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Crop water

Vegetation water content (VWC) of crops —
Crop water!

O: Crop water
Crops act as temporary reservoirs of water
Crop water is an important measurement.
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* Drought detection and prediction Soil Moisture
* Improve weather forecasts

In-situ measurement of crop water is an
intensive process.

Solution: microwave remote sensing
measurements!

Soil Moisture
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SMAP can provide important measurements
of crop water.

 \Vegetation optical depth (VOD) T=b XVWC
 VOD is a measurement of the [ \ \
attenuation of microwave radiation due

to vegetation. VOD b-parameter crop water

* VOD is linearly related to crop water. S om0 .
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b-parameter depends on the

type of vegetation Corn N
* b-parameter values for corn and soybean ¥ %% °
are different! (Jackson and O’Neill (1990))

* Corn: 0.115
* Soybean: 0.086

* SMAP cropland b-parameter =0.11

e Corn and soybean rotations dominate
croplands of the U.S. corn belt, but the
distribution is heterogeneous

e Variation in the proportion of these crops
could cause errors in VOD and soil
moisture retrievals.




Should the b-parameter be
constant across the U.S.
Corn belt?

Hypothesis: As relative corn percentage in a SMAP: pixel
increases, the b-parameter will increase.



Analysis of the b-parameter across the corn belt

* To calculate the b-parameter we need:

* VOD
* Crop water b — VOD
* SMAP L2 DCA VOD Crop Water

* Crop water

* |n-situ measurements at satellite scale are
too prohibitive

* We can simulate crop water with a crop
model!

Agro-IBIS Structure

* To address hypothesis, compare b-
parameters across pixels with a range of
crop distributions




Study locations

Study site-years

e 18 sites across 5 states in the U.S.
corn belt

e 2015, 2016, and 2017
* Total site-years: 54

Sites chosen are designated by SMAP
as ‘cropland’

Sites chosen contain at least 65% corn
and soybeans

Crop percentages calculated using the
USDA Cropland Data Layer (CDL).

Range of crop
* Soybean —26%- 45%
* Corn—29% - 60%
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Agro-IBIS crop model

* Agro-IBIS simulations of crop biomass ~
(corn and soybean) a ,
* 4km gridded simulations “&\ b '
e ~60 gridpoints for each SMAP pixel ] <)
* Gridpoints averaged together for each 3
SMAP pixel N K/
* Crop planting dates determined using .: 0

USDA crop progress reports.

* Crops in model planted at 50% acres
reported planted

2015 SFIR example simulation



Simulating crop water at SMAP scale

dry biomass X 6, = Crop Water
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Compute 6, using model Corn and soy!oean crop
based on field water weighted

measurements according to CDL
percentages

Simulate dry biomass
with Agro-IBIS



SMAP VOD & Analysis
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* SMAP L2 DCA VOD data T x
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each pixel °
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Example analysis: South Fork lowa River (SFIR)

e Data from the year 2017

* SFIR crop percentage:
* Corn: 58%
* Soybean: 26%

* SMAP VOD increases linearly as
crop water increases.

* Calculated b-parameter is slope of
line from planting to peak water
content

* b-parameter: 0.12
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Example analysis: Redwood Falls, MN

e Data from the year 2017

* Redwood Falls crop percentage:
* Corn: 40%
* Soybean: 35%

* SMAP VOD increases linearly as
crop water increases.

* Calculated b-parameter is slope of
line from planting to peak water
content

* b-parameter: 0.10
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Linear relationship between SMAP VOD and
crop water holds across the U.S. cornbelt.
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b-parameter

SMA
fract

O

2015

2016

0-parameter and relative corn
N have a small, positive correlation

2017
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summary

* Hypothesis: As relative corn percentage in a SMAP pixel increases, the
b-parameter will increase.

* This study found:

* The linear increase between SMAP VOD and crop water holds throughout the
U.S. corn belt region.

* The b-parameters calculated for all site-years were in a range around the
SMAP cropland value of 0.11.

* There is a slight positive correlation between the relative corn percentage and
the b-parameter, but not statistically significant.



Initial slope vs. dry-down slo

* Two patterns exist in the data from
crop water and SMAP VOD.

* Planting to peak crop water (initial

slope)

* Peak crop water to harvest (dry-down)

* This study focuses on initial slope,
but shows that dry-down slope may

be important
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Conclusions

e Potential errors can be introduced into the
retrievals from SMAP across the U.S. corn belt

e However calculated values are centered
around current b-parameter value of 0.11

* Plans to extend the study for years after 2017 to
understand variability

e Research into the ‘dry-down slope’ should be
done to understand the impact of vegetation
canopy structural changes to the b-parameter.
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B-parameter vs. relative corn percentage
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SFIR Planting Date Case Study
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