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filling period information was used to select satellite images covering this period of time

over the selected counties.

MODIS VI 250-m 16-day composite (MOD13Q1) images were downloaded from
the National Aeronautic and Space Administration (NASA) Land Process Distributed

Active Archive Center (LPDAAC) (https:/Ipdaac.usgs.gov/Ipdaac/get data/data pool

corresponding to the period around mid-grain filling period for Nebraska (NE), lowa
(IA), and Illinois (IL) and during the entire growing season over selected counties in NE
and IA during 2006 until 2007. The state of NE was covered by one tile (h10v04) while
IL and IA were covered by two, (h10v05 and h11v04) and three (h10v05, h11v04, and
h11v05) tiles, respectively. All MODIS images were processed, reprojected, and
converted to GeoTIFF format using the MODIS Reprojection Tool Version 4.0 (MRT)

downloaded from LPAAC (https://Ipdaac.usgs.gov/Ipdaac/tools).

MODIS images corresponding to parts of the states of IL and IA (tiles h10vO0S,
h11v04, and h11v05 and tiles h10v04 and h11v04, respectively) were jointed using the
mosaic tool available in ERDAS IMAGINE®. Areas planted in maize were retrieved
from the USDA-NASS crop data layer for NE, IA, and IL during 2006 and 2007.
Information of NDVI and the day of pixel composite (DOYCMP) data over areas planted
in maize were obtained for each selected county using the mask tool that retrieved only
the selected information. Estimates of LA, over areas planted in maize were obtained
using the linear model calibrated and validated using field data from 2001 until 2005 and

2006 until 2009, respectively, under rainfed and irrigated conditions (Chapter 1).

LAI = 5.59 * WDRVI + 2.24 eq. 3
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Table 1. Relationships between crop biophysical parameters and maize grain final yield

under irrigated and rainfed conditions.

Crop Correlation coefficient values (R)
Biophysical Development stage
Parameter V7-V9 | VI10-V12 | VT-R1 | R3-R4 | R5
LAI, 0.27 0.61 0.84 0.94 0.61
LB, 0.20 0.60 0.76 0.90 0.65
SB 0.12 0.39 0.83 0.86 0.75
TDM 0.17 0.49 0.82 0.92 0.95
RB - - 0.16 0.59 0.45
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Figure 1. Maize grain production by state as a percent of the total

production.
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Figure 2. Location of the selected counties in Nebraska for maize final yield estimation.
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Study Areas in Illinois, USA
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Figure 4. Location of the selected counties in Illinois for maize final yield estimation.
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day of year (DOY) under irrigated (S1 and S2) and rainfed (S3) conditions

(a) 2001

® SI
o S2
v S3

0 — T

120 140 160 180 200 220 240 260 280

DOY

(c) 2005

120 140 160 180 200 220 240 260 280

DOY

2 -2
LAIL, (m" m™)

LAI, (m” m”)

(b) 2003

120 140 160 180 200 220 240 260 280

DOY

(d) 2007

120 140 160 180 200 220 240 260 280

DOY

during (a) 2001, (b) 2003, (c) 2005, and (d) 2007.

110



(a) Irrigated

Estimates of LAIg (m2 m?)
!

0 T T

@  Scotts Bluff
QO Banner
V¥ Kimball

(b) Irrigated

@ Chase
O  Perkins
V¥ Hitchcock

0
T T T T T T T T T T T T T
140 160 180 200 220 240 260 280 300 320 140 160 180 200 220 240 260 280 300 320
DOY DOY

6 - - 6
(C) Irrlgated ‘ Nuckolls (d) Irrlgated/ ‘ Perkins-Rainfed

5 N O  Kearney RainfedO O  Perkins-Irigated P
).~ v Phelps o VW Furnas-Rainfed
3 AE: A\ Fumas-Irrigated

4 o/ é\ o -4

Estimates of LAIg (m2 m?)
!

140 160 180 200 220 240 260 280 300 320

Figure 6. Estimates of average LAI, profiles over maize grown in Nebraska for (a)
Scotts Bluff, Banner, and Kimball, (b) Chase, Perkins, and Hitchcock, (c) Nuckolls,

DOY

140 160 180 200 220 240 260 280 300 320

DOY

Estimates of LAIg (m2 m?)

Estimates of LAI, (m’* m?)

Kearney, and Phelps counties under irrigated conditions and for (d) Perkins and

Furnas counties under irrigated and rainfed conditions over during 2006.

111



112

6
(a) Nebraska

5 —
L
< 4q
—
[ [ ]
=]
Q
= - L]
£ o
w2 o .
m

°® e

YLD=2558* LAI, +513

RMSE =724 kg ha™!

n=41

. R =0.94
0 T T T T T T

0 2000 4000 6000 8000 10000 12000 14000

NASS maize grain FY (kg ha™)

6
(b) ITowa
5 —
O -
< 4 :
— (O
m )
] . éi
w 3 —
o]
<
£
@ 24
o
YLD =2726*LAL, + 1833
1 RMSE = 424 kg ha”
n=46
. R’=0.86
0 T T T T T T

0 2000 4000 6000 8000 10000 12000 14000

NASS maize grain FY (kg ha™)

6
(c) Illinois :
5 pad
2 V ‘
4 Ly v ’

Estimates of LAI
w
|

YLD=3958*LAI,+ 1524
RMSE =874 kg ha™
n=38

R*=0.77

0 T T T T T T

0 2000 4000 6000 8000 10000 12000 14000

NASS maize grain FY (kg ha™)

Figure 7. Relationships between green leaf area index and maize grain final yield
(FY) reported by the National Agricultural Statistics Service (NASS) over study
sites in (a) Nebraska, (b) lowa, and (c) Illinois during 2006 and 2007.
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SUMMARY

The main limitation to retrieving useful information regarding yield predictions
for agricultural crops is the lack of understanding of how crops change according to
developmental stage or crop dynamics in order to evaluate potential capabilities and
limitations of satellite data. The feasibility of using remote sensing data from MODIS
products to measure crop biophysical parameters such as maize LAI, requires a good
understanding of techniques used to assemble the satellite data in terms of temporal
resolution. An important result from this study is the importance of day of pixel
composite information from MODIS products for monitoring agricultural crops. Due to
the maize LAI, dynamics and changes in MODIS temporal resolution, the inclusion of
DOYCMP has important implications for estimating and monitoring agricultural crop
dynamics. The results of this study showed that MODIS 250-m resolution provides more
accurate estimates of maize LAI, compared to MODIS 500-m resolution. An important
result of this study is demonstrating the ability to estimate maize LAI, without the use of
radiative transfer models.

Estimates of maize LAI, obtained from Wide Dynamic Range Vegetation Index
using data retrieved from MODIS VI 250-m 16 day composite (MOD13Q1) can be
incorporated in crop simulation models to predict maize final yields over large regions
such as a county. Results from this study showed that the incorporation of LAI, obtained
from MODIS products allowed the improvement of LAI, simulations by the Muchow-
Sinclair-Bennett maize model reducing the RMSE of LAI, for all years of study under
irrigated conditions. An important result is that WDRVI could allow the incorporation of

accurate estimates of LAI, from moderate to high values (LAI > 3.00 m” m™) into crop
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simulation models. Results presented in this study suggested that inaccurate estimates of
LAI, obtained from MODIS 8 and 16 day composite products without the incorporation
of DOYCMP could affect the LAI, simulations by the MSB model. The overall FY
predictions by the MSB model were improved by 23 and 26 percent with estimates of
LAI, obtained from MODIS 250-m 8 and 16 day composite under irrigated conditions,
respectively. However, more accurate estimates of LAI, did not necessarily imply better
final yield (FY) predictions in the maize model for all years of study. The approach of
incorporating LAI, into crop simulation models may not offer a panacea for problem
solving; this approach is limited in its ability to simulate other factors influencing crop

yields.

The approach of relating a key crop biophysical parameter at the optimum stage
with maize grain final yields is a robust technique for early estimation of maize grain FY
over large areas such as a county. Results suggested that estimates of LAI, obtained
during the mid-grain filling period can used to detect variability of maize grain yield at
county levels. Estimates of green leaf area index obtained during the mid-grain filling
period showed a strong correlation (R*> 0.75 and RMSE < 900 kg ha™) with maize grain
final yield reported by the United State Department of Agriculture (USDA) National
Agricultural Statistic Service (NASS) over selected counties in Nebraska, Iowa, and
[llinois. The approach presented in this study provides a robust technique to early FY
estimation because it is based on a key crop biophysical parameter at the optimum
development stage closely related with maize FY. This technique offers a rapid way to
detect variability of FY at county level using MODIS 250-m products. The technique to

relate LAI, with maize FY could be improved by developing critical values of LAI,
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during the mid-grain filling period for specific regions that can be used to detect areas of

potential high or low yields.



