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Traditional coupled land-atmosphere 4-D data
assimilation systems (4DDA) often yield significant
errors and drift in a) soil moisture and temperature
and b) surface energy and water fluxes, owing to
substantial biases in precipitation, surface radiation
and air temperature  in the attendant surface forcing
fields.  The GCIP regional PILPS-2c experiment
(Lohmann et al., 1998) and the ISLSCP Global Soil
Wetness Project (Dirmeyer et al., 1999) demonstrated
the viability of executing physically based, distrib-
uted, uncoupled, land-surface models over large spatial
domains, provided that moderately dense observa-
tions of precipitation were available.  Hence, as a
land-surface alternative to coupled 4DDA, we have
undertaken the development and execution of an
uncoupled Land Data Assimilation System (LDAS)
— a real-time, hourly, distributed, uncoupled, land-
surface simulation system for the U.S. domain at
0.125 degree resolution.   This LDAS is using
three physically based, land-surface models (LSM)
running in tandem on a common grid and driven
by common surface forcing anchored by model-
independent, observation-based precipitation and
solar insolation fields. Also, a common streamflow
routing model is applied to each LSM’s gridded run-
off.   The LSMs are (1) MOSAIC (Koster and
Suarez, 1996), (2) VIC-3L (Liang et al., 1996), and
(3) Eta, now called “NOAH” (Mitchell et al., 2000).

The goals of the LDAS project are to (1) im-
prove LSM physics by sharing algorithms, methods,
and insights against a backdrop of joint intercomparison
and validation,  (2) identify causes of and reduce
extent of the spread in surface water fluxes and
surface water storage typically seen in LSM
intercomparisons,  (3) reduce the uncertainty in land-

surface water budget estimates, (4) utilize several
new real-time GCIP-sponsored forcing and validation
products, (5) compare uncoupled LDAS with tradi-
tional coupled 4DDA, (6) support water resource
application (water supply and agriculture), and (7)
provide land-surface initial conditions (e.g. soil mois-
ture and snowpack) for both (a) predictability studies
of the role of sea vs. land lower boundary conditions
on seasonal forecasts and (b) real-time weather and
climate model predictions on several time scales (days,
weeks, seasons).  Early on, our focus will be goals
1–4, and later in 5, we will pursue LDAS assimila-
tion of satellite-derived land-surface fields, such as
skin temperature, soil moisture, snowpack, and veg-
etation state.

The defining components of this LDAS project
are (1) year-round realtime execution on a fully na-
tional domain, (2) use of several LSMs executing in
parallel, and (3) high resolution surface forcing (hourly
at 0.125 degree) on a national scale utilizing exciting
new GCIP-sponsored products. The development,
quality control, production and archive of the sur-
face forcing fields in real time is a substantial undertaking
by NCEP/EMC.  Clearly, the emerging archive of
LDAS surface forcing in this project will become
an important database in its own right, as many
other LSM modeling groups are likely to apply
our LDAS forcing fields for their own retrospec-
tive and real-time LSM modeling initiatives.
Therefore, we take a fair amount of space here to
describe these fields and their sources.

The hourly LDAS forcing files include two types
of fields, namely fundamental forcing fields (eight):

— total precipitation (gauge-only, with radar timing)
— downward solar radiation (GOES satellite based)
— downward longwave radiation (EDAS)
— 2-m air temperature (EDAS)
— 2-m specific humidity (EDAS)
— 10-m U wind component (EDAS)
— 10-m V wind component (EDAS)
— surface pressure (EDAS)

and ancillary fields (eight):

— GOES downward PAR
— GOES diffuse downward solar
— GOES skin temperature
— EDAS downward solar radiation
— EDAS total precipitation
— EDAS convective precipitation
— EDAS CAPE
— “Stage IV” WSR-88D/gauge precipitation
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 The three hallmark, model independent, surface
forcing fields in the above are:  (1) the 0.25-degree
gauge-only daily precipitation analysis of Higgins (1999,
private communication) using around 5–6 thousand
daily reports of precipitation, (2) the GCIP-spon-
sored GOES satellite retrieval of hourly 0.50 degree
surface solar insolation (including photosynthetically
active radiation (PAR) and diffuse) by NESDIS/ORA
using the retrieval algorithm of Pinker et al. (1999),
and (3) the GCIP-sponsored hourly, 4-km, national
“Stage IV” WSR-88D-dominated rainfall analysis of
Baldwin and Mitchell (1997).

The hourly insolation and daily precipitation are
interpolated to the LDAS grid.  Finally, the hourly
Stage IV precipitation analysis is used only to derive
hourly temporal weights on the LDAS grid.  These
weights are used solely to partition the daily gauge
precipitation into hourly amounts.   LDAS forcing
fields are available via anonymous ftp from
ftp.ncep.noaa.gov at /pub/gcp/ldas/noahoutput or view-
able at the central LDAS site of http://
ldas.gsfc.nasa.gov.

Aside from the four GOES-based products and
gauge-based and Stage IV precipitation data, the re-
maining ten fields above are taken from the 3-hourly,
40-km, NCEP atmospheric EDAS analyses, which
are temporally and spatially interpolated to hourly on
the LDAS grid.  EDAS denotes NCEP’s Eta-based
4-D Data Assimilation System, which is NCEP’s
mainline regional coupled 4DDA system (Rogers et
al., 1996) that has supplied extensive 4DDA output
to the GCIP 4DDA archive at NCAR for over four
years. (For extensive information on Eta/EDAS fields,
products, and archives for GCIP, see http://www.emc.
ncep.noaa.gov/mmb/gcip.html.)  The EDAS is a
continuously cycled, Eta-model-based, regional 4DDA
system, employing a series of 3-hourly forecast/analysis
cycles that utilize 3-D variational analysis to depict
the current state of the atmosphere using many ob-
servational data sources.

A last step in the interpolation of EDAS surface
fields to the LDAS grid is a “terrain adjustment”
using a standard lapse rate to adjust the 2-m air
temperature to account for the terrain-height differ-
ences between the EDAS and finer resolution LDAS
grid.   Keeping relative humidity fixed, the specific
humidity, downward longwave radiation, and surface
pressure are adjusted to reflect the temperature ad-
justment.

The vegetation canopy submodels of some LSMs
require PAR and diffuse radiation.  Typically these

are crudely estimated from total downward solar
radiation, but in reality they are strongly dependent
on cloud cover.  A strong point of the GOES solar
radiation retrievals is the realistic cloud cover signa-
tures therein.  Similarly, the subgrid runoff treatment
in some LSMs requires an estimate of the percentage
of precipitation that is convective. The EDAS-de-
rived convective and total precipitation and convective
available potential energy (CAPE) support estimates
of these percentages.  Finally, several of the ancil-
lary fields in the LDAS forcing files were included
to facilitate important forcing and LSM validation
and intercomparison studies including:  (1) gauge-
only vs. Stage IV radar-dominated precipitation, (2)
GOES-derived vs. empirical PAR estimations, and
(3) GOES-derived vs. LSM-simulated skin tempera-
ture.  The GCIP-sponsored GOES skin temperature
product is retrieved hourly via the so-called “split-
window” algorithm utilizing cloud-free brightness
temperatures in the 11 and 12 µm window channels
of the GOES imager.

Assembling and constructing a database of uni-
fied and self consistent high resolution land-surface
characteristics on the common LDAS grid was a
central step of this project.  NASA/GSFC used high
resolution source data sets (typically 1 km) to derive
(1) terrain height, (2) land/water mask, (3) dominant
and subdominant vegetation types, and (4) compan-
ion vegetation parameter sets.   Similarly, the National
Weather Service Office of Hydrology used high reso-
lution soils databases to derive soil characteristics
(such as texture) and companion soil parameters.
The above vegetation and soils fields, plus more
details and examples of LDAS objectives, spatial domain
and configuration, surface forcing and interactive
comparisons of LDAS LSM outputs, may be viewed
at the primary LDAS web site, built and supported
by NASA/GSFC at http://ldas.gsfc.nasa.gov.  As time
goes on, it is the intent of the participating LSM
principals to use in common as many of these sur-
face characteristics and parameter sets as possible,
but in many cases that requires changing and vali-
dating LSM physics, which is nontrivial.  Hence in
the present early phase, the three parallel LSMs are
only imposing common sharing of horizontal grid,
land/water mask, terrain height, and surface forcing.

From the start of the LDAS collaboration in
early summer 1998, it took about one year to spin
up the computing resources, databases, forcing fields,
streamflow routing, supporting web sites, real-time
data links, and surface characteristics.  Unbroken
real-time LDAS forcing and archive began on
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16 April 1999.  The parallel LSMs execute and cycle
forward from that start time, using time-steps of the
order of 15 minutes and 3–4 soil layers, and they
provide hourly output of land states (e.g. soil mois-
ture/temperature, snowpack), water and energy fluxes,
and other diagnostic quantities.  All LDAS surface
forcings (and soon LSM outputs) are archived in the
WMO gridded binary ("GRIB") format standard.

For a first LDAS result, we consider the end of
July 1999 (following 3.5 months of cycling), which
included the eastern seaboard drought episode (that
began to wane in August and dissipated in Septem-
ber owing to tropical storm rainfall).  We also choose
July because mid-summer is notable for a significant
positive precipitation bias in EDAS in the states bor-
dering the Gulf of Mexico (compare LDAS observed
and EDAS total July precipitation depicted in left
two plots on the back cover). Thus July vividly
highlights the LDAS advantages of observed precipi-
tation forcing. (Aside: the cited EDAS bias is
dramatically less in the follow-on Eta 6–48 hour free
forecast — it is amplified in the EDAS because of a
0–3 hour “spin-down” of Eta convective precipita-
tion after each observation update in the EDAS.  It
is common for regional/global 4DDA precipitation
biases to be larger than corresponding model free
forecast biases, owing to the 4DDA “spin-down”
response to observation ingest.)

First we focus on 31 July 1999 NOAH and
MOSAIC LDAS, which follows 107 days of cycling,
including the 30 days of observed July total precipi-
tation depicted at top left of the back page. The

leftmost plots on the first page compare the end-of-
July total column soil wetness (fraction between wilting
point and saturation) of NOAH (top) and MOSAIC
(bottom). We see that the NOAH soil moisture is
consistently wetter.  The companion rightmost plots
compare the NOAH and MOSAIC July total surface
evaporation.  Here we see that MOSAIC has evapo-
rated more water, consistent with its drier soil wetness
in the leftmost plots.

This result is consistent with MOSAIC and NOAH
monthly and annual water budget results found in
the 1980–1986 retrospective PILPS-2c study of
Lohmann et al. (1998).  The figure above taken
from Figure 13 of the latter study,  shows that
during the summer months, especially June and July,
MOSAIC has a notably larger magnitude of monthly
evaporation and soil moisture loss (hence drier soil
wetness fraction) than either NOAH or VIC.  The
MOSAIC evaporation here in LDAS is likely further
magnified owing to the fact that both the NOAH and
MOSAIC LSMs were “cold started” from EDAS rela-
tive soil wetness in mid-April 1999.  Hence after
only 3.5 months of “spin-up,” the MOSAIC LSM
could still be spinning down to its preferred drier
absolute state.  More meaningful intercomparisons
will be possible after a full annual cycle of LDAS
parallel LSM cycling.

It is noteworthy that the July 1999 drought sig-
nature in the United States northeastern and mid-Atlantic
states is clearly evident as an extensive region of dry
soil in both the NOAH and MOSAIC leftmost plots
on the first page.  At first glance this signature

Mean monthly water balances (1980–1986) over the Arkansas-Red River Basin from the three Land
Surface Models identified in the first paragraph of this report (from Figure 13 of Lohmann et al.,
1998).
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seems more vivid in NOAH, but only because the
given color scale blurs the true spatial variability in
MOSAIC owing to its smaller total range of soil
wetness.

In the near future, we will undertake 3-way
LSM validation of surface fluxes and soil moisture
against such surface observing networks as the OK
Mesonet, ARM/CART, Illinois State Water Survey,
and flux sites of NOAA’s Air Resources Lab (e.g.
see T. Meyers, GEWEX News, February 1998).  Ad-
ditionally, we will extensively employ the GOES-derived
skin temperatures as a new, truly continental-scale
validation tool.  Finally, we will begin streamflow
simulation and validation.

We turn now to NOAH LDAS versus coupled
EDAS comparisons on the back page.  While the
EDAS July precipitation pattern is broadly similar to
the observed (leftmost plots), the EDAS precipitation
magnitudes have serious positive biases in the Gulf
of Mexico states, U.S. southwest monsoon region,
and northeast United States.  Also, the EDAS has
displaced the observed Wisconsin precipitation maxi-
mum to the southwest in western Iowa.  These
EDAS biases and  displacements are clearly reflected
in the EDAS soil wetness, when compared to the
LDAS soil wetness (rightmost plots).  Finally, we
see that the EDAS positive precipitation bias in the
northeast has greatly reduced the area of the north-
east drought signature, compared to the well-defined
drought signature in the NOAH LDAS (rightmost
plots).

To remove any advantage afforded the NOAH
LSM by “cold starting” from the EDAS, we will
eventually cold start all LSMs anew with mid-April
1999 initial states unique to each LSM, by suffi-
ciently spinning up each LSM through various
retrospective forcing means.  In a related matter, to
properly assess LDAS soil moisture anomalies, each
LSM group needs to derive a soil moisture climatol-
ogy for its LSM.  Hence, all LDAS LSM partners
are pursuing significant retrospective runs, to comple-
ment the real-time LDAS presented here.  Also, in
the future, as resources permit, we will add other
LSMs and partners to our project (e.g., TOPLATS,
Common Land Model, and a traditional calibrated
lumped model, such as the Sacramento Model).
Finally, we will compare LDAS results to EDAS
reruns wherein we assimilate the hourly Stage IV
precipitation analyses directly into the EDAS (Lin et
al., 1999) to eliminate EDAS precipitation biases.

(Note:  This document is available with full-size
figures at http://www.emc.ncep.noaa.gov/mmb/gcp/pubs/
GEWEXNEWS_NOV99.html)
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NEW GEWEX APPOINTMENTS

♦ The GEWEX Hydrometeorology Panel
(GHP) new chairman is Dr. Carlos
Nobre, nobre@cptec-inpe.br.

♦ The Baltic Sea Experiment (BALTEX)
new secretary is Dr. Jens-Meywerk,
Jens.Meywerk@gkss.de.


