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Development of Prototype National
Water Model Soil Moisture Products for
Drought Monitoring
NOAA ESRL PSD: Mimi Hughes, Darren Jackson, Bob
Zamora, Rob Cifelli, Mike Hobbins, Robin Webb

NOAA/NWS/CPC: Kingtse Mo, Jesse Meng, David
DeWitt

NOAA/NWS/OWP: Fernando Salas, Kent Sparrow,
and Peter Colohan
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The National Water Model

Development Team: NCAR/RAL, NOAA/NWS/OWP , USGS, CUAHSI, Universities
Sponsor: NOAA Office of Water Prediction

The National Water Model :’ k"_ 1;‘?‘
( \k" & %ﬂ“—
/ Strea mflow £
SRS
1'"1""# .r::ing_ﬁnsine National Water Model
" # D Version 1.0: Model Chain <"
I """r‘ . NWM uses NCAR supported communi ity WRF-Hydro system E’n.
2. NoahMP L,SM* T MWW' = :’:errain Rouﬁn:h‘;drc ‘E”.
(1 km grit‘!)‘%‘i ks : 2-way coupling L%ﬂ;ﬂdl J
: .
e ',"" & uoll > o
el ==} - 5, k_q Lol
[ o s {—" \
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System became fully operational beginning Aug. 16, 2016 ' X
*  Real-time verification since June 2016 (Rwrthydro) Inundated area
*  Multiple operational products created by NOAA, academia, private sector ¥
Slide courtesy David Gochis (NCAR)




NWM Operational Cycles:

Cycling Forecast Met Forcing Outputs
\i; | 1-km spatial fluxes
o MRMS QPE 50 o fves
l Hourly -3-0hrs and HRRR/RAP (water):
sl NHDPIus channel
,,,, routing
1-km spatial fluxes
Downscaled 0 L s
Hourly 1—-18 hrs HRRR/RAP (water);
Blend NHDPIus channel
routing
1-km spatial fluxes
(water & energy);
_ Downscaled 250-m routed fluxes
4x Daily to 10 days GFS (water):
NHDPIus channel
routing
1-km spatial fluxes
Daily x 16 pownscaled & (water & energy);
ensembles to 30 days NED/EE EIES NHDPIlus channel
v Corrected CFS routing
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Slide courtesy DaV|d GOChIS (NCAR)




NWM Operational Cycles:

Cycling Forecast Met Forcing

MRMS QPE
Hourly -3-0hrs and HRRR/RAP
blend

Project goal: Create products
from the NWM analysis
outputs for drought
monitoring purposes.

Outputs

1-km spatial fluxes
(water & energy);
250-m routed fluxes
(water);
NHDPIus channel
routing
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* |nitial focus will be on NID
priority watersheds:
= Russian River Basin
= |Lower Colorado River Basin
= Missouri River Basin

= ACF (Apalachicola, Chattahooehee; = o e e S
and Flint) River Basin
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Soil Moisture Percentiles
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Comparison against in situ observations

Russian River Basin

All Sites, Soil Moisture < 10th Percentile, 2008-2016

0 T T 17 " T "7 7T | 100 | ]
Obs @ 10 cm
NWM 0-10 cm
20 — —i 80 —
40 (— —
60
80 — =
s I 2002 2004 2006 2008 I 2010 J 2012 2014 2016
Time
2x2 Contingency Table Event Observed
Yes No
Event Yes a (hits) b (false alarms)
Forecast No c (misses) d (correct negatives)
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POD
FAR —

POD = a/(a+c)
FAR = b/(a+b)
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Confronting challenges: Version changes
Probability Density comparison at 0-10 cm layer in dry season

e vl1.1andvl.2 agree very well at Rio Nido (ROD) but biased wet from
observations
e V1.1 andvl.2 disagree at Healdsburg (HBG) with v1.2 in better agreement

ROD August 1 HBG August 1

1.0

_|||||||||Illlllllllllllllll[l[l[[[llllllllllllll_ l‘ol\lll_\lll||l||||\||||||||||||||\|||\||\|||H|||
0.8 — ] 0.8 — =

B — Noah 7 = Noah -

- — Sac -] L e _
Forg B N > B -
g 0.6 N ——— Obs_15cm ] % 0.6 — —— Obs_15cm —
a = - —
A - 2 | =
3.0 1 8. 1
g 0.4 — £ g b _|
o L _] T = _

!lll].l [ M |llJ]‘LJlJlllllllllllllllllllllllJl prrradh o L b b
O.UD 0

.0 0.1 0.2 0.3 0.4 0.5 '00.0 0.1 0.2 0.3 0.4 0.5

0-10 cm Soil Moisture (m® m™) 0-10 cm Soil Moisture (m* m)
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Confronting challenges: Version changes

Probability Density comparison at 100-200 cm in wet season
e Broader distributions during the wet season.
e Similar result for v1.1 to v1.2 comparison with similar
structure at ROD but biased results at HBG.

ROD February 1 HBG February 1
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100-200 cm Soil Moisture (m* m?)

Thanks to Yun Fan from CPC for the NLDAS-forced leaky bucket output
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Confronting challenges: narrow PDFs

NWM_retrovl.1from197909 1980-2016 Climatology
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« In some locations and depths, the climatological PDF is too narrow
to be able to distinguish precipitation extremes
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Confronting challenges: short historical period data

Noah DOY — 306 The NWM analysis cycle is
0'10_IIIIIIIII[IIIIIIIIIIIllllllll]IHIIIIII]IIII]IHI_ forced W|th a blend Of
: data-derived (1980-2016) : Operational forCingS
0.08 [— P ' |
L o 4 (HRRR model and MRMS).
~ 2005-2016 - .
z [ 1980-2016 +1  These forcings are only
S 1 available post ~2014.
2 | N
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Soil Moisture 0-10 cm
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Estimation of reference climatology with KDE

Noah November 1 at Rio Nido
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0-10 cm Soil Moisture (m3m‘3)

0-10 cm layer soil moisture PDFs for both long and short term for one grid cell
at Rio Nido in the Russian River Basin.

MOISST 2018 e Lincoln, NE ¢ 2-4 June 2018




CIRES

gu@,‘r RL * PHYSICAL SCIENCES DIVISION P \
‘%‘N J‘&'

Example products: 0-10 cm soil moisture percentiles

NWM v1.1 2014020112 0-10 cm NWM v1.2 2014020112 0-10 cm som Neoah 2014020112 0-10 cm
39.7N "

39.3N 39.3N —

39.0N 39.0N —
38.8N 38.6N —
38.3N

38.3N —

37.9N 37.9N —

37.6N

37.6N

123.9% 123.6W 123.3W 122.9W 122.6W 123.3W 121.9W 123.0W 123.6W 123.3W 1322.9W 132.6W 122.3W 121.9W 123.9W 123.86W 123.3W 122.9% 122.8W 122.3W 121.9W

February 1, 2014

e Nearing peak of exceptional drought later in 2014

1 D 10 29 50 7o 90 95 99
Percentile
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Example products: 100-200 cm SM percentiles

NWM v1.1 2014020112 100-200 cmn NWM v1.2 2014020112 100-200 cm
39.7N " 39.7N
39.3N 39.3N
39.0N 39.0N
38.6N 38.6N
38.3N 38.3N
37.9N 37.9N
37.6N 37.6N
123.9% 123.6W 123.3W 122.9W 122.6W 122.3W 121.9% 123.9W 123.6W 123.3W 122.9W 122.6W 122.3V 121.9W
Noah 2014020112 100-200 cm CPC 2014020112

39.7YN

February 1, 2014 s0.08

39.YN

39.3N —

39.0N — 39.0N —

06N e 100-200 cm lower soil =~

. layer 82N

37.6N _| 1 5] 10 =9 S50 7O Q0 99 99 |
123.9% 1 FPercentile 121.9%
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Example products: 0-10 cmn SM percentiles

NWM v1.1 2014030112 0-10 c¢m NWM v1.2 2014030112 0-10 cm Noah 2014030112 0-10 cm
39.YN

39.7N

39.3N 39.3N —

39.0N 29 0N —

38.6N 38.6N —

26.3N 368.3N —

37.9N 3%.9N —

ar.6N 37.6N _|

123.9% 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W
195.0F 128.6W 123.3W 122.9% 122.6% 122.9%W 191.0W 123.9W 123.8W 123.3W 122.9W L2ZR.6W 122.3W 121.9W

March 1, 2014

e 0-10 cm upper soil layer following rainfall on February 27th.
e Note Russian river signature in v1.2 and extreme wet regions

1 5] 10 29 50 o 90 99 99
FPercentile
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NWM v1.1 2014030112 100-200 cm NWM v1.2 2014030 100—-200 cm

39.7N 39.7N

Example products: 100-200 cm SM percentiles

v : - ."
30.8N

39.0N
38.6N
38.3N

376N

37.6N
30112
123.9W  123.6W 123.3W [22.9W 122.6W 122.3W 121.9W 123.9%W 123.6W 123.3W 122.9W 122.6W

122.3W  121.9W

39.3N —

March 1, 2014

39.0N —| 39.0N —

T e 100-200 cm lower soil layer =
- following rainfall on February 27th:e=-
37.98 ] e V1.2 hasintense wet areas .

(

37.6N _|

123.9W 1%

=9 S50 7O 90 99 99
FPercentile
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Thanks!

Email: mimi.hughes@noaa.gov

NWM: http://water.noaa.gov/about/nwm
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