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Background

Diving forces...

» Biofuel demands
» High corn and soybean prices
» Grain (corn) demand
» Government payments
» Crop insurance subsidies
» Disaster payments

Crop Prices, No. 1 Reason for Converting
Grassland to Cropland
75 percent plant soybeans or corn on converted acres
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Topic: Impacts of Land Use and Land Cover
Change on Water Quality in the Big Sioux River
Basin: 2006-2016
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The objectives of the research are to determine:
(1) Land Use and Land Cover (LULC) change in the Big Sioux River (BSR)
watershed,

(2) spatial and temporal trends of nitrogen levels in the BSR, and

(3) determine whether there is a correlation between LULC change and
changes in nitrogen levels in the river.

Additional questions:
* How do we detect temporal trend in water quality?

e How can | use Mann-Kendall test to show the relation between LULC
change and changes in nitrates level?



Grassland to cropland conversion in South Dakota

e Conversion of 1.8 million acres of
grassland to cropland, in South

Dakota, between 2006 to 2012.

* Most of the conversion took place

in the eastern and central SD.

Figure 1. Nine USDA-NASS regions in South Dakota
{Map Created by K.D. Reitsma, Source of Data, USDA-NASS)




Nitrogen
Leaching

decaying plants, septic tanks, or
from fertilizer.

U

Sources: manures, composts, ||

) Nitrate is soluble and mobile |

| Water added in | : irrigation, evaporation, and
excess of the soil’s |y .| Excess Nitrates = Leaching |<:J transpiration contribute to nitrate

water- (rain water) movement.

present in the soil- reduce

l Minimize the amount of nitrate
)  leaching U



Nitrogen Level in the BSR

East Dakota Water Development District
(EDWDD) reports increasing trend of nitrogen
level in the BSR.

Elevated nitrogen levels in river water are
associated with anthropogenic sources such
as synthetic fertilizers, manure, septic waste,
and livestock wastewater

Big Sioux River & Tributary Nitrate Levels
07/18/16 - 07/24/16
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Methodology

e Study Area:
The Big Sioux River Watershed

* Location: Lies mostly (6,000 sqg. miles)
in Eastern SD, (1,500 sg. miles) in
Minnesota, and (1,500 sqg. miles) in
lowa

* 420 miles long river that begins in

Roberts County, SD and flows south to
Missouri River in Sioux City, lowa

' Big-Sioux River

tershed‘, SD

484,000 acres of grassland
converted to cropland,
from 2006 to 2012.
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NASS CDL:2006-2016
Water Quality Data /

(East Dakota Water —> ] Dicital Elevation Model
Development District) Data Collection | Vlgftal Hlevation Voge

| ' | CDL Reclassification

Data Aggregation by Season Land Use Land Cover Change |« Trend of LULC change

\ Change Matrix

Man-Kendall Test

Land Use Ratio

Trend of Nitrates




Data Download
* Land Use Data
* National Agricultural Statistics Service
(NASS) CropScape-Cropland Data Layer

Methodology

/! NASS CDL:2007-2015 (CDL): 2006-2016 [www.nass.usda.gov]
Water Quality Data Y v~ o * Water quality data
e East Dakota Water Development District,
SD
[ Data Aggregation by Season }  US EPA- Surf your Watershed
| e Others

e Arc Grid representing a Digital Elevation
Model for the Big Sioux River

e Climate data [NCEI Map Viewer
gis.ncdc.noaa.gov/map/viewer ]

« Streamflow (discharge) data [ US EPA- Surf
your Watershed]

[ Man-Kendall Test ]

|

Spatial Pattern of
Trend



http://gis.ncdc.noaa.gov/map/viewer/#app=cdo&cfg=cdo&theme=daily&layers=111&node=gis

Data

Digital Elevation Model (DEM)

Cropland Data Layer 2007

DEM (Big Sioux River Watershed)
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Big-Sioux River Wdtershed, SD
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Data

Gauge Stations at BSR

Nitrogen Data

in the Big S
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Data quality

CDL Data Nitrogen Data

 CDLis designed and produced withthe ¢ The collected data meet the
intent of monitoring annual land cover, National Water Program
and is widely used for cropland Guidance release by EPA.
analysis.

* Non-crop areas are also identified but
with less specificity and concern over
accuracy

 2006-08: 56m resolution, whereas
2009-15: 30m resolution [resample to
smaller scale]



|\/|eth0d0|09y Data Aggregation by Season

- Availability of data
- Robust
- Missing values

Water Quality Data
'\ DEM
Seasons Months

/ NASS CDL:2006-2016

Winter Dec, Jan, Feb

Spring March, April, May

[ Man-Kendall Test ] Summer June, July, August
| Fall Sep, Oct, Nov

Spatial Pattern of
Trend




Methodology
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Spatial Pattern of
Trend
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/ NASS CDL:2006-2016

-

DEM

Man-Kendall Test

Non parametric trend analysis.

Derives tau and level of significance

Helps understand +ve, -ve or not
significant trend

Monotonic

Estimates the number of stations with
increasing and decreasing NO3-N
trends

Permits missing data to evaluate the
tendency of change in nitrates



Methodology Trend Analysis

 Categorize the 13 sub-watersheds
P Sp— into 3 sub-basins: Upper, Central, and

Water Qualty Data W / Lower sub-basins.
'\ DEM

* Increasing, not significant, and
decreasing trend) for each sub-
basins.

— * Determine the stations showing

significant upward and downward
trends in nitrate concentrations in
the Mann—Kendall.



Spatial changes of land use from 2006 to 2016

CDL Analysis

e Reclassification

* Trend of LULC change

e Change Matrix (Contingency
Table)

Reclassification Table

Classes Categories

Corn/Soy Corn and Soybeans

Other Crops | Wheat, Alfalfa, Sorghum, Oats,
Millet, Pumpkin, Flaxseed,
Potatoes, and other crops.

Water Water, Wetlands

Developed Open space, low/medium/high
density

Grassland Switchgrass, Grass/Pasture, Fruit

Trees, Shrub land, Barren, and

others




LULC in the Big Sioux{River Watershed in 201%

LULC in the Big Sioux{River Watershed inZ2008

Corn/Soybean
increased by 1.09
million acres

Minnesota

Minnesota

Grassland decreased
by 917,000 acres

Legend Legend
E State_Boundary D State_Boundary
I com and Saybean I corn and Soybean
[7] other crops [ other Crops s
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Land Use Land Cover Change
* Reclassification

* Trend of LULC change

* Change Matrix

Area in 1,000 Acres
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Land Use Land Cover Change
Reclassification
+  Trend of LULC change

« Change Matrix

Table: CDL Data Reclassification into 5 major class types, area in 1,000 of acres, from 2006 to 2016.

2016 2016 2016 2016 2016

Sfyﬂb;:l;n g::;: Water |Developed| Grassland Total

2006|Corn/Soybean| 50.41 2.77 0.44 1.02 56.80
2006| Other Crops 6.26 15 0.64 0.29 13.74
2006 Water 1.41 4.52 0.14 1.36 7.99
2006| Developed 1.92 0.20 1.29 7.88
2006/ Grassland 0.57 8.91 13.58
Total 6.07 18.54 100.00




Land Use Change in Big Sioux River Basin, SD

Land Change Ratio +

* The change ratio of each land use category = area of

each land use category in 2016 / the area of relevant

land use in 2006.

* |f the calculated ratio > 1.0, the land use was

considered to have expanded since 2006.

* Iftheratio < 1.0, the land use was reduced in relation

to conversion to a different land use category.

Legend
Land Use Changes

l:l No Corn Data

- MNo Change in Corn Acreage
- Reduced Corn Acreage
[::::] Expanded Corn Acreage o Tuie



Land Change Ratio

Land uses 2006 2016
Parameter for Change Ratio
Uppe]- Basil_ ACTES i.. ]{H}ﬂ

Corn/Soy 1831.26 2571.88 1.40
Other Crops 1506.32 558.79 0.37
Water 944.98 810.57 0.86
Developed 340.75 242.92 0.71
Grassland 896.07 1332.12 1.49

Upper Basin (BSR), SD

Legend

Land UseChnages

[ IhocCorn Data

I v Change in Corn Acersge
Il 7=cucec Gom Acerage
[ Expanded corn Acerage
Nitrates Trends

@ nestatonna
A Fositive

reani Ty
- s

- -‘t:

MU L T Tiiles i
0 232545 9 135 18 s



entral Basin (BSR), ¢

Land Change Ratio

Legend
Land Use Changes
[ Inecompata
I i Change in Corn Acerage
Il Recuced Com Acerage

[ Expanded Corn Acerage
*  Hitrates Trends

' Negstive
. MNeutal or NA
A Positive
Land uses 2006 2016
Parameter for Change Ratio
e e Acres in 1000
Corn/Soy 4306.66 4660.11 1.08
Other Crops §93.583 475,31 0.53
Water 456.72 253.62 0.56
Developed 675.85 503.22 0.74
Grassland 950.18 1418.51 1.45




Land Change Ratio

Land uses 2006 2016 o
Parameter for Change Ratio|
Lower Basin Acres in 1000

Corn/Soy 4404.48 4409.75 1.00
Other Crops 150.74 127.38 0.85
Water 50.15 117.64 1.47
Developed 446.63 380.49 0.85
Grassland 644.76 6587.90 1.07

Lower Basin (BSR), SD

Legend
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NO3-N trends

Nitrogen Concentration

o1 2 3 4 5 68 7 8 9 10 11 12 13 14 15

NO3-N trends at Bub-Basin 13

Mann-Kendall test is statistically

significant, suggesting the presence of a

statistically significant upward trend i
the nitrates time series.

95% confidence interval for
the slope of the upward
trend was detected in the

7\ series of nitrates levels
b

s

A

Jan-2000 Nov-2000  Oct-2001 Aug-2002  Jun-2003 Mar-2004 Jan-2005 Nov-2005 Oct-2006 Aug-2008 Jan-2010 Nov-2010  Ocit-2011 Aug-2012  Jul-2015 May-2016

year

»Mean =7.54
>»sd=3.74

> max= 18

» min=0.45
»>10 mg/L = 146

tau = 0.228, 2-sided
pvalue =1.8835e-05

Level Percentile

95% (-0.1735, 0.1703 )



Conclusion

» Results are important:

» likely to provide a better understanding of the role of LULC change to BSR
water quality,

» be important to water supply organizations and farmers in developing
improved land management strategies and to ensure clean and affordable
public water,

» the results of the pending court case may alter the Corn Belt Farmland
management and Water Acts and could have an impact on EDWDD and
other water districts
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