Streamflow Changes in the
Upper Mississippi River Basin

Keith Schilling, lowa DNR -
Geological Survey, lowa City, lowa

Q at 4 USGS
stations along
MR since
1940s:
An increasing
trend

Why is this important?

MR is the longest and largest river in N. America covering all or
parts of 31 states and 2 provinces

MR and its basin provide important habitat for fish, wildlife and
living ground for American people

Much of the basin is and cultivation has
reduced biodiversity, altered biogeochemistry, and impacted
regional climates and basin hydrology;

Many tributaries deliver substantial amounts of sediment,
nutrients, and contaminants into the river contributing to many
problems, including

It is important to know the difference in amounts of nutrients
and contaminants carried by surface runoff and baseflow order
to effectively and efficiently deal with the problems

Is the MR flow increasing ?

We selected 8 USGS gauging stations and
checked their Q

Station 1 —4: Along the MR
Station 5 — 8: Outside the MR basin

Q at 4 USGS
stations
outside the
MR basin

since 1940s:
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What we observed...

Large increases in Q were observed in most stations
since 1940s around the ;
* these increases are statistically significant (p < 0.01)

The finding of increasing Q is consistent with other
studies

* Linsand Slack (1999)

* Schilling and Libra (2003)

What has caused increased
streamflow?
* Precipitation has increased - P increased

Is Streamflow Increasing in lowa?

Land Cover in lowa around 1850

about 7% during the last 60 years

e However,

» Fundamental change in rainfall/runoff

relationship — Q increasing at greater rate

than increasing P alone can explain
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How has agriculture changed?

In lowa, changes in
agricultural land use began
around 1940

Soybean acreage increased
from 1 to 11 million acres
from 1940 to 2000

With corresponding
increase in corn acreage,
row crop acreage in lowa
increased approximately
30-40% from 1940-2000

Eom and Saybean Acres Planted, lows




How has the agriculture changed? « Regional scale - lowa

» Watershed scale

Percentage of Land in Corn and Soybeans
(by County)
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What has changing land cover
done to watershed hydrology?

Difference in ET between perennial vs.
annual crops

LAND

Single crop ET coefficients (Kc)
COVER

Estimated crop ET = Kc * PET
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LONG-TERM WATER BALANCE
FOR THE MR BASIN

ET — Evapotranspiration

Effect of land cover on groundwater recharge

(R)
R-0b=4S

T more ET, T less ET;

57 re AN

{less R, 4 more R

Over long period of time 4S = 0 and thus R = Qb
R; >R, s0 Qb > Qb,

Thus, changing land cover from perennial to seasonal
crops would result in an increase in baseflow

Effect of land cover on
nvater tabhle hehavior

— West-No vegetation

| — East-Grass

®
3
5]

-
2
&

~
@
o

o ¢
=]

a

L

~
<
<

Water Table Elevation (ft)

~
@
ES

Change in Water
Table Depth (m)
Cummulative ET (mm)

Elapsed Time (days)

Zhang and Schilling, J. Hydrol. 2006

Effect of land use change on river flow

A basin covered by
seasonal Crops
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Q before 1940 is smaller than Q after 1940.

What else has accompanied
nging land use patterns?

* Tile drainage




What else has accompanied
changing land use patterns?

* Improved
conservation
practices

Prediction of Baseflow using Multiple
Linear Regression
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Q = 0.645(RAIN) + 0.0607(%SAND) + 0.0519(%RC) — 16.3

Qb = 0.247(RAIN) + 0.047(%SAND) + 0.063(%RC) +
0.0142(PERM) + 0.0528(%ALLUV) — 11.2

Schilling and Wolter, JAWRA, 2006

Historical evidence — Raccoon River watershed scale
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Relation of land use to baseflow

Plot studies
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Corn and soybeans
have greater drainage
and less ET than
perennial grasses

Brye et al., Soil
Sci. Am. J. 64:715-
724 (2000)
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« Streamflow changes in Raccoon River significantly
correlated to changing land use patterns

Watershed

Period
of Analysis

Winnebago
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19422000
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Raccoon River __1927-2000

(0.041)
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Schilling,, Agriculture Ecosystems & Environment, 2005
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Historical evidence — regional scale - lowa

Baseflow increased in lowa since mid-20t century
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Relation of Baseflow in Mississippi
River to Increasing Soybean Production
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Zhang and Schilling, J. Hydrol., 2006

Groundwater discharge as baseflow provides
main source of nitrate to streams

Baseflow contribution to N-loads

in Raccoon River

For example, in two central lowa watersheds, export of

nitrate occurred primarily with baseflow (61-68%)
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66.7% of nitrate delivered by baseflow
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Tile Drainage Contributes to Baseflow and
Nitrate Concentrations and Loads
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Relation of Row Crop Land Use to
Nitrate Concentrations

Concentrations
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Historical Perspective

Nitrate concentrations in lowa’s streams have
increased since the mid-20t century

Cedar River at Cedar Rapids
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Conclusion

Changing land cover from perennial mixed cropping systems to
row crops of corn and soybeans increased baseflow and has
likely contributed to increasing nitrate-N losses from the
agricultural Midwest.




