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Objective of Evaluation and Comparison

A To help next phase NLDAS development
(CLSM-F2.5, NoahMP3.6, CLM4.0)

A To fill a gap for LIS-based NLDAS evaluation: NASA
group evaluated Open Loop run and data assimilation
run without considering current operational NLDAS
run and LIS -based Open Loop run

A To check what gain we can obtain from model
physi cal processesoOo upagr ¢
and addition of extra subcomponents (e.g. ground
water, multi-snow layer, vegetation dynamics, etg



Data Source

Model: CLM4.0, Noah-MP, CLSM-F2.5, monthly SWE, SMC, and GWS

Observation: GRACE TWSA, SNODAS SWE, USGS wells, and soil moisture

(AL, IL, OK, WTX) GRACE
[Swenson andVahr, 2006 GRL]

Time Scales: monthly

Modeled snow water equivalent, total of snow layers - 2004- 2-29 0600h

[Clow et al.,2014,HYP]

SNODAS

60 2232
1000.000000

| Soil Moisture Data
USGS wells Li et al., 205, JH] AL, IL, OK, WTX
sromeiremmen [Xia et al., 2014JH; 2015,JHM]
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3.1. Total Water Storage Anomaly (TWSA)

Soll depth

CLM4.0 NoahMP CLSMF2.5
3.8m 2.0m 1.0m

1/
& %
p: f\:

)

il

)) Transpiration \+ C':

0 1
Canogy Water )

Dot/ Sbitonto Turbulent Heat Fluxto and Mpnymmn Sw wﬂnlss

AN ek ot editin shfeiiili gl
anopy / Condensation | | ‘/

Ot sl Rial d
Evporation L)
vaporat B ‘ t

. et fvaporation Ik
— q{]‘\fer fromOpen o J"\ .
Td_uwe‘_he“ Water |"-
" —1 Yoo g, )
£ \\ Legend
"
\ n)

o] 7 \\H‘*-u. TopMoDe, | = Equiibrium prafie
£ ¥ ST wawrtable | - = M heshold profle
= D S Rumol companers

| |
23 E 1 lﬂk hd \- Vestical water fluxes
N W, surtace gxcass
i “ﬁ ., fool Zane eness
0 ¥

Qdrain

Figureh_l



Total Water Storage Anomaly (TWSA)

TWSA = SMCA + SWEA + GWSA + CWSA (1)

where SMCA is total column soil moisture content anomaly,
SWEA is snow water equivalent anomaly, GWSA is ground wat
storage anomaly, and CWSA is canopy water storage anomaly.

As CWSA is much smaller than the other three terms, the Eq. (.
IS modified as

TWSA: SMCA + SWEA + GWSA (2)
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(d) GRACE TWSA and GWSA (mm) from models

IR=1%
195 A
54 4
o
—EO
—1d2 A

—1352
20

03 2004 2005 2006 2007 2008 zo04a 2010 2011 Z2012 2013 Z0

Figure 2: Nationwide total water storage anomaly comparison (mm)
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Figure3: Names and boundaries of the domains of 12 National Weather Service River Fol
Centers]ocations of 181JSGS welland 195in situ soil moisturaneasurement sites.
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Figure 4Comparison of the I¥ear (20032014) ime series of montnly total
water storage anomaly (TWSA, unit: mm) from the GRé«Tiked dataset.



—8— GRACE = (CLM4.0 Noah—-MP == CLSM-F2.5
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Figure 5: Mean seasonal cycle of TWSA for 12 RFCs)
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Figure 6: Effect of snow water equivalent anomaly (SWEA) when GRACE TW
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referred.
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Figure 7: Same a$ig.6 but for soil moisture content anomaly (mm).
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Figure 8: Same a$-ig.6 but for ground water storage anomaly (mm)



Monthly Variability Inter-annual Variability
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Regionally Averaged Water Storage Anomalies
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Figure 3. In situ soil moisture and groundwater storage

anomalies. Circles are monthly anomalies of soil moisture
to 1 meter depth, triangles are groundwater anomalies below
1 meter depth; gray/black lines are smoothed soil moisture/
groundwater seasonal time series respectively. X-axis is
time in years, and Y-axis is storage change in mm.
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Figure 4. Total water storage anomalies derived from
GRACE (circles are monthly anomalies, gray line is
seasonal time series), and combined in situ soil moisture
and groundwater measurements (black line is seasonal time
series). X-axis is time in years, and Y-axis is storage change
in mm.
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Woi413 SWENSON ET AL.: GRACE ESTIMATES OF GROUNDWATER VARIABILITY IN OKLAHOMA Woi413

Total Water Storage Anomalies - Oklahoma CSR RLO4
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Figure 9. Top panel: GRACE regional average time series of total water storage anomalies. Circles
represent monthly values, line represents seasonally varying values. Middle panel: monthly OM
unsaturated zone soil moisture anomalies. Black circles represent 0—75 e¢m values, gray circles represent
scaled 0—4 m values. Bottom panel: comparison of GRACE and scaled OM time series. X axis is time, in
years; y axis is water equivalent thickness, in mm.
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