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Outline

e Hydrometeorological extremes, e.g. drought, flood,
and steps to increase their predictability

e NCEP Weather and Climate Modeling Suite and Noah
land model

e NCEP Land Data Assimilation Systems (LDAS) and
hydrometeorological prediction

e SumMmmary
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Hydrometeorological Extremes: Drought

Meteorological: Agc/tua/ . Hydrological:
Precipitation Soil moisture Streamflow

Drought

From Wikipedia, the free encyclopedia

For other uses, see Drought (disambiguation).

Drought is an extended period when a region receives a deficiency in its water supply, whether atmospheric, surface or ground
water. A drought can last for months or years, or may be declared after as few as 15 days.!'! Generally, this occurs when a region
receives consistently below average precipitation. It can have a substantial impact on the ecosystem and agriculture of the affected
region. Although droughts can persist for several years, even a short, intense drought can cause significant damage!® and harm to
the local economy.®! Prolonged droughts have caused mass migrations and humanitarian crises.
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Hydrometeorological Extremes
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Hydrometeorological Extremes: Flood

e
-y “‘.!'!’"i

2013 Colorado Flooding . Flash Flood
Flood

From Wikipedia, the free encyclopedia

For other uses, see Flood (disambiguation).

A flood is an overflow of water that submerges land which is usually dry.["! The European Union (EU) Floods Directive
defines a flood as a covering by water of land not normally covered by water.®! In the sense of "flowing water", the word may
also be applied to the inflow of the tide. Flooding may occur as an overflow of water from water bodies, such as a river or
lake, in which the water overtops or breaks levees, resulting in some of that water escaping its usual boundaries,™ or it may
occur due to an accumulation of rainwater on saturated ground in an areal flood. While the size of a lake or other body of
water will vary with seasonal changes in precipitation and snow melt, these changes in size are unlikely to be considered
significant unless they flood property or drown domestic animals.

~
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Predicting Hydrometeorological Extremes

Predictability

From Wikipedia, the free encyclopedia

Predictability is the degree to which a correct prediction or forecast of a system's state

can be made either qualitatively or quantitatively.

How to get there?

e Important: Potentially strong inertia in soil, e.g. soil moisture,
also local land-atmosphere interaction (e.g. precip “recycling”),
and large-scale/global land-atmosphere-ocean interaction.

e Land initial conditions (e.g. soil moisture), i.e. via a Land Data
Assimilation System (LDAS).

e LDAS requires good forcing data, and relevant land model
physics and parameters & companion land data sets including
near-realtime, e.g. green veq. frac. (GVF), snow, soil moisture.

e "Parent” coupled atmosphere-ocean-land-sea ice model.

T
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NOAA’s Operational Numerical Guidance
Suite (January 2014)
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NCEP-NCAR unified Noah land model
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e Relevant land physics & associated parameters, provides lower
boundary conditions (heat, moisture, momentum) for NAM, GFS, CFS.
e Noah partners: UT-Austin, U Ariz, U Wash, Princeton, NASA.
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Land Data Sets

I
01§ 0 % 0 B 4 w15 N B N B 4
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Atmospheric Forcing

« Forcing from atmospheric analysis or re-analysis
system (e.g. NARR/RCDAS, GDAS, CFSR/CDAS).

* Precipitation especially important: use observations,
e.g. CPC gauge-based, radar, satellite, or model.

Air Downward Specific
temperature longwave humidity

T
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Operational North American Land Data
Assimilation System (NLDAS): Monitoring

e Land models: Noah, SAC, VIC, Mosaic run in “uncoupled” mode.

e Forcing: NCEP Climate Prediction Center obs precip (gauge-based,
radar/satellite disaggregatred), and atmospheric forcing from NCEP
North American Regional Climate Data Assimilation System. Output:
1/8-deg. land & soil states, surface fluxes, runoff/streamflow.

e Climatology from land model assimilation runs for 30-years provide
anomalies used for drought monitoring; supports USDM, NIDIS etc.

e Operational at NCEP Aug 2013. Future: higher resolution, land model
upgrades, improved forcing, snow and soil moisture assimilation, etc.

e Research supported by NOAA Climate Prog. Office for NLDAS partners:
NASA, NWS Office of Hydro. Develop., Princeton, Univ. Washlngton
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) —
(\\NCEP}Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 11/30



NLDAS Total Soil Column Soil Moisture
Anomaly: March 2012 - December 2013
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NLDAS Total Soil Column Soil Moisture
Anomaly: January 2013 - August 2014

NCEP Nooh — Paat Weak Total Column Soil Moisture Anemaly {mm}
Valid: JAN 03, 2013

W s, OF, o

¥

zni| California Drought

1204 115N 110 105N 100 L EnT] B Bty = Ty

| | | | |
=8 =180 10 -8 26 il B0 10 18L; 2ar

Youlong Xia

e
(\NCEP;‘;Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 13/30



US Drought Monitor: 04 September 2012

U.S. Drought Monitor September 4, 2012
Co N U S (Re."easec:fa ?I'J:};:;s:::l,lf g:ﬁ_ 6, 2012)

Drought Condifions (Percent Area)

None | D0-D4 [DA-D4 | D2-Dr4 Bl vl S}

Curmrent 2254 | 7746 | 63.39 | 4248 | 2145 | 6.14

Last Week

828.20012 22371 | Y769 | 6289 | 4234 | 2318 | 6.04

3 Months Ago
BS2012

Start of
Calendar Year | 5041 | 4959 | 31.90 | 1883 | 1018 | 332
122012
Start of
Water Year 5545 | 4355 | 2913 | 23.44 | 17.80 | N.37
LIFE0 1

36.01 | 63.99 | 38.60 | 18.92 | 460 0.60

One Year Ago

56.53 | 43.47 | 30.00 | 23.37 | 18.05 | 11.20
562011

Intensity:
DO Abnomalhy O ny - D3 Extreme Drought
D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text sumimary
for forecast statements.

Author(s):
Brian Fuchs
National Drought Mitigation Center

USDA TP
S Ve e

http ://[droughtmonitor.unl.edu/
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NLDAS output: 04 September 2012

Total Column Soil Moisture Top 1m Soil Moisture
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Streamflow from NLDAS routing scheme:

Hurricane Irene & Tropical Storm Lee

&1k

20 Aug - 17 Sep 2011

Ensemble—Mean: Current Streamflow Ancraly {m®/ =)
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Streamflow from NLDAS routing scheme:

1M

Superstorm Sandy
29 Oct - 04 Nov 2012

Enssmble—Mean: Cwrent Streamflow Anoma {‘nﬂ'"s:l
NCEF NLDAS Praducts  Walid: OCT 29, 2012
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Streamflow from NLDAS routing scheme:

Colorado Front Range Flooding
September 2013

Ensamble—Mean: Cuwrant Streamflow Mumnlé {‘nﬂ'"s:l
NCEF NLDAS Products  Valid: SEFF 01, 2013
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NLDAS Seasonal Hydrological
Forecast System

e System jointly developed by Princeton University and
U. Washington.

e Transitioned to EMC in Nov 2009, as an experimental
seasonal hydrological forecast system.

e Hydrological forecasts use downscaled/ensemble
forcing from three sources: CFSv2, traditional ESP,
and CPC forecasts.

e Run at the beginning of each month and forecast
products are staged on NLDAS website by the 15t of
each month.
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NLDAS Hydro. Fcst:

CFSv2 CPC ESP
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2-month lead 1-month lead

3-month lead

NLDAS Hydro. Fcst: Drought Persistence
CFSv2 CPC ESP Analysis

B2 okt Sonmy %8 Mok Parresier (Lmewess Vedion) ke 231208 WY ek Cotwmn S5t Muthure Pwvemsting (Cosertis Mega) b 1012/ B ok Zoteme %8 Mok Parreoien (Dwewiie Wedior) e 231208 BN varty Average Teisl Cotan Sef Wzbue Pesandles b 201208
Donnd o CFSQ-NC Fommeinty W0 0 2317008790 St o CPC-WC Tormmanin Wilioed '11 2o bt o0 5700 Tarerats Wlaeg o4 2012,/000! ot o0 VI Sindations Soved ol WLAS-]
(ws L soopier olin & 48+ doy windoe I 1951 -2004) [ws L swopier oivin ¢ 4oy wndie ' 1951 2004) e (ws L sangies oltie & 40~ 0oy wntie W 1941 200C

AUGUST 2012 °

— (=Y — e = —— — e —
L » n . - " - ] e »n » n -~ “ ” - ] b i » Al » - ” - 4 "0 n » n . - " -
B2 ok Sonmy %8 Mot Parrastien (Dweves Medion) e 2312/00 BT ok Conmn S8 Mo Parraetinn (Deven Medios) e 231200 BT ok Zotme %8 Mok Parreotien (Dwevise Wedior) e 231200 BT vy n.np Tobel Cotumn Sk Mot Pemarten dor 2013/08
Doed e CPSQ-WC Tossnonty niSped o 2013,00704 el e CPC-UC Tomomntn Wges o0 2O12,08/01 et 0 [52-0C Toraraets Wlie o4 20120001 0 VE Shealations Seed oih NL0AG-
[ws L seopies oivie & 40 doy wdne ' 1941 2004) . (w1l seopis ol ¢ 40 doy wdnw I 1951 200K [wsl seogier o ¢ 40 doy wndse b 1951 200K :-:' m-lv:‘l doy window I 19512004

Inltlalhsontltlon's B

R?

A W= h1L8 - 5 r
w A 3 PR A "E
- y ! ) 4 - 4 ; -
1 AUG ICS SEP‘EMBER v
P YU g S FSp— P - ate merass
o . L ee— —— |
i » n 5': U. " - ¢ n » n - - " L n » n - - " . ] L n » n . - "
B2 okt Come S8 Mot Prrestien (Emmwen Medios) e 3312/10 B2 ok Coteme %8 Wkrew Parrestien (Ewmin Medion) e 2312/10 BT 03 Conmn %8 Wotury Parreetien (Dt Medior) % 2312/18 S vy ‘4'11' Tots Cotamm S Buinturw Mensanfien A 2013/10
Moed b, (FSe1-NC Fosusarn itSved w 2013,08/3 Dowed i CPU-UC Tupeantn Wiiwd 40 D312,08/31 Mot o0 E52-0 Farweants Wiling 44 2012,00,01 0 VIC Sinalatons Soed ol ,3A5-]
< [wsL sonpims witie & 40- oy wndoe W 1941 200€) (1L sephes ol & 40-doy wadow W 1951 - 2004) N3 [ws L vevpien witin & 40 doy wdee ' 1951 - 206€) [wst mn Wi & 40 doy wndse W 1981 - 200K
AY ‘ y | J "
,‘ — d T { N
\ . v e 1
[ PRSI AT 1 | Lt e oy
Az S e LY
{ ATANE 1 4 Y. 2> 7F
1 Ay RN g § P ey L B VT

Pl LA I M~ { oAl

| i 5 ¥ ﬁ‘ LA Ly
0 LS E30, (19

: \ TN\
$ Vo ¥ s
[ \' { | AL
n by
1 ! L e
o3 ~ e 1
S ) =~
OCROBER -
. T— —te Sart . . - .

T Youlddg Xia



| _NLDAS: Web Site Information
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File Edit View History Bookmarks Tools I-_Ielp

y') MLDAS Homepage

6 & www.emc.ncep.n

(2] Most Visted @) Getting

USGS Geo Data Portal

This page is 3 catalog of the datasets that have been tesied to work well for access with the Geo Data Portal Seiect one of the butions befow to see a fist of these dafasets. At s
tore, the Geo Data Portal is an advanced Open Geospatial Consortium Web Processing Service that can be used in a wide vanely of applications against any web-accessiie
siandards-compiant datasel If you'd like to see all the datasets that are compatible with one of the processing types the Geo Data Portal can perform, select one of those butions
below

For more information about the Geo Data Portal, please visit the Geo Data Portal Documentation Home.

Datasets Processing !

Climate Landstape Areal Statistics Data Subsels

Select Dataset

0.125 Degree Hourly Primary Forcing Data for NLDAS-2 _'J

North American Land Data Assimilation System Phase 2
0.125 Degree Hourly Primary Forcing Data for NLDAS-2 >

The goal of the North Amencan Land Data Assimilation System (NLDAS) is to construct quaily-controlied, and spafially and temporally consistent. land-surface model (LSM) datasets

from ihe best available observations and model ojpur io support modeiing activities. Specifically, this system is infended to reduce the errors in the stores of sofl moisture and energy -
which are ofien present in numerical weather prediction models, and which degrade the accuracy of forecasts: NLOAS is currently nunning in near realtime on a 1/8th-degree gnd over '

central North America; retrospeciive NLDAS datasets and simulations also extend back to January 1979 NLDAS consiructs a forcing dataset from gauge-based observed precipitation
daia (temporaly disaggregated using Stage Il radar data), bias-comecting shortwave radiation, and surface meteorology reanalyses to drive several different LSMs to produce model
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Global Land Data Assimilation System

e Uses Noah land model running under NASA Land Information
System forced with CFSv2/GDAS atmospheric data assimilation
output and “blended” precipitation in a semi-coupled mode.

e Blended precipitation via satellite (CPC/CMAP; heaviest
weight in tropics), gauge (heaviest in mid-latitudes) and GDAS
(model; high latitude).

e Snow cycled in CFSv2/GLDAS if snow from Noah LSM within a
0.5x/2.0x envelope of observed value (IMS cover, AFWA depth).

-200 160 <100 <75 50 -0 0 50 75 (00 150 A0

GDAS-CMAP precip AFWA snow depth

focations

Jesse Meng
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NASA Land Information System

Inputs Physics Outputs Applications
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Christa Peters-Lidard et al., NASA/GSFC/HSB
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NCEP Realtime Operational GLDAS

GDAS
Atmospheric analysis

En-ER-E8-En- 2820 En-EX

L d analy ; Py
Land analysis Land analysis

Jesse Meng
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GLDAS soil moisture
Climatology: 1980-2008 Anomalies
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GLDAS soil moisture anomaly July 2012
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Analysis

1-month

2-month

3-month

CFSv2 Total Soil Moisture Anomaly (mm)

Jun 2012

CDASvZ Total Seil Moisture Anomaly 201206

Jul 2012

CDASvZ Total Seil Moisture Anomaly 201207

Aug 2012

CDASvZ Total Seil Moisture Anomaly 201208

Sep 2012

CDASvZ Total Scil Moisture Anomaly 201209
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Future NLDAS: Extend to entire North
Amerlca and Mesoscale NAM domain

& g N Configuration:

“ A ) . +0.04-deg (~4km)
4 *Noah land model
¢ ver. 3.3 or later

_/ NAM/NDAS

| forcing
NAM - TSN | N
Domain Elevatlon Landcover

Monthly Mean Total Soil Moisture in 2012 over NAM Domain
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Summary

« Hydrometeorological prediction of extremes (e.g. drought,
flood) requires proper initial conditions (e.g. soil moisture
memory), correct physics (e.g. land-surface model) &
corresponding parameters, and representative land data
sets, some near-realtime (e.g. green vegetation fraction, soil
moisture, snow, etc) and some may be assimilated.

« Improve land data assimilation systems (LDAS) and land-
surface model physics, i.e. "Noah-MP” with explicit canopy,
CO2-based photosynthesis, dynamic vegetation (plant growth),
groundwater, multi-layer snowpack, refine soil processes.

« Earth-System models: Improve other components in
increasingly fully-coupled (atmosphere-ocean-land-sea ice-etc)
modeling systems as they expand to make connections
between Weather & Climate and Hydrology (including

), Biogeochemical cycles (e.g. carbon,
ecosystems), & Air Quality on local as well as large scales.

Thank you!
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