@ A ot
Improvements to CalSim
Reference

Evapotranspiration

2024 CWEMF Annual Meeting, September 24, 2024
Presenter: Lauren Thatch

Collaborators: Justin Huntington (DRI), Chris
Pearson (DRI)



Project Goals

* Improve representation of applied water demands.

* Leverage the best available datasets and methods to refine modeled
applied water demands.

» Captures year-to-year variations in the applied water demands and
better emulate changes in farming practices with climate changes.
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Current CalSimHydro
Reference ET Input

* Hargreaves-Samani equation

ETQ — 0.0023.Ra. (Tmax' Tmln)os.(Tm—I_ 17.8)

 Temperature data provided by PRISM | {
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ASCE Standardized ETo Equation

» ASCE adopted FAO Irrigation and Drainage Paper No.
56 Penman Monteith Combination Method in 2005

« Combined energy balance and mass transfer
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* Primary inputs: temperature, solar radiation, humidity
and wind speed
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Evaluate Reference ET Datasets for CalSim
Applications

« Compare gridded weather datasets with station and existing CALSIM
Potential ET datasets

* Identify best performing product for historical and future simulations
* Assess Penman-Monteith versus Hargreaves

Gridded ETo Datasets:

* GridMET - CONUS 404
 Spatial CIMIS * OpenET GridMET
- RTMA * PRISM*

- ERA5-Land - ERA5-Ag*
* NLDAS *Hargreaves PET



Selected CIMIS Locations

* Considered 147 CIMIS Weather Station

Datasets for inclusion

* Selected 110 stations based on location

and conditions
Reference Conditions

moisture >~50%)
 Unobstructed wind and fetch

* 1994 to 2022

 Average of 17.5 years of Reference ET per

station

Uniform, stress-free vegetation growth
Relatively well-watered conditions (soil
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CIMIS Station QAQC

* Python AgWeather-QAQC routine




Python AgWeather-QAQC routine

* https://github.com/WSWUP/agweather-qgaqc

JESS

The Journal of Open Source Software

agweather-qaqgc: An Interactive Python Package for
Quality Assurance and Quality Control of Daily
Agricultural Weather Data and Calculation of
Reference Evapotranspiration
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Davis (#006) vs.
GridMET

GridMET
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Preliminary Results - DRAFT

Gridded Data Comparisons

ET, Mean Bias Ratios for Growing Season
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OpenET GridMET (bias-corrected GridMET)

GridMET without bias correction

[ ] .
April May June
* Bias corrected - :
1 — 1to1line 0] — 1to 1line 12_: — 1to 1line
f ET b d 1 — Regthruzero 1 — Reg thru zero 1 — Regthru zero
rererence ased on ° ] 3
_ i _ 8—- . 10—_
station data = f =
E £ 4] £
e ] e ] e ]
TR TR 041
o o 5 ] 5 ]
. - s s 7 s ]
* AQriICuUitural stations s S 5 4
2] RMSE: 0.5738 2 —: RMSE: 0.7392 5 _: RMSE: 0.9337
] r"2: 0.8221 1 rh2: 0.8502 ] rh2:0.816
O n y 1 Slope through (0,0): 1.0788 ] Slope through (0,0): 1.0919 ] Slope through (0,0): 1.0955
0 - 0 - 0 -
A o Ty T e T e T T o2 a e e T 2
° ® ° Station ETo (mm/day) Station ETo (mm/day) Station ETo (mm/day)
Jjust Tor evaporative
d 1 —1totiine 23 1to1line T 1totiine
COO I n g e ec S no 12_: — Reg thru zero — Reg thru zero 1 —Regthruzero
] 107 .
[ ) [ ] 10 o 4 4
represented in gridMET & | 3 ] 3 ]
I R I
£ 7 E ] A
2 ] 2 ] ° ]
w7 w 67 w 4
G ] . G,
G 47 G ® 5]
5 RMSE: 1.0228 P RMSE: 1.0415 27 RMSE: 0.853
r*2: 0.8011 ] rh2: 0.7662 1 rm2:0.7177
Slope through (0,0): 1.1095 ] Slope through (0,0): 1.1279 Slope through
0 0 0
o 2 a2 s e R o 2 e e T T T N

Station ETo (mm/day) Station ETo (mm/day) Station ETo (mm/day)



OpenET GridME

* Bias corrected
reference ET based on
station data

* Agricultural stations
only

* Adjust for evaporative
cooling effects not
represented in gridMET

OpenET GridMET ETo (mm/day)

OpenET GridMET ETo (mm/day)
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Comparison with Existing
Reference ET

* OpenET gridMET ETo / CALSIM ETo

* July Average ETo
* High Bias in Northern CA
* Low Bias in Southern CA

* Similar patterns to spatial CIMIS

>1: CalSim underpredicts ETo OBeRET ETo./ CALSIM ETo

< 1: CalSim overpredicted ETo . <0.925
[10.925-0.99

[ 10.99-1.01
[ 11.01-1.075
I >1.075




Recommendation -OpenET GridMET ETo

* Pros
» Lowest bias and spread relative to station ETo

 Natively pairs with:
* OpenET Remotely Sensed ET products
« Multivariate Adaptive Constructed Analogs Future Projections (MACA)
* Downscaled GCMs trained with historical gridMET

« Readily available: 1979-present (2-day lag)

* Cons
* GridMET's Future: May be updated or discontinued in the next 5-10 years
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WBA 16, Tomatoes

WBA 73, Almonds

Monthly Average

WBA 16, Crop Type: 5.01

Total Annual

WBA 16, Crop Type: 5.01
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Next Steps

* Extension back to 1921

« Combined Hargreaves-Samani and Bias-
Corrected GridMET approach

e Calculate ETc using the ET Demands Model
* Daily Crop ET
 ASCE Standardized PM Reference ET
* FAO-56 Dual Crop Coefficient Method
* Daily soil water balance
* Previous Applications:

« West-wide Climate Risk Assessments, Upper Colorado
River Basin Oregon, Klamath Natural Flow Study,
Nevada, Idaho

* https://github.com/WSWUP/et-demands
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https://github.com/WSWUP/et-demands

ET Demands — Modeling Methodology

* Crop Growth and ET Simulation

» Temperature based model L
* Green Up: T30 or CGDD

- Effective Full Cover: CGDD or Time |
- Harvest/Killing Frost: CGDD, Time, .
KF

* Irrigation Scheduling T T ¢
- MAD thresholds, irrigation occurs &

When MAD < ThreShOId . 2020 Feb Mar : Apr May = J#':"1 Jul AU: sep oct Nov Dec

* Each crop, grid cell combination
Is simulated separately.




ET Demands - Calibration

o
NDVI

* Crop specific calibrations ) rﬁ”’f} Q
. . | M\/\/\.i\

* NDVI comparisons using Landsal // | f& v

and HLS imagery // \/ V
- Adjust Kc curve timing based on \ /\J

\

NDVI phenology \ / L
* Leverage typical growing season - \\/

start and end dates R R B

° G0a| iS to Capture average Signa| Figure: Time series comparison of Landsat derived
NDVI and ET Demands simulated Kcb for grass hay

anc! lnterP0|ate throughOUt the crop in grid cell 564161 near Copoco Lake, CA.
entire study area.







Input Data

Climate
o gridMET
* Daily estimates at 4 km resolution
 Tmin, Tmax, RH, Windspeed, Solar
Radiation, Precipitation
ASCE Standardized PM Reference ET
» Grass Reference ET, ETo
» Bias corrected to station data using
OpenET bias correction layer

Soil ' KNFS Boundary
« Average 0-150cm available water capacity . : : 00.004
« Hydrologic Group - A, B, C B o s-on
« Sand, Silt, Clay Fraction e 15017
* Adding GNATSGO functionalit 2o
Crop Type ==

* USDA Cropland Data Layer (2008-2020) Figure: Example soil available water capacity from
* LandIQ (2014, 2016, 2018-2022) SSURGO/STATSGO dataset for the Klamath Basin.



ET Demands Model

Daily Crop ET and NIWR Estimates

Crop ET

ASCE Standardized PM Reference ET
FAO-56 Dual Crop Coefficient Method

Kc = Kcb + Ke

Daily Soil Water Balance
Effective Precipitation

P_rz = Amount of PPT available for
both Eand T
Pe = PPT - Runoff - Deep Percolation

Deep Percolation

Drainage below the crop root zone
Soil Water Content > Field Capacity

Runoff

USDA NRCS CN Approach

NIWR

ETc - Pe
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Figure: Conceptual diagram of the FAO-56 daily soil
water balance utilized within ET Demands (modified
from Allen et al., 2006).



A ET-Demands

Docs » ET-Demands

Model Purpose

. o . ET-Demands
ET Demands Effective Precipitation 'Qtl‘jSt“n o
: : uick Sta T Contents:
* The eeMETRIC model provides estimates of total ET Model Overview able of onfents
« Total ET = ETprecipitation + ETirrigation Geting started e semente
Model Calibration .
o Model History
. .. . . . Model Inputs o Model Version History
Effective precipitation is defined as the amount of Model Outputs - e e
LI H H . unning the Mode + Quick Start
precipitation that is available for ET (Bos et al., 2009). o f)“‘“:h‘“ - Ihstalling the Mode
« Model Overview
Analysis Tools « Getting Started
ET Demands provides estimates of daily Crop ET (ETc) and Pe pree s e
. 0 . apenie summary 100ls
using a daily soil water balance approach Miseellaneous Sammary Took Daf Gl
* PreViOUS ApplicatiOnSZ PR o Running the Model
. . Appendix « Model Calibration
« Upper Colorado River Basin s Boamte res Workfon B
* Oregon gridMET Example Prep Workflow ° MDOCRIZ:CIIErjertS
« Klamath Natural Flow Study
* Nevada
. Idaho Model code and documentation:

. West-wide Climate Risk Assessments https://github.com/WSWUP/et-demands


https://github.com/usbr/et-demands
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