
Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 /30

Land Data Assimilation Systems
at NCEP:  Predicting Extreme 
Hydrometeorological Events

Michael Ek and others in the
EMC Land-Hydrology Team:

Jesse Meng, Rongqian Yang, Helin Wei, Youlong Xia, 
Yihua Wu, Weizhong Zheng, Jiarui Dong,

Roshan Shrestha (COLA/GMU),
Caterina Tassone (EMC mesoscale modeling branch)

Environmental Modeling Center (EMC)
National Centers for Environmental Prediction (NCEP) 

NOAA/NWS

1



Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 /30

Outline

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

• NCEP Weather and Climate Modeling Suite and Noah 
land model

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

• Summary
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Hydrometeorological Extremes:  Drought

Meteorological:
Precipitation

Agricultural:
Soil moisture

Hydrological:
Streamflow
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Hydrometeorological Extremes:  Drought

October 2012
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Hydrometeorological Extremes:  Flood

2013 Colorado Flooding Flash Flood
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How to get there?

• 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.

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

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

• “Parent” coupled atmosphere-ocean-land-sea ice model.

Predicting Hydrometeorological Extremes
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• Relevant land physics & associated parameters, provides lower 
boundary conditions (heat, moisture, momentum) for NAM, GFS, CFS.

• Noah partners:  UT-Austin, U Ariz, U Wash, Princeton, NASA.

NCEP-NCAR unified Noah land model
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Land Data Sets

Soil TypeVegetation Type

Green Vegetation Fraction

Max.-Snow Albedo

Snow-Free Albedo

July JulyJan Jan
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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.
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Operational North American Land Data 
Assimilation System (NLDAS):  Monitoring

NLDAS four-model ensemble monthly soil moisture anomaly

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

• 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.

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

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

• Research supported by NOAA Climate Prog. Office for NLDAS partners:  
NASA, NWS Office of Hydro. Develop., Princeton, Univ. Washington.

July 30-yr climate July 1988 (drought) July 1993 (flood) July 2011 (TX drought)

www.emc.ncep.noaa.gov/mmb/nldas

Youlong Xia
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NLDAS Total Soil Column Soil Moisture 
Anomaly:  March 2012 – December 2013

US Drought

Youlong Xia
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NLDAS Total Soil Column Soil Moisture 
Anomaly:  January 2013 – August 2014

Youlong Xia

California Drought
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US Drought Monitor:  04 September 2012
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Total Column Soil Moisture Top 1m Soil Moisture 

Total Runoff Evapotranspiration

NLDAS output:  04 September 2012

Youlong Xia
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Ensemble mean daily streamflow anomaly (m3/s)

Streamflow from NLDAS routing scheme:
Hurricane Irene & Tropical Storm Lee

20 Aug – 17 Sep 2011

Youlong Xia
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Ensemble mean daily streamflow anomaly (m3/s)

Streamflow from NLDAS routing scheme:
Superstorm Sandy

29 Oct – 04 Nov 2012

Youlong Xia
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Ensemble mean daily streamflow anomaly (m3/s)

Streamflow from NLDAS routing scheme:
Colorado Front Range Flooding

September 2013

Youlong Xia
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• System jointly developed by Princeton University and 
U. Washington.

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

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

• Run at the beginning of each month and forecast 
products are staged on NLDAS website by the 15th of 
each month.

NLDAS Seasonal Hydrological
Forecast System
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NLDAS Hydro. Fcst:  Drought Lead Time
CFSv2 CPC ESP Analysis
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Youlong Xia
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AUGUST 2012
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CFSv2 CPC ESP Analysis

Youlong Xia

MORE WORK REQUIRED
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NLDAS:  Web Site Information

NASA/GSFC NLDAS website

NCEP/EMC NLDAS Website

22



Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 /30

• 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.

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

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

IMS snow cover AFWA snow depthGDAS-CMAP precip Gauge 
locations

Global Land Data Assimilation System

Jesse Meng
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NASA Land Information System
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Christa Peters-Lidard et al., NASA/GSFC/HSB
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NCEP Realtime Operational GLDAS

GDAS
Atmospheric analysis

Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8Day 1

GLDAS

Land analysis

GLDAS

Land analysis

Precip observation Precip observation

Jesse Meng
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MAY

NOVEMBER

GLDAS soil moisture

MAY 1988

MAY 1993

Climatology:  1980-2008 Anomalies

Jesse Meng

Mid-west 
drought

Mid-west 
flood
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US drought

Russian 
drought

Ugandan 
flood

GLDAS soil moisture anomaly July 2012

Jesse Meng

27



Environmental Modeling Center CAHMDA VI, Austin, Texas, USA, 8-12 September 2014 /30

CFSv2 Total Soil Moisture Anomaly (mm)
Sep 2012Aug 2012Jul 2012Jun 2012
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MORE WORK REQUIRED
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NAM 
Domain Elevation

Future NLDAS:  Extend to entire North 
America and Mesoscale NAM domain

Landcover

Configuration:
•0.04-deg (~4km)
•Noah land model 
ver. 3.3 or later
•NAM/NDAS 
forcing

Monthly Mean Total Soil Moisture in 2012 over NAM Domain

Jun Jul Aug Sep

mm Jiarui Dong
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• 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 
Water Quality), Biogeochemical cycles (e.g. carbon, 
ecosystems), & Air Quality on local as well as large scales.

Summary

Thank you!
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