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for Drought Monitoring
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The National Water Model

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

National Water Model

.
The National Water Model

View the NOAA publication on the National Water Model here

The National Water Model (NWH) is a hydrologic model that simulates observed and forecast streamflow over the entire continental United States
(CONUS). The NWM simulates the water cycle with ofthe and how they fittogether. This
‘complex representation of physical processes such as snowmelt and infiltration and movement of water through the soil layers varies
significantly with changing elevations, soils, vegetation types and a host of other variables. Additionally, exireme variabilty in precipitation over
short distances and times can cause the response on rivers and streams to change very quickly. Overall, the process is So complex thatto

simulate it with a mathematical model means that it needs a very high powered computer or super computer in orderto run in the ime frame
needed o support decision makers when flooding is threatened.
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Streamflow

The NWM complements current hydrologic modeling which is done in a simplified manner for approximately 4000 locations across the CONUS

by providing information at a very fine spatial and temporal scale at those locations, as well as for locations that don't have a traditional river
forecast

Condensation

05/01/2015 00:00
NWM Streamflow Medium Range Forecast : USGS 08083480
By Forecast Time : Cedar Ck At 1h 20, Abilene, Tx
National Water Model ’} Observation
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Version 1.0: Model Chain - I s + peret
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. ;- Hydrograph

NWM uses NCAR supported community WRF-Hydro system H 0 =5

NWM: http://water.noaa.gov/about/nwm E TH—6

WRF-Hydro: https://www.ral ucar.edu/projects/wrf_hydro § " _; _:
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nalysis vaid or 2016.05-26 11:00:00 UTC

. Channel &
Reservoii

Rou
Mod

£
™ Forecast
’ Products

Soil moisture
T \\", . r_"y‘ml;g e

g
X

http://water.noaa.gov/about/nwm | i 1 —
System became fully operational beginning Aug. 16,2016 ¢

Real-time verification since June 2016 (Rwrfhydro)

! Inundated area
Multiple operational products created by NOAA, academia, private sector ’

Slide courtesy David Gochis (NCAR) :
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NWM Operational Cycles:

Cycling Forecast Met Forcing Outputs
.‘_;Pi =2N) 1-km spatial fluxes
Sar (water & energy);
MRMS QPE
Hourly 3-0hrs  and HRRR/RAP 250'm($;§‘)’_ﬂ“xes
olizhie NHDPIus channel
routing
1-km spatial fluxes
Downscaled (waler & energy);
Houly  1-18hrs  HRRRIRAP 200 rouadfies
Blend NHDPIus channel
routing
1-km spatial fluxes
(water & energy);
_ Downscaled 250-m routed fluxes
4x Daily to 10 days GES (water):
NHDPIlus channel
routing
1-km spatial fluxes
_ Downscaled & _
Daily x 16 0 30 days NLDAS? Bias- (water & energy);
ensembles NHDPIus channel
Corrected CFS routing

Slide courtesy Davnd GOChIS (NCAR)




NWM Operational Cycles:
Cycling Forecast Met Forcing Outputs

1-km spatial fluxes
(water & energy);
250-m routed fluxes
(water);

P S\ . MRMS QPE
'u b dd ‘ilil-<~l1|AA-, ) \ HOUI‘|y '3 = 0 hI’S and HRRR/RAP

DY (T N blend NHDPIus channel
i1 ~ A_;‘:'{t\.'._.‘::_-.i-j,'_‘u-\"-\_\\\\\ A - rOUtIng
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Project goal: Create products
from the NWM analysis
outputs for drought
monitoring purposes.
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 |nitial focus will be on NID
priority watersheds:
= Russian River Basin

= Lower Colorado River Basin :

= Missouri River Basin N

= ACF (Apalachicola, Chattahoochee,
and Flint) River Basin

MOISST 2018 - Lincoln, NE « 2-4 June 2018
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Comparison against in situ observations

Russian River Basin All Sites, Soil Moisture < 10th Percentile, 2008-2016
0 100
r I ! | | | | |
Obs @ 10 cm
NWM 0-10 cm POD
20 — — 80 — FAR —

60

Soil Moisture Percentiles
%

80 — —

100 | I | | | | | | | | | | | | |
2002 2004 2006 2008 2010 2012 2014 2016 Mosaic

Time

2x2 Contingency Table Event Observed
Yes No POD = a/(a'l'C)
Event Yes a (hits) b (false alarms) —
Forecast No c (misses) d (correct negatives) FAR = b/ (a + b)

MOISST 2018 - Lincoln, NE « 2-4 June 2018
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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

TR T e e e e e e e et e e e e e 1~OIIIII_IIIIIllIIllIIlIIllllIlllIlllIIIIIIIIIIIIII

— ——— NWM V1.1 — B —_— NWM VL1 i

B — Noah 7 = Noah -

— — SacC - I sac |

2 B 1 > ~ .

50'6_ —— Obs_15cm ] g 0.6 — —— Obs_15cm —

a — - g L i

2 n 2 r —
= | | £

3 | N E - i

90'4 o 04— —

a L | a L _

o+ J;UDWMA : + E

00||||| |F'|J| |||||||||||||||||| AEEEEEEN 0.0 L b b b b b

0.0 . 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

010 cm SO|I Moisture (m m') 0—10cmSoiIMoisture(m3m'3)

MOISST 2018 e Lincoln, NE e 2-4 June 2018
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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
0'4_IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIII_IIIIIIIIIII_ 0.4_||||HH]|||||H]|l|||||||||||||||||]||||||||||_
- | —— NnwMvia = § —— NWM V1.1 g
03— | —— Noah — 0.3 f— —— Noah —f
— — sac J - —— sac -
"Zv - | —— cpc - ‘E - —— CPC .
3 - ] 3 - =
202 — . — 202 _—
s [ Note CPCis 1-layer (not 1 3% E .
£ [totally apples-to-apples 1 & F .
o1 - COMparison) N E
. J » 5.

- 4 [l
0 0.2 0.3 0.4

o
o
of

.00_

01 02 0.3 0.4 .
100-200 cm Soil Moisture (m> m?) 100-200 cm Soil Moisture (m®> m?)

Thanks to Yun Fan from CPC for the NLDAS-forced leaky bucket output

MOISST 2018 e Lincoln, NE ¢ 2-4 June 2018
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Confronting challenges: narrow PDFs

NWM retrov1.1from197909 1980-2016 Climatology
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100 200 300
Day of Year

« In some locations and depths, the climatological PDF is too narrow
to be able to distinguish precipitation extremes

MOISST 2018 - Lincoln, NE « 2-4 June 2018
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Confronting challenges: short historical period data

Noah DOY = 306

The NWM analysis cycle is

forced with a blend of

operational forcings
(HRRR model and MRMS).
These forcings are only

available post ~2014.

0'10IIIIIIIIIII||III|||II|||II|||II|||II|I|I||||I|||
— data-derived (1980-2016) ]
0.08 — 2014-2016 ]
— 2011-2016 1
— 2005-2016 .
> — 1980-2016 —
g 0.06 — —
(0]
g L _
> L _
3 L _
(8]
S 0.04 — |
a L _
0.02 — —
- ‘\ ]
OOOII[IIIII .‘ B 1 I O
0.0 0.1 0.3 0.4 0.5
cm

MOISST 2018 - Lincoln, NE « 2-4 June 2018
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Estimation of reference climatology with KDE

Noah November 1 at Rio Nido

(T T T T T[T T T[T T T T T [T T T T T[T T TTT 7]
0.14 — # —]
. — Long-term Climatology (1980-2017) —
Kerne' DenSIty 0.12 L ) Short-term Climatology (1998-2000) ]
Estimation (KDE) ~ KDE Fit (1998-2000) 7]
method used to fit ¢ . E
short-term E‘0.0S - —
climatology. 5 T .
sY & 0.06 — [\ —]
4 v .
0.04 — —
0.02 :— —:

0_000.0||||||| 0!1 ||||0!2|||||||||0.3 ||JJO!4|||||||||0.5

0-10 cm Soil Moisture (m°m~)

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 - Lincoln, NE « 2-4 June 2018
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Example products: 0-10 cm soil moisture percentiles

NWM v1.2 2014020112 0-10 cm 5078 Noah 2014020112 0-10 cm

NWM v1.1 2014020112 0-10 cm

39.7TN

39.3N 39.3N —

39.0N —

39.0N

38.6N

38.6N —

38.3N

38.3N —

37.9N 37.9N —

37.6N 37.6N

123.9W 123.6W 1R3.3W 122.9W 122.6W 122.3W 121.9W 123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W 123.9W  123.6W 123.3W 122.9W 122.6W 122.3W 121.9W

February 1, 2014

e Nearing peak of exceptional drought later in 2014

1 5] 10 29 50 e Q0 99 99
Percentile

MOISST 2018 » Lincoln, NE e 2-4 June 2018
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Example products: 100-200 cm SM percentiles

NWM v1.1 2014020112 100-200 cm 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 121.9W 123.9 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W
Noah 2014020112 100-200 cm CPC 2014020112

39.7TN 39.7TN

February 1, 2014 30.5—

39.3N —

39.0N — 39.0N —

38.6N —

e 100-200 cm lower soil 306N
layer 30,38

38.3N —

av.eN_ | 1 5] 10 29 50 7o 90 95 99 |
123.9W 1 Percentile 121.9W

MOISST 2018 » Lincoln, NE e 2-4 June 2018
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Example products: 0-10 cm SM percentiles

NWM v1.1 2014030112 0-10 cm NWM v1.2 2014030112 0-10 cm Noah 2014030112 0-10 cm
39.7N 39.7N

39.3N 39.3N —

39.0N 39.0N —

a8.8N 38.6N —

38.9N 38.3N —

37.9N 37.9N —

37.6N _|

37.6N

123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W
193.9W 123.6W 123.3W 122.9W 122.6W 122.9% 121.9W 123.9W 123.6W 123.3W 122.9W 1R22.6W IRR.3W 1R1.9W

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 Q0 95 99
Percentile

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

g
39.3N
39.0N
38.6N

38.3N

37.9N

37.6N

10112
123.9% 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W 123.9% 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W

March 1, 2014

39.0N —

7 e 100-200 cm lower soil layer o
2N following rainfall on February 27thze=-
sr.on—] e V1.2 hasintense wet areas o

(

37.6N _|

29 50 O 90 1 15] 99
FPercentile
MOISST 2018 » Lincoln, NE e 2-4 June 2018
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Thanks!

Email: mimi.hughes@noaa.gov

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

MOISST 2018 + Lincoln, NE » 2-4 June 2018 Funding from NOAA CPO and NIDIS
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National Water Model
Initial Operating Capability:
Model Chain

NWM uses NCAR supported community WRF-Hydro system

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

WRF-Hydro: https://www.ral.ucar.edu/projects/wrf _hydro

Routing\

/2.NoahMPLSM
(1 km grld)w{’“” ) """11"'?“ | l“ 2-way coupling

L

e
grid)

\ /5 Cha

Res B ) k@
Rou - i

q Mod Fé;écést ’
o »ZAN

Slide courtesy David Gochis (NCAR)

ﬁl. NHDPIu
Aggreg
(2.6M u
catchm

river re



http://water.noaa.gov/about/nwm
https://www.ral.ucar.edu/projects/wrf_hydro

The National Water Model Version 1: Technical Specs

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

Data Throughput: National Streamflow Anomaly Map
° Input data per day: 4.45 National Water Model Streamflow Anomaly Guidance
Analysis valid for 2017-04-19 11:00:00 UTC
Te ra byte S Model initialized at 2017-04-19 08:00:00 UTC
S e e+ o
e Output data per day: 3 : | | <3 e
Terabytes ‘ :

o # of river channels: 2.7 million

* # of reservoirs: 1,260

* Total # of computational ey Svers
elements: ~360,000,000 C SRR A g p= on 12

Model Details:

\ ; N )
\ '~/
M A Is ¢ L
*  Number of | f code: W, >
u er or lines or code: N S @,
) S <
74 740 No anomaly Low Much below Below Normal Above Much above High
Y data flow normal flow normal flow flow normal flow normal flow flow
° t N 100000 c displays data fc der 3 and Anomaly derived b
Computer usage: > , T S e At e ety

Available online at: http://water.noaa.gov/tools/nwm-image-viewer

Slide courtesy David Gochis (NCAR)

CPASW 2018 - Fargo, ND - 22-24 May 2018

cpu-hours per day
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Probability Density comparison at 100-200 cm in dry season

e vl1.1andvl.2 agree well at ROD location but not at HBG
e CPC generally shows broader distribution than models

ROD August 1 HBG August 1
0'6:|||||||||||||||||||||||||||||||||||||||||||||||: 0'6:||||||||||||||||||l|||||||||||_|||||||||||||||||:
05 | —— NwMvl1 = 05 | —— NWMv11 =

- —— Noah 3 = —— Noah 3

- — sac 3 = —— sac -

0.4 — — 0.4 — —
z = = z - -
5 E | —— cPC = a E | —— cPC 3
[ — | [J] — -]
o = 3 o = -
203 — 203 —
3 = 3 3 = -
© - = o E -
a = = 9 = =
o - 3 ° - -
a - = a - -
0.2 — Vl‘ - 0.2 — =
01 = L = 01 =
00:||||||||||||||1|||||1|4.||ﬁ|]ﬂ|1||||||11|1|11F SN =EEEERERNE I A ua N TR NN ||ﬂ[|1||||||||1|||||||1:
0.0 0.1 0.2 0.3 0.4 0 0.0 0.1 0.2 0.3 0.4 0.5

100-200 cm Soil Moisture (m® m?) 100-200 cm Soil Moisture (m*> m?)
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Comparison against USDM

Russian River Basin Russian River Basin
Exceptional — — 0 T 0

| USDM | ] . | USDM
| | NwM | ]

Extreme

Severe -

Moderate P =430

[
0-10 Soil Moisture Percentiles
100-200 Soil Moisture Percentiles

Abnormal .

2002 2004 2006 2008 2010‘ 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016
Time Time

None

CPASW 2018 - Fargo, ND - 22-24 May 2018




U.S. Drought Monitor
California

N
o

0-10 Soil Moisture Percentiles

w
o

123.6W 123.3W 122.9W 122.6W 122.3W 121.9W

37.6N — 50 90 95 Q9
FPercentile

123.9W 123.6W 123.3W 122.9W 122.6W IR2.3W 1R1.9W
A™AARAVALS; alJuU, IND may 2ui18
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U.S. Drought Monitor
California

0-10 Soil Moisture Percentiles

[23.6W 123.3W 122.9W 122.6W 122.3W 121.9W

10 25 50 75 90 95 99
123.9% 123.6W 123.3W 122.9W 122.6W (22.3W 121.9W Percentile
—— o w N arey

I
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U.S. Drought Monitor

California o NWM 2014 Mar 10 10 cm

39.3N

b
39.7N ; “E et B
Lk H200
N 'E B 9
39.3N —| Al : >
R R
T A, 2
39.0N — | 14l ; —~ 30 =
J N 0
“ Bl Y o
38.6N — L i I
] = 40
38.3N —| I i
p— 1|-, VLI 50 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W
12 2014 2016
o en B _
1 5] 10 25 50 (%] 90 95 99

123.9W 123.6W 123.3W 122.9W 1ZR.6W 1R2.3W 1R1.9W Fercentile
AWAA) " Viay




U.S. Drought Monitor
California

0-10 Soil Moisture Percentiles

I] '] 1 123.6W 123.3W 122.9W 122.6W 122.8W 121.9W
12 2014 2016

L D]
1 5 50 90 95 99

123.9% 123.6W 123.3W 122.9W 122. R2. - Fercentile
= UV U1 0O a y IV = Iviay
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U.S. Drought Monitor

California
39.7N
39.3N
n
— 0
x —
i — 10
i, . E
39.7N 1
18
2009
g o
39.3N — o
v o
450 B o
39.0N — bio—=30 -
IF PN o
N I
S o
38.6N —| ' f'_ iy
38.3N — x
37.ON —] 100 P 50 123.6W 123.3W 122.0W 122.6W 122.3W 121.9W
12 2014 2016
. B D
1 5] 10 25 50 (%] 90 95 99
123.9W 123.6W 123.3W 122.9W 122.6W 122.3% 121.9% Percentile
B VvV U @ adl (U | ~ viay U
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U.S. Drought Monitor

i i NWM 201 D—10 cm
California S0 Nov 1

398.3N

: W —110

q S =420
i R

: P 430

39.7"N

39.3N —

39.0N —

0-10 Soil Moisture Percentiles

38.6N —

38.3N — b\‘

37.9N —

= 40

I {[

AT [23.6W 123.3W 122.9W 122.6W 122.3W 121.9W
12 2014 2016

I [ [ [ 1 5] 10 25 50 (i3] 90 95 99
123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W Percentile
AWAA O o | LY N L =viay

37.6N
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39.7N 39.7N
39.3N 39.3N
39.0N 39.0N
0-10cm
38.3N 38.3N
37.9N 37.9N
37.6N 37.6N

123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9Y 123.9%W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9% 123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W

NWM 2014070112 100-200 cm NWM 2014090112 100-200 cm NWM 2014110112 100-200 cm
39.7TN 39.7N 397N
39.3N 39.3N 39.3N
39.0N 39.0N 39.0N
100-200cm
1 i

38.3N 38.3N 38.3N
37.9N 37.9N 37.9N
37.6N 37.6N 37.6N

123.9%W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W 123.9%W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9% 123.9W 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W

CPASW 2018 « Fargo, ND « 22- { 5 10 25 50 9 90 95

Percentile
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NWM v1.1 2014031012 0—10 em son NWM v1.2 2014031012 0-10 cm Noah 2014031012 0—10 cm
. 39.YN

39.3N

39.0N

38.6N

38.3N

37.9N

37.6N 37.6N _|

123.9% 123.6W 123.3W 122.9W 122.6W 122.3W 121.9W 123.0W 123.6W 123.3W 122.0W 122.6W 122.3W 121.9W 123.9% 123.6W 123.3% 122.9% 122.6W 122.3W 121.9%

March 10, 2014

e 0-10 cm upper soil layer drying out
from late Feb rainfall

1 5 10 25 50 (&) 90 95 99
Percentile
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NWM v1.1 20140310182 100-200 cm NWM v1.2 2014031018 100-200 cm

123.9W 1R3.6W 123.3W 1R22.9W IRR.6W 1R2.3W 121.9W 123.9W 1R3.6W 123.3W 1R22.9W 1R22.6W 122.3W 121.9W

Noah 2014031012 100-200 cm CPC 2014031012

' March 10, 2014
.08 e 100-200 cm lower soil .08
oo layer becomes more .09
— Wet 38.3N —
37.9N — ° Fnﬁ[n ] I [l | 37.9N —
37.6N _| 1 5 rﬁois"temgum'ib re90 95 99 37.6N_|

123.9W 123.6W 123.3W 122.9W 1R22.6W I22.3W 121.9W 123.9W 123.6W 123.3W 122.9W 1RR.6W 1R2.3W 1R1.9W

relative to climatology




