the Devils Lake
area.

JAN 12, 1997 MAR 24, 1997 APR 7, 1997 APR 22, 1997 MAY 24, 1997 JUN 12, 1997
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Grand Forks, May 1997.
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DISASTER DECLARATIONS

Congress
passes
disaster
relief bill.




