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Improving Weather and Climate Prediction:
Becominlg a Complete Earth System Endeavor

1-ATMOSPHERE

2 - OCEAN:

3-LAND:

troposphere, stratosphere
- Initial conditions require
atmosphere data assimilation
deep ocean, seas, coastal ocean, sea ict
- Initial conditions require
ocean data assimilation
soil, snowpack, vegetation, runoff
- Initial conditions require
land data assimilation
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LAND DATA ASSIMILATION SYSTEMS:

AModern NWP & Seasonal Forecast Climate models must
mo d e | and 1 niti alil ze t he
I Atmosphere

I Ocean
i Land A (Land Data Assimilation Systems: LDAS)

A Three Broad Approaches to Land Data Assimilation

I 1) Coupled Land/Atmosphere 4DDA e.g. Global Reanalysis-|
A precipitation forcing at land surface is from parent atmospheric model
A surface insolation at land surface is from parent atmospheric model
A precipitation/insolation may have large bias: >large soil moisture bias

I 2) Uncoupled Land 4DDA (land model only) e.g. N-LDAS
A observed precipitation/insolation used directly in land surface forcing
i 3) Hybrid Land 4DDA e.g. Eta/EDAS, Global Reanalysis-II

A Coupled land/atmosphere, but observed precipitation replaces model
precipitation for driving the land surface




N-LDAS Design
(The Uncoupled Approach)

1. Force models with 4DDA surface meteorology (Eta/EDAS),
exceptuse actual observed precipitatior{gageonly daily
precip analysis disaggregated to hourly by radar product)
and hourly downward solarinsolation (derived from
GOES satellites).

2. Use 4 different land surface models:

'| NOAH (NOAA/NWS/NCEP)

i MOSAIC (NASA/GSFC)

I VIC (Princeton U./ U. Washington)

| SacramentgNOAA/OHD)

3. Evaluate results with all available observations, including
soll moisture, soil temperature, surface fluxes, satellite skin

temperature, snow cover and runoff.



)

_scale
@O"\ e,
- e
CGO d 3
g S
o o
*x 4
v% i, y
W £
1

N-LDAS Objecti ves

Determine if macroscale, physically-based, distributed
SVAT-type land models can achieve skill in streamflow
simulation commensurate with traditional lumped
catchment models (both calibrated and uncalibrated, both

research and operational).

A shared objective with the DMIP Project of NWS/OHD,
but on larger scale at coarser resolution.



The GAPP/GCIP Vision:

Improving seasonaitto-interannual climate and
hydrological prediction by bringing together
meteorologistsand hydrologists in:

(A) coupled landatmosphere modeling
(B) uncoupled land modeling and land data 4DDA

(C) water resource applications of ensemble weather
and climate forecasts



DATABASE
DEVELOPMENT

ROUTINE I ENHANCED

RETROSPECTIVE] EOP
—| OBSERVATIONS

= Standard Resolution
Meteorological

== NoOnstandard Resolution
Meteorological

Precipitation

Radiation and Clouds

Wind

Water Vapor

== Hydrological

Runoff

Soil Moisture

Evaporation
Snow (water equivalent)

== Geographical
= \/egetation

— Field Campaign(s)

MODEL DEVELOPMENT

Operational

Path

= EVvaluate Current
Models (GCM and Meso)

= IMplement Upgraded
Land Surface Hydrology

== |[Mprove Precipitation and
Cloud Parameterizations

Algorithm Development

Data Analysis
Data Assimilation

Research
Path

= |Ntercompare
Surface Hydre
logical Models

= Scale Analysis

= |Mprove Atmos
pheric Models

== Develop New
Macroscale
Hydrologic
Models

— EVvaluate and
Improve
Coupled Models

Figure 2. The GCIP implementation framework.



N-LDAS PROJECT GOAL.:

Carry the distributed macro-scale legacy of the
PILPS-2c and GSWP projects of GEWEX Into

a realtime demonstration realm in particular at
NCEP for use in NCEP seasonal climate and
weather prediction suites.




N-LDAS PROJECT GOAL.:

Bring together multi-institution (operational center, government
labs, universities) GAPP-funded investigators (both
research and operational), and their

A) land models

B) land-relevant satellite observations, products, databases
C) land in situ observations, products, databases

D) land validation tools and techniques, and

E) land models and modeling expertise,

F) land stakeholder applications,

Into a joint, common, cohesive and ongoing realtime
demonstration project, with clear follow-on
operational potential, and highlighted by frequent and

open infusion and sharing of methodologies, ideas,
Insights, and experiences.




N-LDAS Collaborators capp %e-

Goddard

NCEP/EMC @& NASA/GSFCE

Ken Mitchell Paul Houser
Dag Lohmann Brian Cosgrove
NWS/OHDE Rutgers Univ. liid&  Princeton Univ. 8
John Schaake Alan Robock Eric Wood
Qingyun Duan Lifeng Luo Justin Sheffield
NESDIS/ORA B Univ. Oklahoma&@ Univ. Washington Y
Dan Tarpley Ken Crawford Dennis Lettenmaier
Andy Bailey Jeff Basara
NCEP/CPC & NOAA/ARL &> Univ. Maryland &
Wayne Higgins Tilden Meyers Rachel Pinker
Huug Van den Dool John Augustine
NOAA NASA Universities

http://Idas.gsfc.nasa.gov



GAPP/GCIP Land Models, Products,
Observations, and Validation Tools brought
together in the N-LDAS Project:

A Mitchell/Lohmann: NOAH, realtime forcing & LSM output, streamflow
A Houser/Cosgrove MOSAIC, retrospective forcing, LDAS web site
A Wood/Lettenmaier: VIC, stream connectivity, snow validation

A Schaake/Duan:SAC, precipitation analysis, soil properties

A Robock/Luo: validation of soil moisture, forcing, fluxes

A Higgins et al: precipitation forcing

A Tarpley: realtime satellite solar insolation, skin temp, snow cover
A Pinker et al: retrospective satellite solar insolation, skin temp

A Crawford et al: OU Mesonet forcing and soil moisture/temp

A ARM/CART: surface forcing, surface fluxes

A Augustine/Meyers: SURFRAD surfacéased solar insolation obs
A Lakshmi/Syed: geostatistical assessment ofINDAS states/fluxes



LDAS Implementation

LSM Models : MOSAIC, VIC, NOAH, Sacramento

AL/8-degree resolution, hourly output
ARunoff routing: calibration, validation

Surface Characteristics

Vegetation: UMD, EROS IGBP, NESDIS greenness, EOS products
Soils: STATSGO, IGBP; Terrain / Land-Mask: 1-km digital elevation

LDAS predominant vegetation _ from 1km EROS data Soil type_on LDAS grid

LDAS Predominant UMD Vegetaticn Derived From 1km EROS Data Saturated Hydraulic Conductivity (m/s)

First Most Predominant
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Forcmg: (top two are non-model based)
Precipitation: Higgins et al daily gage anal, NCEP/OH Stage IV gage/radar
Radiation: NESDIS 0.5-degree hourly GOES solar insolation

Meteorology: NCEP EDAS (Eta 4DDA) analysis (wind, temperature,
pressure, humidity, downward longwave)

GOES shortwave radiation [W/m”2] 20011101 18Z

T T
-120 -110 -100 -90



LDAS Run Modes:
1) Realtime, 2) Retrospective

1) REALTIME : 15 Apr 1999 to 15 Dec 2001
-- NCEP realtime forcing
2) RETROSPECTIVE: 01 Oct 1996 to 30 Sep 99
-- Mandated largely by spinup issues
-- NASA-assembled retrospective forcing
--- Higgins NCEP/CPC reprocessed precipitation forcing:
---- more gages obs, more QC
--- Pinker U.Md reprocessed solar insolation forcing
---- better cloud screening, more QC

Rutgers University compared the soil moisture, soil temperature,
surface flux results from the retrospective LDAS runs to
observations over Oklahoma/Kansas for last retro year.




-'J-
::Er' s
L
-

EMI
af I_, A ..!. '\.\:

SOIL WETNESS

LDAS Soil Wetness Comparison

LDAS retrospective output example
(similar spread as in PILPS-2c)
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Wﬂ%ﬁ"k LDAS Soil Wetness Comparison
f”)CEP ; LDAS realtime output example
' } (similar spread as in PILPS-2c)
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GUER Fldn Temperature (K)

LDAS-NOAH Skin Temperature
October 2001 Validation cont.
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04 Feb 2001 05 Feb 2001 06 Feb 2001

Shallow/retreating snow cover in USA northern plain states



Ej’ Snowpack Simulation Comparison

Snow depth from USAF, cover: global 1/8
bedient, unit [in], daily

oL

Snow cover product from NESDIS daily, - eStImated

cover: 1/16 bedient N.Hemisphere grid, flag




