Besides Soil Moisture, What can be “Seen” with
Satellite L-band Radiometry in the U.S. Corn Belt?
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1. Seasonal changes in cropland above-ground biomass (AGB).
The relationship between crop tissue water (VWC) and AGB.

Confirmation that L-band vegetation optical depth (L-VOD)
is directly proportional to VWC at the satellite scale.

Seasonal change in L-VOD caused by VWC seasonal change.

2. The timing of a specific crop reproductive development stage, as well as harvest,
and a point in the growing season related to planting.

|[dentification of growing season L-VOD maximum and minima.

3. Changes in soil surface roughness caused by management (tillage) and rain.
Soil surface roughness parameter h #s-unpolarized.

4. Crop water stress.

Diurnal change in L-band polarization index (L-Pl) and thus L-VOD
hypothesized to indicate occurrence of transpiration.



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

1. Seasonal changes in cropland above-ground biomass (AGB).
The relationship between crop tissue water (VWC) and AGB.

Confirmation that L-band vegetation optical depth (L-VOD)
is directly proportional to VWC at the satellite scale.

Seasonal change in L-VOD caused by VWC seasonal change.

2. The timing of a specific crop reproductive development stage, as well as harvest,
and a point in the growing season related to planting.

|[dentification of growing season L-VOD maximum and minima.

3. Changes in soil surface roughness caused by management (tillage) and rain.
Soil surface roughness parameter h #s-unpolarized.

4. Crop water stress.

Diurnal change in L-band polarization index (L-Pl) and thus L-VOD
hypothesized to indicate occurrence of transpiration.



IOWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLO:GY

—
\}

g

—
o

ratio of vegetation water column (VWCQC)
vegetgtiabh onagiating 00 rasen{ AG Blkg/kg)

Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

* - all years
. corn + 2003
1 T * 2009 .
AT 2015
1 5 .o . ) -7 ]
R" linear: 0.36, p-value: <10
¢ R? exp: 0.91, p-value: <107’
[+ o
* %
+ in situ measurements
0 500 1000 1500

thermal time (°C-day)

Togliatti et al. (2019) RSE



IOWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLOGY

o
'

o
W

SMAP VOD, Np

<
(1)

SFIR, IA

SMAP VOD, Np

GDD<1000°C-day
GDD=1000°C -day

vegetation w

S
’S

e
w

=
()

Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

Redwood Falls, MN

GDD<1000°C-day
GDD=1000°C-day

4 5

(VWC), kg m?

Hartman et al. (2023) RSE



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

OF SCIENCE AND TECHNOLO:GY

0-8 T T T
o~ @ L-VOD-ndwi
0 I L-VOD-ir; ::tlu a
O 06+ ¥ L-VOD-crop model
>I ——— SMAP-v2 '}
= Quantitative assessment using:
<
) NDWI;
©
© L
kS oL ‘ . ‘ . . ‘ In situ measurements;
)

0.8 T T T T T T T
S . VWC from a crop model.
o 06F 1
©
(@))
()
>
©
C
4]
<Q
— ol | | | | | |

140 160 180 200 220 240 260 28( Tog“att' et a|_ (2020) GRSL

day of year



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

1. Seasonal changes in cropland above-ground biomass (AGB).
The relationship between crop tissue water (VWC) and AGB.

Confirmation that L-band vegetation optical depth (L-VOD)
is directly proportional to VWC at the satellite scale.

Seasonal change in L-VOD caused by VWC seasonal change.

2. The timing of a specific crop reproductive development stage, as well as harvest,
and a point in the growing season related to planting.

|[dentification of growing season L-VOD maximum and minima.

3. Changes in soil surface roughness caused by management (tillage) and rain.
Soil surface roughness parameter h #s-unpolarized.

4. Crop water stress.

Diurnal change in L-band polarization index (L-Pl) and thus L-VOD
hypothesized to indicate occurrence of transpiration.



IOWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLO:GY

Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

7 T T T T T T
0] ma?ze water 0 o O eme ntS
% maize dry &
O soybean water
6 = soybeandry (@]
= SMOS pixel water

vegetation water column (VWC), kg m™
above-grour ' ="~~~ “AGB), kg m*

0 e N L AL
0 200 400

peak VWC occurs
at a specific
stage of development
(R2 = milk)
(1000 °C day for NE/IA)

600 800 1000 1200 1400 1600 1800

thermar uime (Vo) since pranuny, ~C day Hornbuckle et al. (2016) RSE



IOWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLO:GY

245

GJ 245 T T T T T T =
& o 2010 -
-— * 2011
—_— 2400 o 2012 |-
Ve
a * 2013 P
E 035 ‘ * * %k ¥
o - |
a * e * *
C . ** * *
b 230 : ‘ . . * .*-// i
C>t R=0.73, p = 2.6e-21 : “ u .
rd
T 225f ﬁ o P i
. e
C : (0] O‘A’ *
S p0f 1 1 RREIT a0 Rt SN TP -
S ~ § o % osf) gro00 , ,
C 215 | | .7 o %°ox% dk X% i
- | oo 5 %
L N X
= o ° ‘o * ©
C 210F < |
o o - (0]
(- OO O Qoo o *
« oo B2°g
ad 205 N = 2 ]= 2 o |
~ . - . .
- s a ) .
Y— 7 o : : ‘
C 200—/’|:| -
>\ // : :
g 195 7 | | | | | | |
195 200 205 210 215 220 225 230 240

day of yc.. <. ...

e VOD

Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

When do we reach
peak VWC
(phenology stage)?

v

soil surface
roughness

annual crops

v 1

/['other vegetation |

>

day of year

Hornbuckle et al. (2016) RSE



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

1. Seasonal changes in cropland above-ground biomass (AGB).
The relationship between crop tissue water (VWC) and AGB.

Confirmation that L-band vegetation optical depth (L-VOD)
is directly proportional to VWC at the satellite scale.

Seasonal change in L-VOD caused by VWC seasonal change.

2. The timing of a specific crop reproductive development stage, as well as harvest,
and a point in the growing season related to planting.

|[dentification of growing season L-VOD maximum and minima.

3. Changes in soil surface roughness caused by management (tillage) and rain.
Soil surface roughness parameter h isunpolarized.

4. Crop water stress.

Diurnal change in L-band polarization index (L-Pl) and thus L-VOD
hypothesized to indicate occurrence of transpiration.



IOWA STATE UNIVERSITY

OF SCIENCE AND TECHNOLO:GY

roughness parameter /) =

@ h—pol v-pol «eieiinenn SMAP default
0.5+ .o a
T £ 4 2
1 o AT
™ P R U2, £
.-’- |2 -»‘.!'.( oﬂ.
........ NI ey et | VOIS
0 1 | 1 I o 1
Mar Apr May Jun Jul Aug Sep Oct Nov
2015
‘I r' 1 I. 1 T T ] T [ | &
0.5+ AFLY o
i [ ]
"1:;:-. E\\f‘f‘ - .‘#h
. ... ' ...... ::L ............................ r“‘#.
0 1 TP ) i i I 1 1
Mar Apr May Jun Jul Aug Sep Oct Nov
2016
X,
- : ,Q.’. ~
N 7
: s
[$'1.}.~ ................................. ot - O
Mar Apr May J un Jul Aug Sep Oct Nov
2017

Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

1 T -
/
/>
n
° T ,
m e 0}
0.8
S 3
= Y
8‘ m N - .‘{‘.
;'> 0.6 g ] :"-. L
E .....If.
S % g
S ° h.
Fd Y o o -.
L 04t >
> om A ‘
g o o
=2 ||
& o o
Leie
S 02F . my
® = [ | retrievals
ks . . = ® 7-day median
0 e L L L 1
0 0.2 0.4 0.6 0.8 1

h retrieved from h-pol T

Walker et al. (2023) RSE



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

1. Seasonal changes in cropland above-ground biomass (AGB).
The relationship between crop tissue water (VWC) and AGB.

Confirmation that L-band vegetation optical depth (L-VOD)
is directly proportional to VWC at the satellite scale.

Seasonal change in L-VOD caused by VWC seasonal change.

2. The timing of a specific crop reproductive development stage, as well as harvest,
and a point in the growing season related to planting.

|[dentification of growing season L-VOD maximum and minima.

3. Changes in soil surface roughness caused by management (tillage) and rain.
Soil surface roughness parameter h #s-unpolarized.

4. Crop water stress.

Diurnal change in L-band polarization index (L-Pl) and thus L-VOD
hypothesized to indicate occurrence of transpiration.



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

OF SCIENCE AND TECHNOLO:GY

33 km SMAP /40 km SMOS pixels 10 km pixels

4000 Corn Belt fields 400 Corn Belt fields
county-sized township-sized

much larger than growing season approaching 1-to-2 km size
precipitation variability of smallest storms

during the growing-season

10-times better than 100-times better than
USDA crop management USDA crop management
and phenology information and phenology information



IOWA STATE UNIVERSITY | Hornbuckle: What can be “Seen” at L-band in the U.S. Corn Belt?

OF SCIENCE AND TECHNOLO:GY

33 km SMAP /40 km SMOS pixels 10 km pixels

4000 Corn Belt fields 400 Corn Belt fields
county-sized township-sized

much larger than growing season approaching 1-to-2 km size
precipitation variability of smallest storms

during the growing-season

10-times better than 100-times better than
USDA crop management USDA crop management
and phenology information and phenology information

Could enable realistic crop modeling of Corn Belt and other croplands?
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