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Challenges 1n modeling agriculture in ESMs

Crop growth models are not static

Complex agriculture mana gm
practice i

— Rotation and double crops
— Fertilization

— Irrigation

— Tile drainage

From field scale to regional scales

How to address those challenges?
(using WRF-Crop as an example)



WRF-Crop model development

* Noah-MP-Crop (corn and soybean growth) models released in
WRF 3.8 (2016)

* Implemented auxiliary crop data sets in WRF 3.9 (2017)
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Evaluation against field data, the
model captured well the seasonal
and annual variability of crop
phenology and yield

LAl

1000F

) ® @ obs
== MP-CROP
6 1
.
‘e
.
R
N
. e'e
Ll
.
.0
2 -33"
PP S T
ay 200 Jun 2001 Jul 2001 g 200: Sep 200
month
® ® obs
== MP-CROP
Corn Yield

800

600

4001

200

’
L]
S2

0 May 2001 Jun 2001 Jul 2001 Aug 2001 Sep 2001

month

U.S. Corn Belt




Data Requirement for integrated regional
crop-climate modeling in WRF

30-meter LandSat-based USDA/GMU CropScape crop type product

o

Yellow/green = corn and soybean



Difficulties 1n regionalizing crop modeling

For a normal year (2013), WRF-Crop
predicted crop yield is good in Corn
Belt (lowa, lllinois, Indiana) near
where the model was calibrated (right)

Challenge: improve model
performance beyond calibration
region for its global applications
using spatially varying
parameters
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AGRICULTURE (corn Plantm?) shmed AGRICULTURE (corn harvest), shifted
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Crop irrigation modeling

Maize Soybean
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Irrigation parameterization

Goal: calculate the timing and amount of irrigated
water within irrigated agriculture lands

Timing:

— Crop growing season: when LAI is above a threshold

— Soil-moisture deficit trigger: when the root-zone soil moisture availability
(MA) 1s below the trigger criterion: MA = (SMggg - SMyp)/(SM - SMyp).

— Irrigation stops if precipitation is above a threshold

Amount: the smaller amount of (SMygr - SM) and
maximum irrigation threshold

Duration: total irrigation water computed above
1s applied as precipitation input at a uniform rate
between the beginning and ending of irrigation
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heme by

irrigation sc
luding GDD (growing degree days)

Enhance
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Modellng irrigation at regional scales
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Modeling irrigation at regional scales
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Lower Mississippi
River Basin.
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Modeling irrigation at regional scales
Parameter calibration
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Modeling hydrometeorological effects of irrigation

b) T2, Jul c) T2, Aup
48N :‘;-.]Al...nil .l‘..‘l‘j.‘.l i 'AA!I: 48N :‘»\-‘].l..‘j N NN 'llrlﬁllllll' . | 0
45N N7 S SYF IR 4N P K Y
N oLl P N e e 04 Reduce monthly temperature by
o - o T |_F @ mo¢ 0.8~1.2 K in southeastern NE and
S E 3o AN AR =S\ B2 by up to ~1.4 K in eastern AR
27N ot 27N Pt 1.6
/ 115WI 10W105W1 00W95W S0W 85W 80W 115WI10W 05WI 00W95W 90W 85W 80W
e)le.JlJl A PPPIY FUUTT FETPT PRI f)Q?'AUPI eladsilassalosadt . L
pelE A N g m 24 Increase air humidity by ~1.2~1.8
42N <t = L 42N TR 1.8 -1 -1
N e AT T B gkg' (NE)and 2.4 gkg' (AR)
36N € ; - 36N 4K - -
33N -jL L =g - 33N -jL L P
30N 4 L 30N -_Q\ - '
27N SRSV . S W . 1 0.01

/ 115WI 10W105W100WI5W 90W 85W 80W 115W110WM 05WI00WS5W S0W 85W 80W L]

e) accumulated LH, Jul f) accumulated LH, Aug . e .
48N ettt ggN ot 1200 most of irrigation water are used
45N N\ 45N AN\ Lt - . . .
PPN S B 42N ol TR - B to increase soil moisture and
3N 4| TS - 3N 4| T T - 4120 .
36N 36N L_ P - W, cvaporation, rather than runoff.
L 33N 4 BERES - - . .
30N - - B4 ¢ increase monthly evaporation
- 27N - .
W 115WH1OW0SW00WSSW S0W B5W sow L1 00" by up to 80 mm in NE and
aon 4N et 200 ~120 mm in AR
NI h 10 * 1increase monthly total runoff
~ 39N - - 120 by ~ 20 mm
- 36N -
80
- 33N - -
- - 30N o 40
AP 27N F - 0.01
115W110W105W100W 95W 90W 85W 8OW  115W110W105W100W 95W 90W 85W BOW |




[Lessons learned

* Regional calibration of crop
and 1rrigation model parameters
helps transition field-scale crop
modeling to regional scales

* Integrating agriculture
management data 1s key to
constraining agriculture model
solutions

* Need to connect 1rrigation with
other water cycle components
(underground water, reservorr,
etc)

Daily irrigation amount, mm
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Convection-permitting regional climate modeling

WRF 2-m Temperature , No Conv. Param. : JUL 2008
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