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Chapter 1

INTRODUCTION

Certain Minnesota weather-related events are memorable:
¢ the Dust Bowl years of the 193(s;
¢ the 1940 Armistice Day blizzard;

e the 1965 and 1969 floods along the Minnesota and
Mississippi Rivers and their major tributaries; and

o the July 23, 1987 "super storm"” that hit the Twin Cities.

1988 will be remembered as the Year of the Drought. Daily television
and radio broadcasts regarding sprinkling bans, iow water levels and dry
fields were constant reminders of the severity of the drought. The
following facts illustrate why the summer of 1988 will also be
memorable:

e June precipitation averaged 1.40 inches statewide, replacing
the old record low of 1.50) inches set in 1910.

e Minnesota April through July precipitation at 6.61 inches
was the second driest in the last 100 years.

e May through August average temperature at 69.7 degrees
was nearly 2 degrees higher than the old record set in 1936.

¢ Minneapolis-St. Paul Airport had 44 days with 90 degrees or
more. The old record had been 36 days in 1936.

e The Palmer Drought Index dropped below -7 in northwest
Minnesota for the first time since record keeping began at
the turn-of-the-century. The old record had been -6 in
September 1934,

o At St. Paul, the April through July period experienced about
20 percent more solar radiation than the station’s long-term
average. The May through July pan evaporation was 40
percent above average,

¢ Groundwater levels throughout the state reached new record
tow levels.

¢ The Mississippi River at St. Paul reached low levels
previously experienced only in 1934 and 1976, prompting the
first total sprinkling ban in Minneapolis and St. Paul.

Definition of Climatologists define drought as a period of abnormally dry and/or
drought unusually hot weather sufficiently prolonged for the corresponding
deficiency of water to cause a "serious hydrologic imbalance”. More
simply put, too dry and/or too hot for too long. Interpreting what is "too
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dry" or what is "too long" is difficult. What we do know is that when a
serious hydrologic imbalance occurs in Minnesota, soil moisture re-
serves, groundwater supplies, lake levels and stream flows are negatively
influenced. Water dependent industries, including agriculture, public
utilities, forestry and tourism, are profoundly affected.

During the summer of 1988, numerous public agencies pushed aside
normal work activities to concentrate on the drought. The DNR
Division of Waters (DOW) spent a hectic summer coordinating the
Governor’s Drought Task Force; responding to citizen and media in-
quiries; monitoring streamflow, lake and groundwater levels; suspending
surface water irrigation permits in 13 watersheds; and investigating well
interference complaints. The DOW also saw the requests for "works-in-
the-bed" permits increase dramatically as low water levels caused naviga-
tional access problems for many lakeshore owners.

We can say with certainty that drought will return to Minnesota, though
we can’t say when or how severe it will be. Five years from now we will
no doubt recall that a total sprinkling ban was established in the Twin
Cities, but will we remember that the ban did not begin until August 1
and lasted only 17 days? Will we remember what criteria were used to
set and then rescind the sprinkling ban, or at least be able to readily
obtain that information?

The purpose of this report is to:

o Compile a summary of what happened during the 1988
drought - weather, water levels and administrative actions;

e Collect and publish miscellaneous data which might
otherwise be lost;

e Provide a word of caution - by some measures of dryness, the
drought is not necessarily over; and

e Offer recommendations for future action.

This report is primarily intended as a technical document. This docu-
ment is clearly not all-encompassing with regard to the drought of 1988
and its short- and long-term impacts. Other groups are examining such
issues as the Minneapolis water supply, headwater reservoir operation
and water appropriation priorities.




IMPACTS

AGRICUL-
TURE

It’s difficult to imagine anyone in Minnesota not affected by the drought
of 1988 - from farmers who lost most, if not all, of last year’s crop, to the
urban dweller affected by water use restrictions. The drought also
affected power production, the forest products industry, public water
supplies, and fish and wildlife dependent on adequate surface water.
Tourism was one industry that generally fared well during this drought.

The most devastating impacts of the drought were felt by the state’s
agriculture community. The "Catch-22" for farmers continued one more
year. Despite generally high yields, farm incomes have been depressed
the past several years due to low commodity prices. In 1988, commodity
prices rose substantially but yields were low. In addition to lost produc-
tion, the hot, dry weather and strong winds resulted in valuable topsoil
being blown into road ditches, streams, lakes and other depressions.

Preliminary data from the Minnesota Agricultural Statistical Service
show a dramatic decrease in production from previous years, as shown
below:

Average Yields (bushels per acre)

1983 1984 1985 1986 1987 1988

corn 84 107 115 115 122 72
soybeans 33 33 32 35 39 25
wheat 37 47 53 37 41 23
oats 57 65 70 51 57 33
barley 53 65 66 55 57 32

The loss of farm production has an obvious ripple effect on the state’s
economy. Particularly hard hit are the rural communities throughout
Minnesota’s farm belt. An estimate submitted with the Governor’s
request for federal disaster assistance put the loss to the state’s economy
at $1.2 billion.

Not all farms were affected equally. The Minneapolis Star Tribune
(10/23/88) reported on the vastly different experiences of two farmers in
Dodge County. One of the farmers ended with average yields of 50
bushels of corn and 14 bushels of soybeans per acre. These yields were
substantially lower than 1987 yields of 120 bushels of corn and 42 bushels
of soybeans per acre. Meanwhile, a neighbor just 10 miles away had one
of the best harvests in 40 years. A late season snowstorm and perfectly
timed rainfall (7 inches over 4 days) in early July resulted in corn yields
of 165 bushels per acre.
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The state’s forest resources also suffered from the drought. An es-
timated 66,000 acres of trees were planted in Minnesota during 1987 and
1988. DNR Division of Forestry estimates that 47 percent, or 31,000
acres, were affected by the drought. The largest amount of drought-
affected trees are located on Conservation Reserve Program (CRP)
acres in central Minnesota. Eighty percent of the estimated 3.5 million
Christmas trees planted in 1987 and 1988 are lost.

Applied herbicides were ineffective for controlling competing vegeta-
tion and the severely depleted soil moisture has placed additional stress
on surviving seedlings. Therefore the 1987 - 1988 secdlings are much
maore susceptible to insect and disease damage; the full impact of which
may not be known for years to come.

In addition to seedlings, many thousands of mature trees in both forested
and urban areas are being lost due to a lack of moisture. These losses
are expected to continue for three to five years beyond the end of the
drought. Even if the drought ends, most of the trees will have been
weakened and will remain highly susceptible to insect and disease
damage for several more years.

The drought created problems for thermoelectric power generating
plants as well. The Northern States Power (NSP) plant at Monticello
suffered periodic power production losses of as much as 160 megawatts
due to cooling problems. These losses were caused by a combination of
water quality, water temperature and streamflow deficiences. During
the peak power demand period, NSP purchased approximately 25 per-
cent of the electrical demand, costing their customers a total of $422,000.

NSP officials concluded that the extent of the 1988 limitations caused by
regulatory limitations of cooling water withdrawals from the Mississippi
River were tolerable. However, any condition, whether physical or
regulatory, that would cause the shutdown of both Monticetlo and Sher-
co under 1988 peak demand conditions would create power shortages
for customers and could cause severe electrical equipment damage.

The vast majority of Minnesota communities rely on groundwater to
supply domestic needs. Since groundwater levels were not as dramati-
cally affected as surface water, there were few actual shortages.

The Wayside Housing Addition in Haven Township near St. Cloud had
their wells go dry. The National Guard provided emergency water
supply to the community during the summer months. An investigation
by the DOW’s Groundwater Unit to assess the availability of additional
groundwater resources concluded that there was inadequate
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groundwater potential to provide areliable long-term source of domestic
water, It was recommended that the Wayside Addition connect into the
St. Cloud water supply system.

The city of Granite Falls obtains its domestic water supply from the
Minnesota River. In anticipation of continuing diminished flow, the city
requested permission from the DNR to increase storage in the city’s
reservoir, in effect diverting additional water from the Minnesota River.
This request was denied due to downstream concerns.

The city of Stephen in extreme northwestern Minnesota was also con-
cerned about low water levels in their water supply source, the Tamarac
River. The city proceeded to purchase up to seven million gallons of
water from a nearby rural water system. The Department of Public
Safety, Division of Emergency Management has agreed to reimburse the
city for the cost of the water, up to $17,500. The city is responsible for
all construction and material costs.

The most discussed issue of public water supply concerned the Twin
Cities metropolitan area. Restrictions on nonessential uses were in-
stituted area wide. Restrictions were partly due to the distribution
systems not being able to handle the demand and also due to low flow
on the Mississippi River, Especially in the metropolitan area, the
drought dramatically demonstrated the continuing need for conserva-
tion measures to reduce water demand and also the need for alternative
water supplies,.

The effects of the extremely low streamflow on aquatic biological resour-
ces are uncltear. DNR field crews noted large areas of dry or nearly dry
river channels. However, large numbers of fish were found in remaining
pools indicating that at least some of the resident populations were able
to migrate to refuge areas. Other fauna, such as benthic organisms, are
less mobile and presumably suffered larger losses due to the dewatering
of habitat (see photograph on page 6).

Much attention was paid to the low flow of the Mississippi River through
the Twin Cities. Of particular concern was the water quality of the river
downstream from the Metropolitan Wastewater Treatment Plant at Pigs
Eye. The principal water quality standard monitored by the Pollution
Control Agency is dissolved oxygen (D.O.) with a target value of greater
than 5 mg/l.

During the summer of 1988, the PCA and Metropolitan Waste Control
Commission conducted extensive monitoring of the Mississippi River.
They concluded that the dissolved oxygen levels in the Mississippi River
held up very well considering the low flow and upstream problems
caused by the Minnesota River. Dissolved oxygen concentrations in the
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Minnesota River ranged from 3 to 4 mg/l. On the average during the low
flow period, the 5 mg/1 D.O. standard was met downstream of the Metro
plant, in part due to aeration of the effluent and improved operation of
the treatment plant.

Fine River below the Cross Lake dam In Crow Wing County, July 1988

Photograph courtesy of Patricia QOison.

The drought did not appear to hurt the tourism industry. While some
resorts and outfitters experienced problems due to low water levels,
overall the tourism industry did better than average during 1988,

The Minnesota Office of Tourism conducted an informal survey of 44
motel/hotel, resort and campground owners. Sixty-four percent indi-
cated that business improved over the previous summer, 11 percent
indicated a decline of business while 25 percent said it stayed the same.,

Many respondents mentioned that increased advertising and promotion
helped increase their business. There was generally no indication as to
whether the weather helped or hurt their business. The Office of
Tourism concluded that the weather may have helped the motel/hotels
and resorts but probably hurt campground operators.

Minnesota state parks had similar experiences. Visitors at state parks
increased 12 percent over 1987. However, camping was up only 4
percent over the previous year. Large increases were noted in those
parks with any type of water attraction.

R B R B R AR A SR R i
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CHRONOLOGY

THE WET
YEARS

Paimer Drought
Severity index
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During the 10 year period from 1977 to 1986, Minnesota experienced
some of the wettest conditions on record. The surplus was the equivalent
of two additional years of normal precipitation. Then with extraordinary
speed and magnitude,
the climate reversed it-
self beginning in October
of 1986. Figure 3.1 shows
the S-year precipitation
departure from normal
up to the end of the wet
cycle.

During the mid-1980’s,
flooding was the major
water-related concern in
Minnesota. Dozens of
landlocked lakes rose to
high levels flooding
hundreds of lakeshore
homes and cabins. Lake
Pulaski in Wright Coun- 5
ty, undoubtedly the most  Fgyee 3.1

publicized, rose 5.9 feet 1882 . 1986 Precipitation Departure from Normal

from 1983 to a peak level

in September 1986. At a cost of $1.4 million, the U. S. Army Corps of
Engineers (COE) sponsored the construction of a pumping system to
alleviate the high levels on Lake Pulaski. Pumping commenced on
February 4, 1987 and continued for two months lowering the lake 2.8 feet
to its control elevation. Lake Pulaski has since dropped an additional
3.4 feet,

The National Weather Service Climate Analysis Center (CAC) in
Washington D, C. quantifies drought using a water budgeting technique
called the Palmer Drought Severity Index. This index classifies drought
on a five level scale ranging from "incipient drought" (initial stages of
drought) to "extreme drought". This technique allows relative com-
parisons from place to place and from year to year. For example, an
"extreme drought" classification in northwestern Minnesota can be
thought to have similar implications to an "extreme drought" in say,
northern Georgia or western Kansas. The U.S. Department of Agricul-
ture uses this index to make policy decisions regarding its various agricul-
tural programs, As shown in Figure 3.2, the Palmer Drought Severity
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Figure 3.2
Paimer Drought Severity Index - November 1986

Index for the fall of 1986 indentified very wet conditions throughout the
upper midwest.

1987 The winter of 1986-1987 was one of the warmest and driest in
Minnesota’s recorded history. Temperatures averaged as much as 12

degrees above normal from December through February, Many areas
were virtually snow-free all winter. -

Dry and warm conditions persisted through spring and early summer of
1987. Early season grass fires were more frequent than usual, lake levels
dropped from the previous year’s near-record high levels, and agricul-
tural areas with sandy soils suffered from moisture stress. In early to mid-

Wet

Figure 3.3
Palmer Drought Severity Index - June 1987




Chapter 3

summer, calculated
levels of drought inten-
sity reached the extreme
(or worst) category in
east central Minnesota
(Figure 3.3).

In July 1987, adequate to
excessive rains and stored
soil moisture reserves
from the previous year
supported high agricul-
tural yields in most areas
and helped to alleviate
late season fire danger.
The Twin Cities metro
area experienced two [
spectacular yet
geographically isolated  Fgyre 34

rainfall events in ]u}y. Parcent of Normal Precipitation
The two-storm total ex-  (April 1- September 30, 1987)
ceeded 16 inches at some

urban locations.

)
,"' Sd 120 percent

|} perceqt

A0 parceant
M percant

While the drought was not part of the public consciousness in the Twin
Cities following the July storms, most of Minnesota continued in prevail-
ing dryness. Near normal to somewhat below normal precipitation
persisted through the late summer and fall, failing to provide adequate
late season soil moisture recharge. A large portion of Minnesota was
four to eight inches of precipitation below the long-term average (Figure
3.4). The drought intensity for late fall of 1987 was calculated to be
moderate to severe in northwest, west central and central Minnesota.

The winter of 1987-19838 gave mixed results. Various parts of the state
experienced episodes of warmth, extreme cold, dryness, and heavy snows
- in other words, a typical Minnesota winter. On the average only 15
percent of winter precipitation enters the soil moisture profile. Most
evaporates or runs off the frozen soil to replenish surface waters. Even
average winter precipitation would have done little to alleviate soil
moisture deficits heading into 1988.

1988 The 1988 growing season began with a soil moisture deficit in all but
north central and northeastern Minnesota. April is typically a period of
recharge when soil moisture reserves are replenished and little water is
drawn from the soil by vegetation. April precipitation provides moisture
for germinating seeds and rejuvenating perennial plants. Unfortunately,
much like April of 1987, April of 1988 was extraordinarily dry.
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Most of the state received below normal precipitation. The northern
two-thirds of Minnesota reported less than 50 percent of the norm.
Some locations in the northwest reported only a trace of precipitation
for the month, making it their driest April on record. Blowing dust in
the Red River Valley created scenes reminiscent of the Dust Bowl years.
Grassland fires were again a problem, surface water levels continued to
retreat, and perennial crops such as alfalfa suffered.

Rainfall was again inadequate during May, varying from one-half to two
inches below normal. The April-May combined totals were generally
less than 75 percent of normal and in northwest and west central Min-
nesota less than 50 percent of normal (Figure 3.5). Inaddition, excessive
evaporation rates became a concern. Abnormally high temperatures (5
to 8 degrees above normal), low relative humidity, and high winds
teamed to create a high evaporative demand, an important component
in drought. Pan evapora-
tion rates ranged from 9
to 11 inches for the
month compared to a
normal rate of 7 inches,

The reality of the drought
started gaining the atten-
tion of the news media
and the general public in
early May. The headline
on the cover of this docu-
ment is from the May 4
edition of the Min-
neapolis Star Tribune.
Farmers were of course
concerned with the ex-
tremely dry soil condi-

tions, but public 1

T T

awareness of the poten- Figure 3.5

Percent of Normal Precipitation

i i h
tial seriousness of the (April 1 - May 31, 1988)

drought was not yet
widespread.

By month’s end the National Weather Service (NWS) Climate Analysis
Center categorized northwest, west central, central, and east central
Minnesota in an "extreme drought”, the worst scenario possible in their
classification scheme. The rest of Minnesota was placed in the "mild
drought" category, three levels better than "extreme". The dryness and
heat caused spotty seedling emergence over broad regions. The first
cutting of hay was far below expected yield goals. Grass and forest fires

-10-
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continued to be a major problem in central and northern Minnesota.
Surface and groundwater levels continued to decline. '

June 1988 The drought intensified in June and its effects became more apparent in
the southern third of Minnesota. In Minneapolis-St. Paul, a paltry 0.22
inches of rain fell for the month of June, making it the driest June ever
recorded in the metro area. The June average temperature for Min-
neapolis/St. Paul was 74.4 degrees F which equaled the second warmest
June ever. Statewide temperatures ranged from six to nine degrees
above normal, and precipitation in the southern two-thirds of the state
was 2.5 to 4 inches below the norm. The forested regions of northern
Minnesota received some relief in the form of general rains but condi-
tions remained dry.

The combined effects of a dry fall, a poor spring recharge, and a dry and
hot summer began to elicit comparisons with the 1930’s and other
drought years such as 1910 and 1976. However, the 1988 drought cannot
match the overall geographic extent of the drought of 1934 which
covered approximately two-thirds of the country. In late June of 1988,
Minnesota and North Dakota appeared to be at the drought epicenter.
However, it became apparent that the drought was also intensifying
across much of the central and southeastern United States.

By the end of June most

of the state was classified

as either in "severe" or ¢ .l . : .
"extreme" drought. | 4/ (
Forage shortagesbecame | j—sqiy
critical and it was becom- 1\ 7 ' _
ing evident that yield | -{[ (T2
reductionsinsmallgrains  { "% Y 'L
and row crops were in- ST
evitable. Many farmers >
around the state hedged
their annual gamble on
the weather a step further
by applying for "drought
insurance". River and
lake levels continued to
drop and wetlands were o

drying up. In many urban N T
areas wateruse couldnot o

be met by the distribution  Percant of Normal Precipitation
Systems. (April 1 - June 27, 1988)

-11-
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June was a month of heightened public awareness as well as greatly
accelerated activity by various agencies. The Star Tribune published
over 70 drought-related articles during June. The DOW’s Director and
the State Climatologist made the first of several appearances on public
television’s "Almanac” program on June 17. On June 21, the Drought
Task Force held their first meeting. The Drought Task Force consisted
of members from various public and private organizations with the
purpose of examining the impacts of the drought and planning a coor-
dinated response (Appendix A). The first suspension of surface water
“appropriation permits occurred on the Elk River on June 22,

It should be remembered that at this time the prospect of an additional
two or more months of hot, dry weather was a very real possibility. The
response to the drought may have been different had these severe
conditions been reached in mid-August with cooler temperatures just
around the corner.

On June 30, the DNR, NSP and the cities of Minneapolis and St. Paul
agreed to a water conservation plan if the Mississippi River flow dropped
below 1000 cubic feet per second (cfs) at Anoka. At that time, the flow
was 1180 cfs, The previous day Minneapolis instituted an odd-even
sprinkling ban while St. Paul requested a voluntary ban from its residents.
Many suburban communities had also issued sprinkling restrictions in
June.

July 1988 The drought continued -!Hi

to deepen through July.
A large area of Min-
nesota received less than
50 percent of normal
rainfall for the April
through July period (Fig-
ure 3.7). May through
July 1988 was the
warmest and driest such
period on record in many
counties. The hardest hit
areas continued to be
west central and central
Minnesota. Statewide
temperatures for July
were three to six degrees
above normal and rain-  Fgure 37 o
fall was 1.5 to 3 inches Percent of Normal Precipitation
below the norm. Soil (April 1 - July 25, 1588)
moisture levels reached

W - an
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record lows at most University of Minnesota Experiment Stations.
Evaporation rates lingered at all-time recorded highs.

By the end of July all but northeastern Minnesota was in the "extreme
drought" category. The Palmer Drought Severity Index reached an
all-time extreme value in northwestern Minnesota (Figure 3.8). In the
Minneapolis/St. Paul area, maximum temperatures of 90 degrees or
greater were recorded on 17 days, a record high for July. Most locations
reported maximum temperatures exceeding 100 degrees at least once
during the month, producing great human discomfort and stress on
livestock. Yield reduction in most row crops appeared certain.

Figure 3.8
Palmer Drought Sevarity Index - July 1988

Throughout July there was no doubt that Minnesota was in the midst of
a severe drought, There was daily media coverage of parched fields and
dry rivers. Radio, television and newspapers reported virtually all ac-
tions and meetings by public agencies regarding their response to the
drought.

Topics discussed at the July 20 Drought Task Force meeting give a good
indication of conditions throughout the state:

e NSP reported purchasing power from outside the state;
e report of fish kill on Lake Pepin;

o the National Guard was called to provide water to the
Wayside Addition in Haven Township near St.Cloud;

o well drillers reported a three to four month backlog of work;
and

o the "silver lining" award went to the NWS who reported a
change in the weather pattern with the possibility of
precipitation. (Their forecast proved very accurate!)
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A predominant issue facing the Drought Task Force was the potential
request for release of water from the Mississippi River Headwater
Reservoirs. This issue was first raised in a June 28 newspaper article.,
Northern interests, represented by the MN Resort Association, objected
to the lowering of the reservoirs to allow Twin Citians to continue
watering their lawns. They were also concerned that lower lake levels
would keep tourists away.

The primary concern of public officials in the Twin Cities was to ensure
sufficient flow in the Mississippi River for: 1) waste assimilation
downstream of the Pig’s Eye wastewater treatment plant; 2) power
production and 3) municipal water supply. To help alleviate the north-
ern concerns, Minneapolis and St. Paul agreed to institute procedures to
reduce water use to winter levels if the Mississippi River at Anoka
dropped below 1000 cfs for 72 consecutive hours. This level was reached
on July 25 - 27 resulting in the first total ban of nonessential water use in
Minneapolis and St. Paul on August 1. The ban primarily included the
sprinkling of established lawns and the washing of vehicles. Most sub-
urbs had also instituted water use restrictions by this time.

The above criterion also triggered the Governor on July 28 to formally
request the Corps of Engineers to release an additional 300 ¢fs from the
Lake Winnibigoshish Reservoir. This reservoir was recommended he-
cause of its relatively high levels and anticipated lower impacts to wild
rice production and commercial resort operations. On August 3, 1988,
the COE denied the Governor’s request citing recent rains in northern
Minnesota.

The August climate brought welcome changes. A shift in the atmos-
pheric circulation patterns brought wet weather the first week of August
and rains returned periodically throughout the month. While the
drought did not end, its intensification was curtailed. The majority of the
state received normal to above normal precipitation for the first time
since the growing season began. Statewide precipitation averaged about
5 inches (Figure 3.9). Temperatures remained hot early in the month
but cooled as August ended. Replenishment of soil moisture profiles
and the rejuvenation of forage and row crops that had survived was a
pleasing sight indeed.

The August rains were a relief to most Minnesotans, but unfortunately
were too late to rescue much of the agricultural production. Many
agricultural and other water-dependent operations were beyond the help
of the late summer rains. The Mississippi River reached its lowest 1988
mean daily flow of 842 cfs on July 30. The Twin Cities sprinkling ban
was lifted on August 17 since the Mississippi River had been above 1000
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cfs for several days. Prior to August 17, the Drought Task Force had not
set any specific criteria as to when the ban would be rescinded.

Figure 3.9
Percent of Normal Pracipitation

(April 1 - August 29, 1988)

The return to "normal” precipitation generally continued throughout the
fall months. Except for the northwest corner, most of the state received
1 to 2 inches above normal precipitation for September. These rains
helped recharge soil moisture levels. October provided very littie addi-
tional recharge as rainfall was approximately one inch below normal
levels throughout the state, During the first two weeks of November,
much of the southern half of Minnesota received up to twice the normal
monthly precipitation totals (Figure 3.10). This precipitation provided
unexpected and very welcome recharge of the unfrozen soils.

Much of the northeastern and north central parts of the state are at or
above normal soil moisture levels. They received up to 50 percent above
normal rainfall during the summer and fall. Much of southeastern
Minnesota is near normal for this time of year thanks to the 4 to 6 inches
of rain in September and the 1 to 2 inch amounts of early November.
However, soil moisture levels throughout a large part of south central,
southwest, central and west central Minnesota are still below normal but
have shown significant recharge in the first two feet of soil. Figure 3.11
shows the improvement in the Palmer Drought Index in the northeastern




andnorth central portions of the state, but much of central and northwest
Minnesota remain in the extreme drought category.
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Percent of Normal Precipitation
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Hydrologic Effects

The definition given for drought used the term "serious hydrologic
imbalance". Water levels throughout Minnesota were affected by the
drought, but by how much? How do the levels experienced in 1988
compare to the 1930’s and 19767 Were groundwater levels affected as
significantly as streamflow?

This chapter will look at streamflow, lake levels and groundwater levels
throughout Minnesota. The discussion for each component will general-
ly follow the trend from very high levels during the mid-1980’s to the
extremely low levels during 1988,

STREAM- ‘The dry conditions throughout the state since fall of 1986 set the stage

FLOW for abnormally low streamflow in the spring and summer of 1988. A
statewide perspective of streamflow during 1988 is most easily depicted
using data from USGS Monthly Water Resource Summaries.
Streamflow data from throughout the state are used by the U. S.Geologi-
cal Survey (USGS) to provide a general representation of whether
streamflow was excessive, normal or deficient in various regions. The
cover sheets for these reports are shown in Figure 4.1 on pages 18-19.

March 1988 ended a string of 11 consecutive months in which streamflow
had been in the "normal” range throughout much of the state. Even
though the drought is considered to have started in October of 1986,
generally adequate lake and groundwater levels helped maintain
streamflow in the normal range through March of 1988. Conditions
changed quickly, as shown on the April map. By July streamflow
throughout Minnesota was deficient. Rainfall during August and Sep-
tember helped restore portions of the state to normal and even excessive
ranges. Streamflow in western and portions of central Minnesota is still
considered in the deficient range.

Streamflow Streamflow monitoring was a crucial activity throughout the drought. Of

Monitoring primary concern were flow levels in the Mississippi River at the Twin
Cities. Additionally, the DOW monitored streams throughout the state
torespond to its statutory responsibilities relating to resource protection
limits.

The USGS stream gaging network provided the base for the data collec-
tion efforts. Additional data were available from the COE reservoir
network and the National Weather Service (NWS).
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Mississippi
River

Satellite transmission technology provided up-to-the-minute data col-
lection through USGS and U. S. Army Corps of Engineers (COE) Data
Collection Platforms (DCP) at selected gage sites. "Telemark" gage sites
provided access to additional gage height data by electronic coded
messages obtained by telephoning the gage. Unfortunately these "real-
time" data transmission technologies were available only at a limited
number of gages. Since decisions regarding the suspension of appropria-
tion permits required up-to-date flow data, additional data were col-
lected by volunteers living near gage sites and by Department personnel.

The Mississippi River flow through the Twin Cities was closely
monitored due to the recognized need of the river for waste assimilation,
instream flow, power production and water supply. While data from
many other sites within and near the Twin Cities were monitored, the
most widely used and publicized data came from the USGS Anocka
gaging station (#05288500) located downstream of the Coon Rapids
dam.

August 1986 through September 1988 streamflow for this site is shown
in Figure 4.2. Also depicted is a corresponding plot of the long-term
average flow for this site. Of special note are the much above average
flows of late 1986 and the much below average flows of 1988.

MISSISSIPPI RIVER NEAR ANOKA

@ USGS Sta #05288500

35

Daily

/ Average \

DISCHARGE - CFS
(THOUSANDS)
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T T T T T T
Jui-86 Jan-87 Aug-87 Feb-88

Figure 4.2
Mississippi River Streamflow near Anoka (1986 through 1988)
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Ilow data for 1988 are compared with data for 1934 and 1976 in Figures
4.3 and 4.4, respectively. Mississippi River flow rates in 1934 were
similar to those of early summer 1988. However in 1934 the Mississippi
River did not benefit from heavy August rains and therefore continued
low throughout late summer and early fall. Flows of 1976 were generally
higher than early summer 1988 flows and below late summer 1988 flows.

MISSISSIPPI RIVER NEAR ANOKA

1983,1934 Flows -USGS Siation #0‘3288500
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Mississippi River Streamflow Comparison: 1934 and 1988
1588,1976 Flows -|I3GS Station #05288500
12 . - J—
1 - Dally o
Average e
10 b
%,
g - ",
g 8- \
5z, | o
§ = " Daily el
g g T Averdge e
<A N o T T
I o e ri
8 I g | & [
= i s
fu] . ! "'"-, , i
4 4 ,II U
1876 /w i “ el s
a4 "\\ .m, ;/\l"f ‘ | \-.. 1988 4 !
—y M . 1978
2F-May  16-Jun 05-Jul 26-Jul 15-fg  04-Sep  24-Bep  14-Oct

Figure 4.4

Mississippi River Streamflow Comparison:

1976 and 1988

Record low flows for this site occurred in 1934 and 1976. In 1934, the
record low daily flow of 602 cfs occurred on September 10 and the record
low average monthly flow of 715 cfs occurred in August. In 1976, arecord
low instantaneous flow of 529 cfs was measured on August 29, although
this was a result of automatic gate operation at the Coon Rapids dam.
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Extended Low
Flow Forecasts

Headwater
Reservoirs

To avoid a repeat of this problem, automatic gate operation was
suspended during the particularly low flow periods of 1988. In 1988, the
Mississippi River reached a daily low of 842 cfs on July 30.

One question on everyone’s mind was how low might the Mississippi
River get? The River Forecast Center (RFC) of the National Weather
Service was requested to provide extended low flow forecasts for the
Mississippi River. Although principally developed for flood forecasting,
the RFC fine-tuned and calibrated their forecasting model in an effort
to provide the low flow forecasts. A worst case scenario forecast was
provided by assuming no rainfall would occur during the forecast period.
The fine-tuning of the low flow model required additional real time flow
data from sites not used for flood forecasting. Public volunteers, DOW
and COE staff were used to read staff gages for this purpose.

The low flow forecasts were provided on a weekly basis beginning July
6 for each of the four weeks following the date of the forecast. Appendix
B summarizes the low flow forecasts provided by the River Forecast
Center. As canbe seen on this table, the actual flow rates were generally
higher than the forecasted flow. This should be expected since the
forecasts assumed there would be no rainfall over the entire Mississippi
River basin. These data do suggest that had the rains not returned in
August, the Mississippi River would have fallen to severely low levels,
equaling or even dropping below 1934 and 1976 levels.

The near record low flow of the Mississippi River during the summer of
1988, concern for potential effects on the users of the river water and
instream flow needs prompted consideration of alternatives to supple-
ment flow in the river. One alternative was to release additional flow
from the Mississippi River Headwater Reservoir system (Figure 4.5).
Built by the Federal Government in the late 1800’s and early 1900’s and
operated and managed by the Corps of Engineers, the principal purpose
for this system of six reservoirs was flow augmentation to facilitate
downstream navigation. The nagivational benefits provided by the
reservoirs were greatly diminished following the construction of the 9
foot channel project in the 193()s.

New regulations for operating the headwater reservoirs were issued by
the War Department from 1931 to 1945 and are still in effect today.
These regulations set forth relatively vague navigational requirements
and established operating limits for the six reservoirs. There are no
references in these rules to other considerations, such as water quality,
power production, irrigation, publicwater supply, recreation and fish and
wildlife,




In 1961, the Minnesota
Legislature directed the
Commissioner of Conserva-
tion to enter into agreement
with the Corps of Engineers
for the control and regula-
tion of the headwater reser-
voirs "with full consideration
of all interests". Following a
series of public hearings, the
Commissioner of Conserva-
tionissued an order on April
19, 1963 which outlined a
comprehensive opcrational
plan for the headwater
TEeSETVOIrS.

The COE never entered into
formal agreement with the
State of Minnesota regard-
ing joint control and regula-
tion of the reservoirs. "How-
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Figure 4.5
Mississippi River Headwater Heservoirs

ever, in actual practice, the St. Paul District attempts to coordinate lake
operation in conformance with the 1963 Commissioner’s order when-
ever possible, especially for low flows." (COE, 1982 Feasibility Study.)

The most recent study regarding the headwater reservoirs is the COE’s
"Mississippi River Headwaters Lakes in Minnesota Feasibility Study”,
completed in 1982, While the most comprehensive look at the head-
water reservoirs to date, the COE has not adopted this study as official
policy. As part of this study, the COE looked at the effects of maintaining
a minimum flow of 1600 cfs at Anoka. This flow rate was the estimated
critical water demand for the year 2015. From their study the COE

concluded:

It is imperative that the city of Minneapolis develop a water
conservation plan and an alternate supply source to preclude
serious problems during a drought situation or in the event of an
accident such as a hazardous waste spill. Releases from the Mis-
sissippi River Headwaters Lakes could possibly be used indrought
situations to provide a minimum flow of 1600 cfs at Anoka without
causing major environmental damage or severe economic loss.
However, the Twin Cities should not rely on this option as a
long-term solution or as a definite possibility. The decision to
make emergency releases to supply Twin Cities water needs would
rest with the Governor of Minnesota after consultation with af-
fected area interests, including representatives of the Leech Lake
Tribe and the Mississippi Headwaters Association.

-23-
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Figure 4.6  MISSISSIPPI RIVER HEADWATER RESERVOIRS
1988 Water Levels (Data from the COE)
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WINNIBIGOSHISH LAKE RESERVOIR
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Protected Flow
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On July 28, 1988, Governor Perpich requested the COE to release an
additional 300 cfs from Lake Winnibigoshish. The combination of the
low flow at the time plus the 300 cfs would have been well less than the
1600 cfs analyzed by the COE in 1982. On August 3, the COE declined,
citing recent rains in the northern part of the state. At the time of the
request, all reservoirs were below their normal summer operating range
although Winnibigoshish had been above the minimum operating range
for most of the summer (Figure 4.6, pages 24-25 and Appendix C).
Heavy rains in early August in northern Minnesota caused the levels of
Winnibigoshish and Pokegama to rise into their normal summer range.
As dictated by their operations plan the COE increased outflow rates
from these two reservoirs .

Due to the DOW’s statutory responsibility regarding instream flow
protection, special monitoring activities were instituted on streams with
established protected flows. Forty-five watercourses in Minnesota have
established protected flows. Only 19 of these watercourses have record-
ing gages. Nine of these streams have USGS telemark stations, another
five are monitored by the COE satellite data collection network, and the
remaining five require an observer to read the recording gage.

An additional thirteen watercourses have nonrecording staff gages which
require observers to monitor flow. Ten of these gages were established
during the summer of 1988. The rating curves developed for these new
gages are only preliminary and in most cases based only on one flow and
one water stage. Guges need to be established and rating curves
developed on the remaining thirteen ungaged watercourses with estab-
lished protected flows.

In several cases data were needed from USGS stations that had been
discontinued in previous years due to lack of funding. Public volunteers,
DOW and other agency personnel were used to obtain gage beight
readings that were then transformed to flow data using available rating
curves. Since the available USGS rating curves had not been recently
updated at discontinued sites, the accuracy of the ratings was in question.

The Elk River was the first river to have water appropriation permits
suspended on it. This river no longer has a recording gage and wus not
being monitored on a routine basis. Division of Waters regional staff
first noticed the extremely low flow conditions. On June 16, DOW staff
measured flow rates at seven locations on the river and found that the
Elk River was 24 cfs below its protected flow. Six days later, surface
water appropriation permits were suspended in the Elk River watershed.

Tighter monitoring schedules were subsequently instituted. Those
watercourses with telemark stations and DCP stations were monitored
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LAKE
LEVELS

from the DOW Central Office. DNR, Fisheries and Waters Region 5
and Region 3 staff began monitoring flow rates in their respective
regions. As flows receded in other areas of the state, regional personnel
and the USGS were requested to monitor watercourses in their regions.
Flow data collected by the DNR is included in Appendix D. Appendix
E includes streamflow hydrographs for the 13 watercourses where sur-
face water appropriation permits were suspended in 1988.

During 1986, many lakes were near or above their recorded highest
known levels inresponse to a decade of above normal precipitation. The
1987 and 1988 hydrologic years combined much lower than normal
precipitation with higher temperatures. The impacts of these conditions
on lake levels are graphically presented in Figures 4.7 and 4.8,

All of the graphs in Figure 4.8 have the same vertical and horizontal
scales. Of special note are the strong similarities in the rate of decline
of the six lakes in the southern half of the state. There has been no
recovery of lake levels in these lakes even with slightly above normal fall
precipitation.

The driest part of Minnesota in 1988 was the area from St. Cloud to
Brainerd, or approximately the central third of the state. That dryness
is very evident on the graph of Rice/Koronis Lakes (Stearns and Meeker
Counties) which experienced over six vertical feet of drop in water level
for the period 1986 to 1988. Mille Lacs Lake also experienced an equally
significant reduction in water levels.

An interesting comparison can be made between the levels of Min-
netonka and White Bear Lakes in the Twin Cities metropolitan area.
The major difterence between the two lakes is that Minnetonka has an
actively operated dam at its outlet (which involves an autumn drawdown)
while White Bear has a nonoperable outlet. The 1986-1988 graphs for
these two lakes show very similar water level regimes, including their
responses to the "super storm” of July 23, 1987. During the subject time
frame, Minnetonka levels receded by 4.4 feet, while White Bear levels
receded by 4.3 feet.

In contrast, Lake Vermilion (St. Louis County) did not recede as
dramatically as many lakes throughout Minnesota. Precipitation
amounts over much of the Arrowhead Region were closer to normal,
resulting in more stable levels on Vermilion. As the graph indicates, the
1988 peak stage was nearly as high as in 1986.

Appendix F contains additional lake level departure data for 1986 to
1988.
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Figure 4.7 HIGH/LOW LAKE LEVELS FOR 1986, 1987, 1988
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Figure 4.8
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