Analyzing the Impact of Wind Turbines on Crop Condition in Story
University of% County, lowa Using Airborne Hyperspectral Imaging BINGHAMTON

UNIYERSLTYX

Northernlowa Jacob Abramowitz?, Dr. Andrey Petrov2, Dr. Mark Sherrard3

1 Binghamton University, Binghamton, NY; 2 Department of Geography and 2 Department of Biology, University of Northern lowa, Cedar Falls, 1A

Abstract Results

The number of wind turbines in lowa is rapidly increasing. Many of these wind turbines are
built on agricultural land, yet the effects they have on crop condition are poorly understood. (a)
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Summary of Results

In * There was significant variability
In the four vegetation indices
across the study area (Fig. 1).

If wind turbines affect crop condition, it could impact agriculture in the United States.
Through calculation and comparison of four vegetation indices derived from hyperspectral
data, this study sought to quantify this impact. Airborne hyperspectral data of corn and
soybean fields in Story County, lowa were collected, providing 332 bands between 398.35 —
1001.04 nm. Four vegetation indices (red-edge NDVI, green absorption NDVI, leaf area
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index, and photochemical reflectance index) were calculated in regions near the turbines, N e cone e oo « All vegetation indices declined
whlc_:h were cor_npared to control regions away from the turbines. In gene_ral, the presence of e . e as distance from the turbine
turbines negatively affected crop condition; however, the effect varied by crop type. oae| T *

Increased (Fig. 2).
* In general, the presence of
turbines negatively affected crop
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Specifically, the presence of turbines tended to benefit corn crops but negatively impact
soybean crops.
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Research Goal and Objectives Green NDVI GNDV Red-Edge NDVI (RENDV i e e i e condition (Fig. 3a-d); however,

. . . . . _ st - B e 5 b oo g . s the effect varied by crop type.
Determine _the_lmpgct _of vymd tur_blne presence on Ioc_al crop condition using |-~ _ o 5 ool o 5l +  The presence of wind turbines
vegetation indices indicative of different crop properties 2oer ) B[ Bt B tended to improve crop
1) Calculate four vegetation indices: red edge NDVI (RENDVI); green NDVI 2 e £ o 3l : ] Co_ndltlon for corn pla_nts

(GNDVI); leaf area index (LAI); photochemical reflectance index (PRI) using ANRNY % e oo g e e " g e (Fig. 3e-h) and negatively
selected hyperspectral bands EteE - Fig. 3 Variation in four vegetation indices between Impact crop condition for
2) Det_ermine size/shape/direction of wind turbine affected wake regions and control '---f-f?i“ S0 S regions in the wake of turbines (wake) vs. regions soybean plants (Fig. 3i-I).
regions S | _ e v s away from turbines ((?ontrol). Data was d|V|de_d into .  pRJ (Fig. 3h,|) showed the most
3) Compare vegetation indices in wind turbine affected wake regions and control all fields (a-d), corn fields (e-h) and soybean fields wrenraed AT e
regions to determine if significant variability exists between the two using zonal | v h (i-1). * indicates a significant (p<0.05) difference P _
statistics Photochemical Reflectance Index (PRI) s S between the wake and control regions based on two- wake and control regions.
4) Determine whether the effect of wind turbines differs between corn and soybean B 07 A0 SN tailed pooled t-tests.
fields
Conclusions
Methods
 The linear regressions suggest that wind turbines actually improve crop condition.
Nevertheless, this analysis may have been biased by the shift from corn to soybean across the
S ——— wake area and the differential effect of turbines on these crops.
;f;jﬁﬁfmcfmnc?g'%ﬁ%m  The negative impact of wind turbines overall is a disappointing result for American
Data Reduction Method (ENVD) _ o agriculture; however, this effect could be due to a higher % of soybean in wake vs. control
1 Fig. 1 Maps of the study areas depicting measures of crop type (a), corn areas and general differences in spectral signatures between these crops.
Calculation/Development of VIs (eNvI): | | Site Selection (ArcMapy: suitability rating (b), and the four calculated vegetation indices (c-). The red « The differential impact of turbines on corn (positive) vs. soybeans (negative) could be related
PSR 212:1;”1;’:1““::::? shapes represent regions in the wake of wind turbines and blue circles represent to cooling, especially for PRI, which is a measure of light stress. The differing impact of
Photochemical Reflctance Index (PRD conditions and feld location (cdge effec) control regions used In this study. turbines on corn vs. soybean could also be due to differences in crop height.
// * Future analyses should also:
Calculate zonal statistics for each VI | | Draw conclusions from zonal 1. Quantify biomass to supplement measured parameters

b

and compare between tutbine statistic analysis of regions. 2. Ensure consistent farming practices across study area

affected regions and control regions without regard to crop type (@) SRR 450} (g) F=11.33 07H) F18.95
0.95 - p<0.001 o5l il o5 p<0.001

R oz 3. Ensure full range of spectral data collection (i.e. red wavelength)
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Fig. 2 Linear regressions of the four vegetation indices against distance from a |
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Differentiate fields by crop type,
recalculate zonal statistics

Draw conclusions from zonal
statistic analysis of regions, for
corn only and soybeans only
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