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Project to Interface Modeling on Global and
Regional Scales With EOS Observations

Principal Investigator — Robert E. Dickinson

Science Background

Climate models have several important roles that require
their further improvement. They are the major tool in pro-
jecting future climate change from increasing greenhouse
gases, thus providing a basis for planning adaptation to
future climate change and possible limitations on the pro-
duction of greenhouse gases by international convention.
They also provide useful predictions of interannual cli-
mate variability resulting from El Nifio and other mecha-
nisms. Finally, they are the scientific basis for the 4-di-
mensional data assimilation technology used for analysis
of many of the EOS remote-sensing products. Land pro-
cesses and their interaction with the atmosphere are im-
portant elements of climate models and EOS observations.
The various activities in this investigation are directed
toward improving the interaction of land processes with
the atmosphere in climate models, hence improving the
use of climate models for the prediction of global change
and for data assimilation through the application of EOS
data. The analysis and comparison of these data to model
results improve the formulation of processes in current
climate models and give a better understanding of the
underlying physical processes.

Science Goals

The primary foci of this investigation are to: 1) develop
new methods for using EOS observations to assess and
improve climate-model treatments of surface-atmosphere
interactions and the hydrological cycle; 2) develop and
apply methods to obtain, archive, and enhance geophysi-
cal parameters from EOS sensors that will improve those
components of climate models; and 3) analyze and im-
prove those aspects of climate models most related to the
coupling between land and the atmosphere, including the
numerical simulations required to design and test such
improvements.

Current Activities

Specific tasks currently being addressed to help meet the
overall objectives are:

Development of algorithms and data sets: Appropri-
ate treatments are being developed for: an hourly skin
temperature from the twice-daily MODIS skin-tempera-
ture product; a roughness-length data set which will use
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MODIS land cover information along with observations
of past field studies to estimate the aerodynamic rough-
ness length and displacement height; a fractional vegeta-
tion-cover product based on the observed skin tempera-
tures along with NDVI, LAI, and vegetation type; and an
albedo for use in climate models derived from the MO-
DIS albedo and BRDF products and allowing for required
spectral and solar-zenith dependencies. Questions related
to the most suitable methods for scaling-up of the various
surface parameters to the resolution of climate models
are being addressed.

Modeling issues: Data sets needed for climate model
boundary conditions are being developed from EOS ob-
servations on a 0.1° spatial mesh. Prior to the availability
of such observations, preliminary such data are derived
from the 1-km AVHRR product of the land DAAC and
from intermediate products derived by various EOS par-
ticipants. Software is developed that scales the observa-
tions on the 0.1° grid to various resolutions used by cli-
mate models. Studies are done with versions of the NCAR
Community Climate Model to test the boundary condi-
tions so derived, to determine what model resolutions can
make most effective use of EOS observations, to estab-
lish the nature of climate-simulation improvement pro-
vided by EOS data, and to prototype the use of EOS ob-
servations for model improvement. Working in the con-
text of the BATS and other land models, specific
parameterizations are being improved related to the use
of EOS observations that involve model surface tempera-
tures and water and energy fluxes.

Use of Satellite Data

Various data (including snow cover, surface skin tempera-
ture, land cover, surface BRDF, surface albedo, LAI, and
NDVI) from EOS Terra instruments (especially MODIS
and MISR) will be used to derive skin-temperature diur-
nal cycle, roughness length, albedo, and vegetation frac-
tional cover. These EOS data will also be used to validate
and improve surface processes in climate models. Cur-
rently, one year global 10-day average 1-km AVHRR data
(including all channels and derived NDVI) and global 1-
km land cover data (with a total volume of about 200
GB) have been obtained form EROS DAAC to prototype
our research efforts and to test our scientific computing
facility.
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Participation in Field Activities

We are contributing to various field activities (e.g.,
BOREAS, SALSA, CASES, and EOS instrument valida-
tion efforts) by providing modeling guidance and appli-
cations (e.g., selection of sites and timing, measurement
accuracy requirements, use of the data for modeling pa-
rameterization) through presentations at related work-
shops/meetings and research involvement.

Product Dissemination

In collaboration with other groups, we are developing
web-based archival systems to provide the products of
our investigation to any users that may require them.

Principal Investigator
Robert Dickinson

Robert Dickinson has been contributing to the fields of
climate modeling and global change research for over 30
years. He received his Ph.D. from the Massachusetts In-
stitute of Technology in 1966 and shortly thereafter joined
the staff of NCAR. In 1975, he became Head of the Cli-
mate Section and, in 1981, Deputy Director of the Cli-
mate and Global Dynamics Division. He joined the fac-
ulty of the Department of Atmospheric Sciences at the
University of Arizona in 1990 and currently holds the
position of Regents Professor. He has been active in many
capacities as a member of the U.S. National Academy of
Sciences, the American Geophysical Union, and the
American Meteorological Society, as an editor for the
Journal of Climate and through active participation in
committees, panels, and working groups of the National
Research Council, the International Geosphere Biosphere
Programme, the World Climate Research Programme, and
the Intergovernmental Panel on Climate Change. Awards
received by Dr. Dickinson include: the AMS Meisinger
Award in 1973, the AMS Jule G. Charney Award in 1988,
the AMS Walter Orr Roberts lecturer in Interdisciplinary
Sciences in 1995, the AMS Rosshy Award in 1996, the
AGU Roger Revelle Medal in 1996 and the G. Unger
Vetlesen Prize from the Lamont-Doherty Earth Observa-
tory of Columbia University in 1995.

Co-Investigators

William Emery -University of Colorado
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The Global Soil Wetness Project

Principal Investigator — Paul A. Dirmeyer

Science Background

The Global Soil Wetness Project (GSWP) is an ongoing
modeling activity of the International Satellite Land-Sur-
face Climatology Project (ISLSCP), a contributing project
of the Global Energy and Water Cycle Experiment
(GEWEX). The GSWP is charged with producing a 2-
year global data set of soil moisture, temperature, runoff,
and surface fluxes by integrating one-way uncoupled land-
surface process models (LSPs) using externally specified
surface forcings and standardized soil and vegetation dis-
tributions, namely, the ISLSCP Initiative | CD-ROM data
(Sellers et al. 1996a). Approximately one dozen partici-
pating LSP groups in five nations have taken the com-
mon ISLSCP forcing data to execute their state-of-the-art
models over the 1987-1988 period to generate global data
sets. See IGPO (1995) or Dirmeyer et al. (1999) for fur-
ther details.

The motivation for GSWP stems from the paradox
that soil wetness is an important component of the global
energy and water balance, but it is unknown over most of
the globe. Soil wetness is the reservoir for the land-sur-
face hydrologic cycle, it is a boundary condition for the
atmosphere, it controls the partitioning of land-surface
heat fluxes, affects the status of overlying vegetation, and
modulates the thermal properties of the soil. Knowledge
of the state of soil moisture is essential for climate pre-
dictability on seasonal-to-annual time scales. However,
soil moisture is difficult to measure in situ, remote-sens-
ing techniques are only partially effective, and few long-
term climatologies of any kind exist.

Science Goals

The goals of GSWP are fourfold. The project will pro-
duce state-of-the-art global data sets of soil moisture, sur-
face fluxes, and related hydrologic quantities. It is a means
of testing and developing large-scale validation techniques
over land. It serves as a large-scale validation and quality
check of the ISLSCP Initiative | data sets. GSWP is also
a global comparison of a number of LSPs, and includes a
series of sensitivity studies of specific parameterizations
which should aid future model development.
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Current Activities

The GSWP consists of three components: the Production
Group, the Validation Group, and the Inter-Comparison
Center. The Production Group consists of land-surface
modelers who conduct offline integrations of land-sur-
face models over a global 1° grid for 1987-1988 using
prescribed atmospheric forcing based on observations, re-
mote sensing, and analyses. Each member of the produc-
tion group produces global time-mean and instantaneous
fields of surface-energy and water-balance terms three
times per month using his/her model. These data are pro-
duced in a standard format and sent to the Inter-Compatri-
son Center. In addition, each model is used to perform
specific sensitivity studies. The sensitivity experiments
are intended to evaluate the impact of uncertainties in
model parameters and forcing fields on simulation of the
surface-water and energy balances.

There is also a Validation Group which assembles
data sets and coordinates studies to validate the global
products, either directly (by comparison to field studies
or soil-moisture measuring networks) or indirectly (e.g.
use of modeled runoff to drive river-routing schemes for
comparison to streamflow data). The soil-wetness data
produced are being tested within a general circulation
model (GCM) to evaluate their quality and their impact
on seasonal-to-interannual climate simulations. The
Winand Staring Centre has volunteered to lead the vali-
dation process.

An Inter-Comparison Center (ICC) has been estab-
lished at the Center for Climate System Research, Uni-
versity of Tokyo, for evaluating and comparing data from
the different models. Comparison among the model re-
sults is used to assess the uncertainty in estimates of sur-
face components of the moisture and energy balances at
large scales, and as a quality check on the model products
themselves.

Use of Satellite Data

The project relies heavily on the ISLSCP Initiative | data
sets, produced and stored at the NASA/Goddard DAAC.
Many aspects of these data are based on remote-sensing
data. Virtually all of the vegetation-cover data are derived
from Fourier-adjustment, solar-zenith-angle-corrected, In
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terpolated Reconstructed (FASIR) Normalized Difference
Vegetation Index (NDVI) products derived from the Ad-
vanced Very High Resolution Radiometer (AVHRR), as
described by Sellers et al. (1996b). In addition, the high-
resolution surface shortwave and longwave radiation
fluxes used to drive the models were calculated from a
hybrid of ISCCP-C1 data (Darnell et al. 1992) and
ECMWF analyses, prepared at NASA/Langley Research
Center.

Principal Investigator
Paul A. Dirmeyer

Dr. Dirmeyer received his Ph.D. from the University of
Maryland in 1992 and joined the research staff at the Cen-
ter for Ocean-Land-Atmosphere Studies shortly thereaf-
ter. He has conducted research into the role of the land
surface in climate variability and predictability, as well
as in land-surface model development. He is chair of the
GEWEX Global Soil Wetness Project (GSWP), a mem-
ber of the International Satellite Land-Surface Climatol-
ogy Project (ISLSCP) Science Panel, and the NCAR Cli-
mate System Model — Land Model Working Group. He
has been a member of the American Meteorological So-
ciety since 1985, and a member of the American Geo-
physical Union since 1990. He has served on panels of
the NOAA Office of Global Programs, GEWEX Conti-
nental-scale International Project (GCIP), NASA Earth
Science Enterprise, and the Intergovernmental Panel on
Climate Change.

Co-Investigators

Pavel Kabat Winand Staring Centre
A. J. Dolman Winand Staring Centre

194 « Interdisciplinary Science Investigations

References

Darnell, W.L., W.F. Staylor, S.K. Gupta, N.A. Ritchey,
and A.C. Wilber, 1992: Seasonal variation of surface ra-
diation budget derived from ISCCP-C1 dataGeophys.
Res, 97, 15,741-15,760.

Dirmeyer, P.A., A.J. Dolman, and N. Sato, 1999: The Glo-
bal Soil Wetness Project: A pilot project for global land
surface modeling and validatidBull. Amer. Meteor. Soc.
80, 851-878.

International GEWEX Project Office, 1995: Global Soll
Wetness Project, 47 pp.

Sellers, P.J., B.W. Meeson, J. Closs, J. Collatz, F. Corprew,
D. Dazlich, F.G. Hall, Y. Kerr, R. Koster, S. Los, K.
Mitchell, J. McManus, D. Myers, K.-J. Sun, and P. Try,
1996: The ISLSCP Initiative | global datasets: Surface
boundary conditions and atmospheric forcings for
land-atmosphere studieBull. Amer. Meteor. Soc77,
1987-2005.

Sellers, P.J., S.O. Los, C.J. Tucker, C.O. Justice, D.A.
Dazlich, G.J. Collatz, and D.A. Randall, 1996: A revised
land surface parameterization (SiB2) for atmospheric
GCMs. Part Il: The generation of global fields of terres-
trial biophysical parameters from satellite dat&limate,

9, 706-737.

Investigation URL
http://www.iges.org/gswp/

1999 EQS Reference Handbook



Hydrology, Hydrochemical Modeling, and
Remote Sensing In Seasonally Snow-covered

Alpine Drainage Basins

Principal Investigator — Jeff Dozier

Science Background

Seasonally snow-covered areas of the Earth’s mountain
ranges are an important component of the Earth’s hydro-
logic cycle, even though they cover only a small fraction
of the Earth’s surface. These alpine regions are a major
source of water for runoff, ground-water recharge, and
agriculture. Moreover, these regions are sensitive to
changes in climate and to the amount and chemistry of
snowfall, because of their small ground-water reservoirs,
the predominance of intrusive igneous rocks that weather
slowly, thin acidic soils, the large amount of precipita-
tion, and typical basin low-buffering ability. Because of
this sensitivity, changes in precipitation chemistry trans-
late into changes in stream chemistry more rapidly than
in basins with deeper soils.

Knowledge of the hydrologic cycle in these areas is
limited by poor understanding of the processes that de-
termine the cycle. We have imprecise knowledge about
the spatial and temporal distribution of the rate of snow
melt, water flow in the snow and its chemical concentra-
tions, and the routing of water from the snow pack through
the drainage basin. Because of the topographically com-
plex terrain in alpine basins, it is difficult to collect suffi-
cient data to characterize and model these processes.

Science Goals

In an attempt to gain better understanding of Alpine Ba-

sin Hydrology, this investigation will use remotely-sensed

data from several EOS-era instruments in conjunction with
field data to study hydrologic conditions in watersheds

and to drive hydrologic models. It seeks a fundamental
understanding of the cycling of water, chemical species,
and nutrients in alpine basins, and thus an ability to iden-
tify changes caused by changing climate or changing pre-
cipitation chemistry.

Current Activities

Snow mapping at subpixel resolution with Landsat TM
and NOAA AVHRR dat&Ve have developed automated,
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unsupervised spectral-mixture analysis techniques for
mapping snow-covered area at subpixel resolution. The
mixture analysis permits estimation of fractional snow
cover for 30-m or 1.1-km pixels. The technique was veri-
fied with high-resolution (<1 m) aerial photos, is as accu-
rate as the photos, but can be used over much larger areas
at much lower cost. The technique is being extended to
MODIS data.

Snow and grain-size mapping at subpixel resolution
and estimation of surface liquid water with AVIRIS (Air-
borne Visible and Infrared Imaging Spectromet&pec-
tral-mixture analysis with a library of modeled snow spec-
tral reflectances and measured spectral reflectances (veg-
etation, rock, soil, lake ice) facilitates estimation of the
fraction of snow in each 20-m pixel and the surface grain
size of that snow. Knowledge of the grain size allows cal-
culation of the spectral albedo of the snow, independent
of the albedo of the other constituents in the pixel. The
algorithm is now automatic and will be portable to MO-
DIS data. Modeling results show that we can derive lig-
uid-water content of a thin surface layer.

Synthetic aperture radar (SAR) investigations with
data from AIRSAR and SIR-C/X-SARith an airborne
or spaceborne SAR, snow can be mapped in any weather
condition with an accuracy of about 85%. Although in-
struments in the optical wavelengths, e.g., Landsat, pro-
vide more-accurate snow maps, they are restricted to clear
weather. The liquid-water content in the top layer of the
snow pack can be estimated with an accuracy of about
2% by volume from SAR. It provides the information on
melting status of snow pack. SAR data can also estimate
the snow-water equivalence (SWE), which is the most
important parameter for hydrologic applications. Com-
bining this information into a distributed snow-melt model
that predicts the timing and magnitude of snow-melt run-
off from energy-balance parameters is one of our future
challenges. Such a model could be a powerful manage-
ment tool for forecasting runoff, and, hence, maximizing
water yield and minimizing the impacts of floods.

Biogeochemical modelindiogeochemical model-
ing of 3 catchments in the Sierra Nevada has been com-
pleted and continues at two catchments in the Rocky
Mountains. The completed modeling shows that alpine

Interdisciplinary Science Investigations = 195



catchments are sensitive to changes in climate and atmo-
spheric deposition. The modeling also shows that areas
of rock in alpine catchments, that were previously con-
sidered unreactive, are reactive and produce cations and
immobilize nitrogen in alpine basins. In building a model
for an alpine catchment, snow-covered area (SCA) is the
most crucial data type. SCA dominates the hydrology of
alpine basins and also has an effect on the biogeochemis-
try of alpine basins by insulating and thus warming the
soil during the cold winter season.

Developing data-centric information management
systemsOur studies of hydrology and hydro-chemistry
systems result in an accumulation of massive amounts of
scientific data. We are addressing the need to manage these
large, complex data sets, so that the data are effectively
and efficiently ingested, stored, maintained, retrieved, and
analyzed. Evolving systems are being used for handling
imagery, managing field data, and creating scientific prod-
ucts. Some capabilities of the systems include the ability
to store and retrieve data from disparate computing envi-
ronments in a “seamless” fashion; generate scientific prod-
ucts; access a variety of analysis tools; track processes
applied to data; view imagery, field notes, and maps;
browse and select data of interest over the Internet; and
provide an intuitive user interface.

Use of Satellite Data

In the EOS era, techniques initially carried out with
Landsat TM, NOAA AVHRR, and AVIRIS data will be
extended to subpixel snow extent and grain-size mapping
from MODIS and ASTER. With such analyses, MODIS
will be useful in alpine regions. SAR investigations that
are now being pursued with advanced aircraft-mounted
systems may be continued using simplified techniques
with single-frequency, single-polarization SAR instru-
ments such as those on ERS-2, JERS-1, and Radarsat to
provide useful snow-mapping data.

Participation in Field Programs

Examination of the biogeochemistry of mixed-conifer
catchments in the Sierra Nevada using 12 years of data
on precipitation inputs, stream discharge, and stream
chemistry has shown that precipitation over the period
varied widely, but that chemistry precipitation was simi-
lar. Solute concentrations were higher in rain than in snow,
and dry deposition constituted a major portion of the ni-
trogen and sulfur inputs. Although soil alkalinity buff-
ered acidic inputs from wet deposition, brief decreases in
stream pH occurred during larger storms. These data show
that the close relationship between precipitation chemis-
try and stream chemistry occurs in the subalpine forested
zone, as well as in the high alpine zone with only sparse
trees and thin soils.
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In the Tokopah drainage of the Sierra Nevada range,
measurements were obtained of depth and density of the
snowpack suitable for estimating the distribution and ab-
lation of SWE throughout the 1997 melt season. The sur-
vey data, in combination with remotely sensed data (TM
and AVIRIS), are currently being used in the application
and comparison of various methods of determining SWE;
the development of basin water balances; an investiga-
tion of the relationship between SWE accumulation and
terrain attributes; the initialization, calibration, and vali-
dation of distributed hydrological and hydrochemical
models; and the development of methods for distributed
snowmelt model validation.

Field measurements in the Rocky Mountains have
investigated nitrogen-cycling processes under the snow
pack. The data show a trend in the last decade toward
nitrogen saturation in the high-elevation catchments. Nor-
mally these basins do not export nitrogen; the biota con-
sume all the nitrogen before it leaves the basin. However,
deposition of extra nitrogen in the precipitation has ap-
parently caused these basins to become nitrogen saturated.

Alarge, collaborative remote-sensing and field cam-
paign was conducted in Spring 1996 in the Rocky Moun-
tain National Park. Immediate uses of the campaign in-
clude snow-water-equivalence and snowmelt modeling,
and further development of algorithms to retrieve snow
surface information from remotely sensed imagery.

Principal Investigator
Jeff Dozier

Jeff Dozier, Dean of the Donald Bren School of Environ-
mental Science and Management, University of Califor-
nia, Santa Barbara, received his B.A. from California State
University, Hayward in 1968 and his Ph.D. from the Uni-
versity of Michigan in 1973. He has taught at UC Santa
Barbara since 1974. From 1990-1992 he served as the
EOS Senior Project Scientist. He has published exten-
sively in diverse fields of research including snow hy-
drology, Earth system science, radiative transfer in snow,
remote sensing and data systems, image processing, and
terrain analysis. With Dr. Ghassem Asrar he is the co-
author of EOS: Science Strategy for the Earth Observing
System (American Institute of Physics, 1994). He is a Fel-
low of the American Geophysical Union, a Distinguished
Visiting Scientist at the Jet Propulsion Laboratory, and
an Honorary Professor of the Chinese Academy of Sci-
ences. From 1990-1993 he was Editor of Geophysical
Research Letters. For the National Research Council, he
is a member of the Climate Research Committee and also
serves on the Scientific and Technical Advisory Panel of
the National Intelligence Council. In 1993 he received
the NASA Public Service Medal, was the 1997 Moe I.
Schneebaum Lecturer at NASA GSFC, and now serves
on the Earth System Science and Applications Advisory
Committee (ESSAAC).
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Co-Investigators

Roger Bales University of Arizona
John Melack University of California

Kathy TonnessenNational Biological Service/National
Park Service

Mark Williams -University of Colorado
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Combining Remote Sensing and Hydrological
Modeling for Applied Water and Energy

Balance Studies

Principal Investigator — Ralph Dubayah

Science Background

An improved understanding of the continental and global
water and energy cycles is crucial to our ability to predict
and plan for global change in the next century. Of par-
ticular importance is the role of the land surface in con-
trolling the spatial and temporal dynamics of these cycles,
and the resulting effects on surface hydrology. Conse-
qguently, there has been intense research activity aimed at
improving the representation of the land surface in mod-
els used for climate simulation, weather prediction, and
water management. However, performing large-scale ap-
plications of these models is greatly complicated by the
scarcity of land-surface observations. In many areas of
the world, the data needed to drive such models do not
exist, so that water management and forecasting are
fraught with uncertainty. Many of the most data-deficient
areas are underdeveloped regions of the world that are at
high risk for water-related disasters, such as floods and
droughts.

The use of remote-sensing data from existing space
platforms, as well as those from the planned EOS suite of
sensors, promises to revolutionize our knowledge by pro-
viding alternatives to the ground observations upon which
hydrological modeling is presently based.

Science Goal

The major science goal of this investigation is to improve
hydrologic prediction capabilities for water-resource man-
agement at continental scales through the development
of coupled hydrologic and land-surface models that are
driven by remotely sensed data. As a consequence, our
research objectives involve the development and assess-
ment of remote-sensing methods to provide input forcings
for hydrologic models, as well as strategies for using re-
mote-sensing data to update hydrologic state variables in
these models. Through these efforts we also hope to ob-
tain a better understanding of the spatial and temporal
variability of the water and energy balances, and the con-
tributing role of land-surface characteristics and near-sur-
face atmospheric dynamics.
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Current Activities

In collaboration with other EOS IDS investigators, we
have undertaken an initial study of the Red River-Arkan-
sas basin of the Mississippi, the focus of a recent Project
for the Intercomparison of Land Surface Parameteriza-
tion Schemes (PILPS) model intercomparison. Our ac-
tivities in this basin serve as a framework for our future
work and are focused on:

1) ground and satellite data acquisition;

2) generation of environmental forcing fields from these
data; and

3) water-and-energy balance studies using the two-layer
Variable Infiltration Capacity model (VIC-2L), a hy-
drologically based land-surface scheme.

The strategy is to first drive our models using in situ
observations. To that end, we are developing a method
for real-time gridding of surface precipitation and tem-
perature fields based on station data. Subsequently, as
many of the model input fields as possible will be de-
rived using remote-sensing methods, and model results
will then be compared to simulations using only surface
data. Based on our experience in the Red River-Arkansas
basin, we have begun similar work for the entire Missis-
sippi basin, an area of intense modeling and field activity
within the context of the GEWEX Continental Scale In-
ternational Project (GCIP).

Coincident with these specific modeling efforts, we
are engaged in general research centered around the use
of remotely sensed data in hydrological modeling. Our
first activity is the development and validation of remote-
sensing methods to derive input fields for hydrological
modeling by integrating satellite data from multiple plat-
forms at varying spatial and temporal resolutions. Sec-
ondly, we are working towards evolving our hydrologic
model structure so that it can better exploit current and
EOS-era remote-sensing products. For instance, with an
appropriately designed model, remote-sensing data may
be used not only as driving inputs, but also to update model
state variables such as surface temperature, so that over
time model outputs do not diverge from observed envi-
ronmental conditions.

1999 EQS Reference Handbook



Use of Satellite Data

A central goal of this research is to combine remote sens-
ing with hydrological modeling; therefore, our work re-
lies heavily on satellite data. We have used a variety of
existing remote-sensing data in our investigation thus far,
including AVHRR, GOES, TOVS, Landsat, and a variety
of passive and active microwave sensors, all guided pri-
marily by required model input fields for VIC-2L. These
fields include incoming solar radiation, surface albedo,
incoming longwave radiation, air temperature, vapor pres-
sure deficit, precipitation, wind, and surface characteris-
tics such as vegetation, soils, and topography. In addi-
tion, model-state-variable updating may require data on
surface temperature, soil moisture, and snow cover.

We use GOES data to derive incoming solar radia-
tion at fine temporal resolution (30 minutes) with coarse
spatial resolution (nominal 1 km). Data from the GOES
water-vapor channel are also used to find total column
precipitable water vapor. AVHRR data are used to derive
near-surface air temperature, precipitable water vapor,
near-surface humidity, and surface temperature. AVHRR
imagery are also used to obtain vegetation data (NDVI),
and from this, seasonal changes in fractional PAR, frac-
tional forest cover and leaf-area index (LAI). The TOVS
instrument on board NOAA polar orbiters provides coarse-
resolution estimates of air and surface temperature. Lastly,
we are exploring the use of radar and microwave data for
temperature, soil moisture, and snow cover from instru-
ments such as SIR-C and SMMR-SSM/I.

Participation in Field Programs

We intend to participate in field activities planned for the
GCIP North Central (Upper Mississippi River basin) and
East (Ohio and Tennessee-Cumberland River basin Large
Scale Study Areas (LSAs). GCIP plans to move its focus
from LSA-SW (Arkansas-Red River basin) to North Cen-
tral, and subsequently East, over the next two years. A
current focus of our modeling is the development of an
improved algorithm to simulate frozen soils and associ-
ated effects on infiltration and soil thermal characteris-
tics. One aspect of this work may be in situ observations
to verify the ability of SAR to delineate the extent of fro-
zen soils. We are also participating in CASES, the Coop-
erative Atmosphere-Surface Exchange Study, a surface-
boundary layer experiment initiated in the Walnut River
basin in Kansas, in the spring of 1997. With others, our
field work there is aimed at characterizing the spatial vari-
ability of soil moisture.
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Overview and Objectives

The estimation of the spatial and temporal variability of
the hydrologic and energy budgets of the land surface is a
central objective of studies such as GCIP, and is crucial
for improved climate simulation, numerical weather pre-
diction, and water resources management. Macroscale
hydrological modeling is a powerful tool with which to
develop predictive understanding of the large-scale dy-
namics of these budgets. However, hydrological model-
ing at continental scales and beyond is greatly hindered
by the scarcity of land-surface observations needed to
drive the models.

Remote sensing promises to revolutionize large-scale
hydrological modeling by providing an alternative to the
use of ground observations that historically have been the
sole model forcings. The challenge is to design hydro-
logic model structures and remote-sensing methodologies
that make best use of the largely untapped potential of
satellite observations for water-resources management
during the EOS era.

Principal Investigator
Ralph Dubayah

Ralph Dubayah received his B.A. (1982) in geography
from the University of California, Berkeley, and his M.A.
(1986) and Ph.D. (1990) degrees in geography from the
University of California, Santa Barbara. His research in-
terests include land-surface energy balance, hydrology,
topographic and spatial analysis, and remote sensing. He
is principal investigator for the Vegetation Canopy Lidar
(VCL), a NASA Earth System Science Pathfinder (ESSP)
mission to map the structure of the Earth’s forests and
topography. He is currently Associate Professor at the
University of Maryland, College Park, and holds a joint
appointment in Geography and the University of Mary-
land Institute for Advanced Computer Studies (UMIACS).

Co-Investigator

Dennis P. Lettenmaierdniversity of Washington
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The advantage of satellite-based temperature estimation is the ability to continuously map over large regions. The images above show
surface temperature (left) and air temperature (right) retrievals for the entire Mississippi basis at the AVHRR overpass time for 19 June,
1987. Note the relative difference between the two fields and the area of considerably warmer surface temperatures to the west, and
the cooler air temperatures in the mountains forming the western border of the basin. (After Dubayah and Lettenmaier, 1997.)
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Direct Use of Satellite Remote Sensing in the
Estimation of Hydrologic Transports

Principal Investigator — Dara Entekhabi

Science Goal

The key objective of this proposal is to develop the capa-
bility to directly use data from remote-sensing instruments
such as those on Terra (MODIS and CERES visible and
infrared) in hydrologic processes studies. The project will
use existing archives of satellite observations (ERBE and
SSM/I at Langley DAAC) in these spectral regions to-
gether with robust dry static energy information from re-
analyses (GEOS-1 NASA DAO) in a new approach to
the estimation of hydrologic transports using these data.
The project is directed towards the development of data
products on land runoff and other components of the sur-
face water and energy budget over the GEWEX conti-
nental scale basin experiments (GCIP, GAME, LBA, and
MAGS basins). The development of the new methodol-
ogy is in response to the severe limitations on the appli-
cability of the current archive of satellite data and future
suite of planned satellite missions in the quantitative char-
acterization of the hydrologic cycle. It is also in response
to the need to estimate land runoff and other components
of the hydrologic cycle when instruments (river gages and
radiosondes vapor data) have large measurement errors.

The hydrologic flux data (vapor convergence and
runoff) produced by this project are essentially based on
applying coupled atmospheric energy and water budget
equations. Components of these equations are estimated
using assimilated data on thermal and wind structure, and
constraining these equations by high-quality visible and
thermal-infrared satellite observations. These estimates
form a third and independent estimate of the land and
areal runoff (in addition to river gage and atmospheric
vapor convergence estimates that may be compared to
GEWEX continental scale basin experiment estimates
based on in situ observations by river gages and vapor
transport radiosondes/reanalyses.

Principal Investigators
Dara Entekhabi

Dara Entekhabi is currently an associate professor in the
Department of Civil and Environmental Engineering and
Department of Earth, Atmospheric, and Planetary Science
at the Massachusetts Institute of Technology (MIT). His
area of research interest includes land remote sensing, hy-
drologic data assimilation, land-atmosphere interaction,
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and groundwater-surface water interaction. He received
his bachelor’s and two Master’s degrees at Clark Univer-
sity (1983, 1985, 1987) and his doctoral degree at MIT.
Dara Entekhabi was awarded the American Geophysical
Union’s Macelwane young scientist award as well as the
National Science Foundation’s Presidential Young

Investigator’'s award. He is currently the chair of the Na-

tional Research Council Committee on Hydrologic Sci-

ence.

Co-Investigators

Rafael L. Bras Massachusetts Institute of Technology
Guido D. Salvucci Boston University
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Representing Key Phytoplankton Groups in
Ocean Carbon Cycle Models

Principal Investigator — Paul G. Falkowski

Project Summary

A gquantitative understanding of the global carbon cycle
is essential for the assessment of anthropogenic effects
on the Earth’s environment. Such an understanding re-
quires the integration of ecological processes in math-
ematical models. We propose to develop and integrate
observational data with mathematical models leading to
the development of a comprehensive biogeochemical rep-
resentation of key functional groups in the ocean carbon
cycle. Specifically, we propose to:

1) develop satellite-based observational approaches for
distinguishing major functional biological groups, in-
cluding nitrogen fixers, diatoms, and
coccolithophores, that influence the temporal and
spatial distribution of sources and sinks for carbon
dioxide in the world ocean;

2) develop modeling approaches for incorporating these
functional groups in ecosystem models; and

3) simulate the response of functional groups to future
climate scenarios using coupled atmosphere-ocean
models.

The primary goal of this proposal is to improve ocean
carbon models by describing how physical and chemical
forcing affects the statistical distribution of key functional
phytoplankton group§-hat information is critical to pre-
dicting how changes in ocean physics and chemistry will
influence total and new production in future ocean-model
scenarios. The proposed research effort will be coordi-
nated with the Ocean Carbon-cycle Modeling
Intercomparison Project (OCMIP), an international project
initiated in 1995 by the Global Analysis, Interpretation
and Modeling (GAIM) Task Force of the International
Geosphere-Biosphere Program (IGBP). The results of the
proposed research specifically would lead to the devel-
opment of algorithms that predict how ocean physics and
chemistry affect the spatial distribution of:
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1) Trichodesmium sp., the major nitrogen-fixing organ-
isms;

2) diatoms, the major group responsible for export pro-
duction;

3) coccolithophores, which, as a consequence of calci-
fication, raise pCQ and

4) the polytaxonomic group of picoplankton, which,
while they are the major carbon fixers, contribute little
to carbon export.

The statistical distribution of these four functional
groups will be analyzed using remotely sensed informa-
tion in conjunction with sea-truth data, and, based on the
statistics of their distributions, “functional group profiles”
will be generated. The “functional group profiles” give a
probability of encountering each of the four groups in each
grid cell of an ocean general circulation model (OGCM).
Based on these profiles, we can specify physical and
chemical criteria that maximize and minimize the distri-
butions of each group, and hence prospectively infer their
distributions in climate-change scenarios. From knowl-
edge of the distributions of each group, the forcing and
feedback between ocean circulation, chemistry, and bio-
logical processes can be represented much more realisti-
cally in OGCMs.

The proposed research will examine the relationship
between remotely sensed data products, such as ocean
color, SST, and wind stress, with the spatial and temporal
distribution of the key functional groups. We propose to
develop algorithms that represent biogeochemical pro-
cesses such as nitrogen fixation, calcification, and export
production. The algorithms are intended to be included
in OGCMs in which the effects of climate change on the
spatial and temporal distributions can be explored.

This research effort combines capabilities in remote
sensing with expertise in physiological ecology and ocean
biogeochemical process models. This interaction will be
facilitated by collaborations with key researchers that spe-
cialize in one or more of the individual functional groups
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Principal Investigator
Paul G. Falkowski

Paul G. Falkowski is a Professor at the Institute of Ma-
rine and Coastal Sciences, Rutgers University. His re-
search interests include phytoplankton ecology, biophys-
ics, biogeochemical cycles, and symbiosis.

Since 1976, Falkowski has been a principal investi-
gator under contract to the U.S. Department of Energy, to
study primary production and the fate of phytoplankton
carbon off the east coast of the U.S. He has worked ex-
tensively in the Atlantic and Pacific Oceans and in the
Red Sea. His latest research efforts are directed towards
understanding the factors limiting biological carbon fixa-
tion on geological and ecological time scales. He was in-
volved in the SeaWiFS primary production algorithm
development program and remote sensing of global bio-
geochemical cycles.

Born in 1951 and raised in New York City, Falkowski
earned his B.S. and M.Sc. degrees from the City College
of the City University of New York and his Ph.D. from
the University of British Columbia. After a post-doctoral
fellowship at the University of Rhode Island, he went to
Brookhaven National Laboratory in 1976 to join the staff
of the newly formed Oceanographic Sciences Division.
He received tenure in 1984 and served as head of the di-
vision from 1986 to 1991. In 1998 he moved to Rutgers
University. In 1992 he received a John Simon Guggenheim
Fellowship. In 1996 he was appointed as the Cecil and
Ida Green Distinguished Professor at the University of
British Coumbia. He has authored or coauthored over 150
papers in peer-reviewed journals and books, and has
coinvented and patented a fluorosensing system which is
capable of measuring phytoplankton photosynthetic rates
nondestructively and in real time.

Co-Investigators

Richard Barber buke University
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Integrating Biogeochemical, Ecological, and
Hydrological Processes in a Dynamic

Biosphere

Principal Investigator — Jonathan Foley

Science Background

The biosphere is undergoing fundamental, global-scale

changes in response to land use, increases in atmospheric

CO, concentration, and variations in climate. It is there-
fore of paramount importance to improve our understand-
ing of the terrestrial ecosystem processes on a global scale.
In particular, we must examine the dynamics of the ter-
restrial biosphere on a wide variety of timescales, from
seasons to centuries.

To better understand global biospheric processes, and
to evaluate their potential response to human activity, we
are developing a new integrated dynamical model of the
Earth’s biosphere. Previous computer models of the
globe’s ecosystems have typically focused on the static,
or equilibrium, state of the biosphere rather than the full
range of ecological, biophysical, and biogeochemical pro-
cesses occurring across different timescales. In addition,
earlier models have traditionally focused on one particu-
lar aspect of the biosphere—either the vegetation cover
itself, its water balance, or its carbon balance.

Our new, more integrated model, called the Integrated
Biosphere Simulator (or IBIS), reconciles the disparity
of previous ecosystem models by including the follow-
ing processes:

 Land-surface processes (including the energy, water and
momentum balance of the soil-vegetation-atmosphere
system);

» ecosystem physiology and carbon-balance processes;

 vegetation dynamics;

 nutrient cycling and biogeochemistry; and

 continental-scale hydrology

In addition, IBIS is one of the first models that can
simulate the long-term dynamics of vegetation and eco-
systems at the global scale. Such models, often referred
to as Dynamic Global Vegetation Models (DGVMs), can
be used to investigate how the world’s ecosystems may
change over time in response to land use, long-term cli-
matic variations, or climate change.

204 « Interdisciplinary Science Investigations

Science Goal

Our NASA Interdisciplinary Science Team (IDS) project
(as part of NASA's Earth Science Enterprise) aims to fur-
ther develop and validate this new integrated model of
the Earth’s biosphere. The ultimate goal of our project is
to improve our understanding of the Earth’s terrestrial
biogeochemical and hydrologic cycles and their dynamic
response to anthropogenic and natural changes in the en-
vironment.

Current Activities

Some of our current research activities include the fol-
lowing:

e Development and Testing of IBIS

In early 1999, we released IBIS-2, a dramatically im-
proved version of the IBIS modeling system. IBIS-2
includes a much more comprehensive representation
of terrestrial ecosystem processes than its predecessors,
including detailed land-surface processes, ecosystem
physiological processes, vegetation growth and com-
petition, and soil carbon and nutrient cycling. The model
has been extensively tested against site-specific bio-
physical measurements (mainly from flux towers), as
well as spatially extensive ecological and hydrological
data. Currently, we operate the model at both global
and regional scales; two regions of particular interest
to our group are the Amazon Basin and the Mississippi
Basin.

Future developments of IBIS will focus on two ma-
jor areas. First, we will be adding managed ecosystems
to the model, including permanent croplands and pas-
tures. Second, we will be adding explicit disturbance
and age-dependence, to account for the effects of natu-
ral or human disturbance on ecosystems and their re-
sponse over time.

We are continuing to evaluate the performance of
the IBIS model against a hierarchy of data sets, includ-
ing site-level flux measurements, regional syntheses of
ecological or hydrological measurements, and global-
scale remote-sensing products.
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» Development of a New Terrestrial Hydrological Sys-
tems Model: Rivers, Lakes, and Wetlands

Another part of our IDS project is focused on the link-

ages between surface waters (including lakes, wetlands,

and rivers) and the terrestrial biosphere.

In 1998, we completed the development of the
HYDrological Routing Algorithm (HYDRA), which is
linked to IBIS through a shared water-balance calcula-
tion. HYDRA operates at fairly high spatial resolution
(~10 km, globally) to simulate the flow of water from
land surfaces (through rivers, lakes, and wetlands) to
the ocean. HYDRA is the first global model to explic-
itly link rivers, lakes, and wetlands as fully dynamical
parts of the hydrologic cycle. We have also included
man-made structures (i.e., dams and reservoirs) within
HYDRA, to account for the management of terrestrial
hydrological systems.

We are actively working to evaluate HYDRA simu-

lations against observed patterns of lakes, wetlands, and

river systems.

We have been using the IBIS and HYDRA models in the
following suite of research applications:

* DGVM Intercomparison Exercise

One recent application of IBIS has been to simulate the
possible transient changes in global vegetation cover
that may result from future climatic change. We are
currently participating in an IGBP-sponsored interna-
tional project (coordinated by the Potsdam Institute for
Climate Impacts Research in Germany) to evaluate the
transient changes in global vegetation cover resulting
from CO,; and aerosol-induced climatic change, as
simulated with the U.K. Hadley Centre Coupled At-

mosphere/Ocean model. There are several ecosystem

modeling groups participating in this project, includ-
ing our EOS-IDS project, Sheffield University (UK),
the Hadley Centre (UK), the Potsdam Institute for Cli-
mate Impacts Research (Germany), the Institute for
Terrestrial Ecology (UK), and the Max Planck Institute
for Biogeochemical Cycles (Germany).

In this comparison, we are emphasizing the possible
transient changes in global vegetation cover and ter-
restrial carbon storage resulting from climate change
and CQ fertilization. At the present time, the prelimi-
nary results of the comparison show that the models
have a fair degree of agreement, but many unexplained
differences remain.

 Effects of Land Use on the Terrestrial Biosphere
We are beginning to examine how changes in land cover

can affect the behavior of different ecosystems across
the world. Specifically, we are interested in how land
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use may change terrestrial hydrological processes and
the ability of terrestrial ecosystems to store carbon. We
have already compared IBIS simulations against de-
tailed measurements made at the University of Wis-
consin Agricultural Experimental Station for different
land-use practices (e.g., restored prairie versus several
corn growing practices). Currently, we are conducting
sensitivity studies with IBIS at regional and global
scales, to investigate the potential changes in bio-
geochemical and hydrological processes that may ac-
company land-use and land-cover change.

We are also developing a new historical database
of global land-use and land-cover change. To recon-
struct spatially-explicit land-use and land-cover change
over the last 100-200 years, we are developing a statis-
tical land-cover data-assimilation technique that com-
bines contemporary satellite data with historical land-
use inventory data and other environmental data. Our
first data set, representing the global distribution of per-
manent croplands from 1992 to 1700 at ~10-km reso-
lution, was completed in early 1999.

In the immediate future, we will be working to in-
corporate the dynamics of human land use activities
within IBIS. Because IBIS is a mechanistic, integrated,
and fully dynamic ecosystem model (including dynamic
representations of vegetation regrowth)—it is ideally
suited for this purpose. We will use this modeling frame-
work along with geographically-explicit data on
changes in land use and land cover (along with histori-
cal climate and C&concentration records) to exam-
ine changes in terrestrial carbon exchange over the last
century.

Spatial & Temporal Variability in the Hydrological
Systems of the Midwest

Using our new modeling tools, we have been investi-
gating the effects of atmospheric and terrestrial pro-
cesses on the water balance and hydrology of the Up-
per Midwest. In this study, we are applying IBIS and
HYDRA across the Upper Midwest, to examine the
influence of climate variability on land-surface pro-
cesses, the surface water balance, and changes in river
discharge.

We are currently testing the performance of the IBIS
and HYDRA models across the Mississippi Basin, us-
ing a combination of detailed in situ measurements
(from long-term soil-moisture recording stations and
flux towers) and spatially extensive hydrographic data
(gauging station data collected by the USGS).

Exploring Climate and Vegetation Interactions
In a related NSF-funded project, we have incorporated

IBIS directly within the GENESIS atmospheric GCM
in collaboration with David Pollard at Penn State Uni-
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versity and Starley Thompson at NCAR. With this fully
coupled climate-vegetation model, we are evaluating
the potential for vegetation feedbacks on the Earth’s
climate. In particular, we have found that scenarios of
future climate change may need to be re-evaluated to
consider the potential for vegetation feedbacks. Some
specific questions we are considering include the fol-
lowing:

1. What might be the combined impacts of tropical de-
forestation and doubled G@oncentrations (includ-
ing both radiative and physiological effects) on cli-
mate?

2. Are vegetation feedbacks likely to contribute to
changes in future climate associated with a doubling
of CGO, concentrations?

3. Did vegetation feedbacks alter the climate of the
Last Glacial Maximum? If so, what were the pos-
sible physiological effects of lower G@oncentra-
tions on the climate and ecosystems?

Currently, we are actively engaged in an effort with
NCAR scientists to couple IBIS into the NCAR Cli-
mate Systems Model (CSM). The CSM is a state-of-
the-art climate model that combines an atmospheric
general circulation model, a land-surface package, an
ocean general circulation model, and a dynamical sea-
ice model. By including IBIS within the NCAR CSM
framework, we will provide the scientific community
with an excellent framework to explore both the equi-
librium and transient behavior of the coupled atmo-
sphere-biosphere-ocean system, and its sensitivity to
human activities.

Use of Satellite Data

We plan to use a variety of EOS-related satellite data in
pursuit of our science goals. In particular, we will be us-
ing data from MODIS to evaluate our model results for a
variety of biophysical and ecological parameters. In ad-
dition, we hope to incorporate data from other platforms
into our project, including vegetation structure data from
the VCL and improved rainfall data sets from TRMM.

Participation in Field Activities

Our group will be providing modeling and data analysis
support to the Large-Scale Biosphere-Atmosphere Experi-
ment in Amazonia (LBA) through NASAs LBA-Ecol-
ogy program. Our LBA project focuses on long-term
changes in the ecology, biogeochemistry, and water re-
sources of the Amazon Basin, and how they may be af-
fected by climatic variations and land-use practices.
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Initial versions of IBIS have already been used to
investigate ecological and hydrological processes within
the Amazon, and their sensitivity to land use, climate
change, and Cgfertilization. Working with other LBA-
Ecology investigators, we plan to develop improved ver-
sions of our integrated terrestrial biosphere models, and
use them to better understand the changing environmen-
tal conditions of Amazonia.

Principal Investigator
Jonathan Foley

Jonathan Foley’s research focuses on the interdisciplinary
interface between climate, global ecology, and human
activities. In particular, his work is focused on the use of
computer models to analyze and simulate changes in cli-
mate, global ecosystems, and natural resources.

Foley is currently the Director of the Climate, People
and Environment Program (CPEP) at the University of
Wisconsin. In addition, he holds the Reid A. Bryson Pro-
fessorship at Wisconsin.

Foley earned his doctoral degree in Atmospheric Sci-
ences at the University of Wisconsin in 1993. His gradu-
ate work was supported by a National Science Founda-
tion Fellowship, and was recognized with a Sigma Xi
Doctoral Research Award. In addition, Foley was awarded
a Presidential Early Career Award for Scientists and En-
gineers in 1997 (nominated by NASA), and a National
Science Foundation Faculty Career Development award
in 1995.

Co-Investigators

John Norman University of Wisconsin

I. Colin Prentice Lund University, Sweden
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Biosphere-Atmosphere Interactions

Principal Investigator — Inez Fung

Science Background

This investigation is directed at improving our understand-
ing of the role of the terrestrial biosphere in global change
using models, in situ observations, and satellite data. Spe-
cifically, the science investigations in the project cover
both short-term (biophysics) interactions between the land
biosphere and the atmosphere and long-term (ecology,
anthropogenic impacts) interactions. One short-term fo-
cus of the work is to develop and use a coupled land-
biosphere-atmosphere model to simulate the response of
the physical climate system to both radiative and physi-
ological changes induced by increasing,CThis model

will have its surface boundary conditions largely speci-
fied from satellite data. Complementary work is focused
on the development of a range of carbon-cycle models
operating over a wide range of time scales, which will be
used to understand the follow-up response of the terres-
trial biosphere to climate change.

Science Goal

The goal of the investigation is to first understand and
then to predict the response of the coupled terrestrial bio-
sphere-global atmosphere system to global change, spe-
cifically to the increase in atmospheric £ addition

to improving our understanding of the critical components
of the Earth system, this project should yield improved
products of derived surface and atmospheric parameters,
and will be directly useful in developing methodologies
to extract the maximum benefit from EOS observations.

Current Activities

The group has constructed a biophysics model (SiB2) and
a biogeochemical model (CASA), and has continued de-
velopment of global climate and tracer transport models.
Versions of SiB2 and CASA models have been coupled
to different versions of the the Colorado State University

(CSU) GCM and the GISS atmospheric tracer transport
model. The flexible suite of models has been combined
with the NDVI time series to investigate biophysical and

biogeochemical interactions among energy, water and
carbon on interannual and longer time scales. The group
is also developing fundamental understanding in the use
of isotope information to elucidate water- and carbon-

208 « Interdisciplinary Science Investigations

exchange processes and to constrain interpretation of glo-
bal water and carbon cycles. Time series of global gridded
satellite observations of the biosphere are produced and
analyzed. Related work is being done on improving re-
mote-sensing calibration and other tools to derive veg-
etation-cover components and phenology.

Use of Satellite Data

The project will make strong use of the Terra and EOS
PM platform data. MODIS, MISR, and ASTER data will
be used to define surface properties for the SiB2 and
CASA models to replace those data sets that are currently
derived from AVHRR observations. AIRS data will be
used to check all aspects of the model's performance in-
cluding, among others, atmospheric states and radiation
fields. We have also been working with the POLDER sen-
sor on ADEQOS and the Lewis sensor. We plan to use the
data from the NPOESS sensors when the system becomes
available.

Participation in Field Programs

Many of the team members participate in field programs
which aim to further our understanding of important pro-
cesses as well as teach us how to better use satellite data
in the models. These experiments have included:

FIFE: Astudy of land-atmosphere exchanges and remote
sensing, carried out in Kansas in the late 1980s.

BOREAS: Several investigators took part and will take
part in this large-scale, interdisciplinary study of the func-
tioning of the boreal forest of Canada.

LBL: This experiment focuses on biosphere-atmosphere
interactions in tropical Amazonia. The ongoing analysis
of the data embraces aspects of land-surface climatology,
ecology, biogeochemistry, terrestrial ecology, and remote
sensing.

FIRE: This is a study of atmospheric radiative transfer
and the validation of remote-sensing algorithms.
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Principal Investigator
Inez Fung

Inez Fung is currently Director of the Center for Atmo-
spheric Sciences and a Professor in the Department of
Geology and Geophysics and the Department of Envi-
ronmental Science, Policy and Management at the Uni-
versity of California, Berkeley. She received her Sc.D. in
Meteorology from the Massachusetts Institute of Tech-
nology in 1977, and was a postdoctoral fellow at Goddard
Space Flight Center from 1977-1979. She was associated
with the Goddard Institute for Space Studies in various
capacities from 1979-1998. From 1993-1998, she was
Professor at the University of Victoria in Canada. She
was honored with NASA's Medal for Exceptional Scien-
tific Achievement (1989), election as a Goddard Senior
Fellow (1992-1997), as a Fellow of the American Meteo-
rological Society (1994) and the American Geophysical
Union (1996).

Co-Investigators

Joe Berry Carnegie Institution
James Collatz NASA/Goddard Space Flight Center

A. Scott DenningUniversity of California at Santa Bar-
bara

Christopher Field €arnegie Institution

Christopher O. JusticeUniversity of Virginia / NASA-
GSFC

Pamela A. Matson Stanford University

Harold Mooney Stanford University

David Randall -Colorado State University

Piers J. SellersJohnson Space Flight Center
Compton J. TuckerNASA/Goddard Space Flight Center
Susan Ustin University of California at Davis

Peter Vitousek Stanford University
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Aerosols, Clouds, Chemistry, and Radiative

Forcing

Principal Investigator — Steven J. Ghan

Science Background

By burning fossil fuels and biomass, the human race is
altering both the composition of the atmosphere and the
radiation balance of the planet, perhaps enough to
noticably change the climate within the next few decades.
Combustion of fossil fuels and biomass yields emissions
of both CQ and aerosols and their precursors,@éps
infrared radiation and hence warms the planet, while aero-
sols primarily scatter sunlight and hence cool the planet.
Whether the radiative forcing due to anthropogenic aero-
sols dominates or is dominated by the radiative forcing
due to anthropogenic Gdepends upon the relative emis-
sions of these combustion products, their atmospheric life-
times, and their radiative properties. Although anthropo-
genic emissions of CQOdominate those of aerosols and
their precursors, and the atmospheric lifetimes of aero-
sols and their precursors are much shorter than that of
CO,, the global radiative forcing by aerosols resulting
from fossil fuel combustion is estimated to be roughly
comparable to that by GOper unit of fuel combusted.

However, the uncertainty in the estimates of the ra-
diative forcing due to anthropogenic aerosols is much
greater than the uncertainty in the radiative forcing due
to increasing C@ concentrations. This uncertainty is
partly due to the short lifetime and hence heterogeneous
distribution of anthropogenic aerosols, and partly due to
the complex manner in which aerosols affect the plan-
etary radiation balance. Aerosols can alter the planetary
radiation balance directly by scattering, absorbing, and
emitting solar and infrared radiation, and indirectly by
serving as cloud condensation nuclei (CCN), thereby in-
creasing cloud droplet number and cloud albedo. Direct
radiative forcing is complicated by water uptake by aero-
sol particles, which depends not only on ambient relative
humidity but also on the history of relative humidity en-
countered by the aerosol particle. Indirect radiative forc-
ing through the role of anthropogenic aerosols as CCN
depends not only on the concentration of the aerosols,
but also on the concentration of other aerosols that com-
pete for water when cloud droplets are formed. Reducing
the uncertainties in estimates of the radiative forcing due
to anthropogenic aerosols will therefore require methods
that can account for considerable complexity.
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Science Goal

To reduce the uncertainty in estimates of the radiative forc-
ing due to anthropogenic aerosols, this investigation fo-
cuses on the development, evaluation, and application of
an integrated global modeling system designed to pro-
vide refined physically based estimates of both direct and
indirect radiative forcing by anthropogenic aerosols. This
global modeling system, once properly evaluated through
comparison with surface, in situ, and remote measure-
ments, can serve as an intelligent interpolator of observa-
tions, providing the ability to distinguish between natural
and anthropogenic aerosols.

Current Activities

We have coupled the Pacific Northwest National Labora-
tory (PNNL) global chemistry/aerosol model in-core
memory with the PNNL version of the National Center
for Atmospheric Research (NCAR) Community Climate
Model (CCM2). The PNNL global chemistry/aerosol
model simulates the sulfate, methane sulfonic acid (MSA),
carbonaceous, dust and sea salt aerosol mass for speci-
fied size distributions in both the aqueous and interstitial
phase. The PNNL version of the NCAR CCM2 simulates
mass and number concentrations of cloud droplets and
ice crystals. The two models interact through the influ-
ence of aerosols on radiative heating and cloud droplet
number and through the influence of clouds on aqueous
chemistry and wet removal of aerosol. Nudging of the
simulated winds toward observations is applied so that
the simulated aerosol can be evaluated on timescales of
days as well as months.

Estimates of direct radiative forcing by aerosols have
generally either relied upon field measurements or clas-
sical Kohler theory to treat the dependence of water up-
take on relative humidity. However, field measurements
cannot distinguish the influence of different aerosol com-
positions, and Kohler theory cannot account for hyster-
esis. To improve upon these treatments, we are develop-
ing a dynamic aerosol growth model suitable for global
simulations. Depending on the composition, ambient RH,
and particle history, the aerosol may be completely solid,
completely liquid, or mixed-phase.
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The treatment of a variety of aerosols is motivated
by the hypothesis that aerosols compete for water when
cloud droplets form, so that any estimate of the indirect
radiative forcing by a particular aerosol species will de-
pend upon the concentration of all other aerosol species.
To test this hypothesis, we are conducting global experi-
ments with several different values of a prescribed back-
ground aerosol. We are also using a detailed aerosol acti-
vation model to test the hypothesis for a variety of aero-
sol types, and are developing a refined parameterization
of aerosol activation for multiple aerosol types.

Measurements of the composition of CCN in remote
locations have indicated the presence of considerable or-
ganic material. We are therefore developing a model of
tropospheric chemistry that treats organic chemistry and
sulfur chemistry in much more detail. Parallel simulations
with the present simple chemistry mechanism and with
the more-detailed mechanism will be compared to deter-
mine the impact of the more-detailed chemistry on the
estimated radiative forcing.

Aerosol size distribution is presently prescribed in
terms of log-normal distributions for Aitken, accumula-
tion, and coarse modes. Such a treatment lacks the flex-
ibility needed to properly treat aerosol activation, in which
a larger mass fraction than number fraction is typically
activated for each aerosol mode. To distinguish between
the activation of aerosol number and mass, we are ex-
ploring the prediction of number as well as mass for each
aerosol mode.

Recent work with regional models has shown that
heterogenous reactions on aerosol surfaces can have a sig-
nificant impact on tropospheric ozone. We are using our
model to investigate this problem in a global atmosphere.

Use of Satellite Data

We use satellite data primarily to evaluate model perfor-
mance. We are presently relying on AVHRR data to evalu-
ate the simulated aerosol optical depth. Using daily analy-
ses of AVHRR data by NOAA and by Brookhaven Na-
tional Laboratory, we form composites of simulated opti-
cal depth for the same times as the AVHRR observations.
Differences between the simulated and analyzed optical
depths can reflect errors in the simulated optical depth,
but can also arise from errors in the aerosol composition
and size distribution assumed in the AVHRR analysis. To
reduce ambiguity in the interpretation, we therefore are
focusing on the “aerosol radiance” (the difference between
the radiance observed by the satellite and what the radi-
ance would be in the absence of aerosols) as the figure of
merit.

To assess the simulation of indirect radiative forc-
ing, we are currently relying on Qingyuan Han'’s estimate
of droplet effective radius from AVHRR data, Tom
Greenwald’s estimate of cloud liquid water path from
SSM/I microwave measurements, and on the ERBE mea-
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surements of cloud radiative focing. After the launch of
the TRMM and Terra satellites, we will rely on analyses
of CERES measurements for cloud radiative forcing and
MODIS measurements for cloud optical depth and cloud-
top particle size.

Global mid-tropospheric distributions of CO obtained
from the Measurement of Air Pollution by Satellites
(MAPS) experiments that took place in April and Octo-
ber of 1994 are being used to test the model’s performance
in simulating free tropospheric chemistry. After the launch
of the Terra satellite we will use MOPITT estimates of
tropospheric CO.

Participation in Field Programs

We have compiled a multi-year data set of aerosol optical
depths measured daily by solar radiometers and rotating
shadowband radiometers at a variety of sites across the
continental United States, Barrow, Alaska, Mauna Loa,
Barbados, Bermuda, Teneriffe, the Canary Islands, Mace
Head Ireland, Tasmania, and the South Pole.

Principal Investigator
Steven J. Ghan

Steven J. Ghan received his B.S. in Atmospheric Science
from the University of Washington in 1979 and his Ph.D.
in Meteorology from the Massachusetts Institute of Tech-
nology in 1988. From 1984 to 1990 he worked at the
Lawrence Livermore National Laboratory, coupling a glo-
bal aerosol model with a global circulation model to in-
vestigate the nuclear winter hypothesis. In 1990 he be-
came a Senior Research Scientist at Battelle Pacific North-
west Laboratory, where he has focused on improving the
treatment of clouds and cloud-aerosol interactions in glo-
bal models and on representing the subgrid influence of
mountains on clouds and precipitation in regional mod-
els. He has been a member of the Department of Energy
Atmospheric Radiation Measurement Science Team since
1991, and an affiliate associate professor at the Univer-
sity of Washington since 1992.

Co-Investigators

Richard C. Easter Battelle Pacific Northwest Labora-
tory

Rick D. Saylor -Georgia Institute of Technology
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Clear-sky mean aerosol optical depth for August 1994 as derived from AVHRR radiance measurements and as simulated by the PNNL
global aerosol model. Data is unavailable for the Southern Hemisphere because the satellite flew in the darkness there.
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Use of the Cryospheric System (CRYSYS) to
Monitor Global Change in Canada

Principal Investigator — Barry E. Goodison

International Sponsor - Canada

Science Background

The cryosphere is an important component of the global
climate system, involving complex feedback mechanisms
of differing magnitude and sign. At the global scale, there
is a large body of evidence documenting an inverse rela-
tionship between the amount of snow and ice on the
Earth’s surface and global mean temperature. There are,
however, important regional exceptions to this generali-
zation, and greater understanding of cryospheric processes
and their spatial and temporal variability is required to
reduce the uncertainties in modeling regional and global
climates and the hydrological cycle. Improved understand-
ing of cryospheric variability is particularly relevant in
Canada where a wide range of economic activities are
sensitive to variations in cryospheric elements.

Science Goals

The basic scientific goals of CRYSYS are to:
1) develop capabilities for monitoring and understand-
ing variations in cryospheric variables across a range
of scales;

2) develop and validate local, regional, and global mod-
els of climate/cryospheric processes and dynamics
to improve understanding of the role of the cryosphere
in the climate system; and

3) assemble, maintain, and analyze key historical, op-

erational, and research cryospheric data sets to sup-
port climate monitoring and model development.

Current Activities

The broad goals of CRYSYS are being addressed through
five scientific themes corresponding to the main elements
of the cryosphere in Canada: glaciers and ice caps, sea
ice, lake ice, snow, and frozen ground/permafrost. There
is a CRYSYS data management activity to address data
issues and a cross-cutting cryospheric modeling compo-
nent. Brief overviews of the activities of each theme fol-
low. The theme leader is identified for each component.
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Glaciers and ice caps (M. Brugman)his component
focuses on the development of new techniques for moni-
toring glaciers and ice caps with remotely sensed data,
complementary in situ validation, and continuing enhance-
ment and access to conventional glacier information such
as the Canadian Glacier Inventory.

Seaice (E. LeDrew)CRYSYS sea-ice research focuses
on field investigations for development and validation of
microwave algorithms for first-year and multi-year sea
ice, depth of snow on sea ice, and modeling of interan-
nual variability and sea-ice-climate feedback processes.

Lake ice (A. Walker):Lake-ice studies focus on the use
of passive and active microwave satellite data to extract
geophysical information related to lake-ice processes and
the identification of freeze-up/break-up events for climate
variability and change analysis.

Snow (A. Walker): Main thrusts in CRYSYS snow-re-
lated research are the development and validation of pas-
sive and active microwave algorithms for snow-cover
properties (extent, water equivalent, wet/dry state) in vary-
ing landscapes; the synergism between active and pas-
sive microwave data for enhancing snow-cover informa-
tion retrieval; generation of information products in near-
real time; and reconstruction of historical snow cover from
conventional and remotely-sensed data to document and
better understand long-term variability in snow cover.

Frozen ground/permafrost (C. Duguay)rhe frozen-
ground research focuses on the development of new means
for mapping/monitoring seasonally and perennially fro-
zen ground (permafrost), and associated features (e.g.,
thaw slumps, active-layer detachment slides, thaw lakes)
using optical and microwave remote-sensing data.

Cryospheric Modeling (G. Flato)CRYSYS research ac-
tivities are contributing to the validation and improve-
ment of the representation of the cryosphere in global cli-
mate models. To date, most of the CRYSYS modeling
activities have focused on sea ice, such as studies to simu-
late landfast-ice variability in the Canadian high Arctic
over a range of time scales from diurnal to interannual.
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Use of Satellite Data

CRYSYS requires the effective combination of data from
many conventional or ground data sets, from airborne
campaigns, and from remotely sensed information from
EOS and non-EOS platforms.

Current passive microwave data from SSM/I on the
DMSP platforms are the basis for the development of
snow, lake-ice, and sea-ice algorithms for AMSR and fu-
ture SSM/I sensors. SAR data from ERS-1 and 2 and
Radarsat are critical for all components of the cryosphere
being studied under CRYSYS. AVHRR is the current sen-
sor for large-area studies before MODIS becomes avail-
able in the EOS era. ASTER will support targeted gla-
cier/ice cap and frozen-ground investigations. CRYSYS
team members interact directly with the NSIDC and ASF
DAAC facilities and Canadian agencies in most of their
studies.

Examples of the use of current satellite data for
CRYSYS research include: acquisition of DMSP SSM/I
data in near real-time for the development of algorithms
to derive snow-water equivalent (SWE), extent, and snow-
pack state for different landscape regions of Canada and
generate snow-cover information products for climate
analyses (including modeling) and water resource moni-
toring and forecasting (such as depicted in the figure on
the following page); development and implementation of
an SWE algorithm using Radarsat data for hydroelectric
forecasting in Northern Quebec; SSM/I 85-GHz bright-
ness-temperature data for large lakes in northern Canada
to discriminate between ice cover and open water, for
monitoring freeze-up/break-up patterns for the entire lake;
application of SAR and Landsat TM data for improving
glacier-runoff modeling and glacier mass balance; the
practical application of SAR interferometry for topo-
graphic measurements on glaciers; and the synergism
between optical (Landsat, SPOT) and active microwave
(ERS-1/2, JERS-1, Radarsat) data for mapping frozen-
ground and permafrost phenomena.

Participation in Field Programs

All CRYSYS components involve extensive field inves-
tigations for algorithm development and validation, of-
ten in conjunction with other international initiatives such
as BOREAS and GEWEX/MAGS (Mackenzie GEWEX
Study). Detailed measurements of geophysical properties
of first-year and multi-year ice have been taken at the
SIMMS/C-ICE (Seasonal Sea Ice Monitoring and Mod-
eling Site/Collaborative-Interdisciplinary Cryospheric Ex-
periment) field site near Resolute, North West Territories
(NWT), since 1990.

Extensive airborne and ground networks have been
established in major landscape target sites throughout
Canada (including prairie, boreal forest, tundra) for re-
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peated ground-measurement and passive-microwave sur-
veys for data acquisition in support of satellite microwave
(e.g., SSM/I, Radarsat) snow-algorithm developing, test-
ing, and validation. Five permafrost study sites have been
established (Mayo and Old Crow, YT; Churchill, Man.;
Fosheim Peninsula, NWT; and Umiujaq, Que.) and in-
tensive field campaigns have been mounted in the
Churchill area over the past two summers to map surface
cover, active-layer depth, and permafrost-related terrain
features. Glacier and ice-cap mass-balance measurements
continue to be made at long-term monitoring sites in west-
ern Canada and the Canadian Arctic.

Principal Investigator
Barry Goodison

Barry Goodison received his Ph.D. from the University
of Toronto and has over 30 years of exeperience in
cryosphere, precipitation measurement, and climate/
cryosphere studies as a scientist with the Atmospheric
Environment Service, Environment Canada. He has led
several national and international field studies on com-
ponents of the cryosphere, especially snowfall and snow
cover. He recently led the World Meteorological Organi-
zation Intercomparison on the Measurement of Solid Pre-
cipitation, and was an investigator and organizer of the
Boreal Ecosystem Atmosphere Study (BOREAS). He
currently is a member of the WCRP Task Group on
Cryosphere and Climate. He has served on, or chaired,
many scientific committees and working groups, includ-
ing several for NASA.

Co-Investigators

David Barber University of Manitoba
Monique Bernier {NRS-EAU, Université du Québec
Ross Brown Atmospheric Environment Service

Melinda Brugman €olumbia Mountains Institute for Ap-
plied Ecology

Claude Duguay €entre d’études nordiques, Université
Laval

Greg Flato Atmospheric Environment Service
Hardy Granberg University of Sherbrooke

Roy Koerner -Geological Survey of Canada
Ellsworth LeDrew -University of Waterloo
Lawrence Mysak McGill University

Terry Pultz -Canada Centre for Remote Sensing
Anne Walker -Atmospheric Environment Service

Ming-ko Woo -McMaster University
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Freshwater Cycle in the Global Ocean

Principal Investigator — Sirpa Hakkinen

Science Background

The heat transport in the oceans and the global-conveyor-
belt concept to explain the renewal of the deep ocean has
received more attention in the scientific literature than
the oceanic freshwater conveyor. The thermal-conveyor
circulation implies that the northern Atlantic source is the
dominant deep-water source for the global ocean. The
conversion of surface water to bottom water in the north-
ern hemisphere occurs mainly through heat loss while the
freshwater flux tries to oppose the process. There is a small
contribution to the northern dense waters from the Arctic
water masses which form as a result of brine rejection, as
it is the only means of densification in ice-covered areas.
In the Southern Ocean, brine rejection is the main pro-
cess of densification, but there are occasional polynyas
in deep water in the Ross and Weddell Seas where deep
convection may occur.

Ice-core and sediment data show that there have been
large fluctuations in the past in the thermohaline circula-
tion which have been associated with the changes in the
freshwater storage in ice sheets. Superimposed on this
long-time-scale variability, the ice-core data show intense
shorter timescale variability which can be interpreted to
result from thermohaline circulation changes. The very-
long-period variability in the hydrological cycle associ-
ated with the ice sheets is not of immediate interest in our
study. The distribution of freshwater from sea ice and pre-
cipitation minus evaporation (P-E) sources is of impor-
tance to thermohaline circulation on interannual-to-
decadal time scales by modifying the surface-water masses
and mixing processes at subpolar-to-polar latitudes. This
variability affects deep waters as well as mode waters (in-
termediate water masses), which can have a climatic im-
pact on decadal scale because they will come into contact
with the atmosphere much faster than the deep waters.
More importantly, the basic knowledge of the freshwater
cycle in the present climate is not well known, mainly
due to the lack of good quality observational P-E data.
Assimilated P-E products from atmospheric models can
be flawed because the models can have serious biases in
their moisture-transport and boundary-layer treatment. A
manifestation of such model bias together with ocean-
model bias is the need for flux correction when the mod-
els are coupled. For instance the GFDL coupled model
(Manabe and Stouffer, 1988) shows that the largest model
drift occurs in the areas of deep-water formation, such as
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in the Greenland Sea and mainly affects the surface salin-
ity fluxes.

The sea-ice regions are sources of variability in the
freshwater cycle in the ocean through ice advection
(Hakkinen, 1993, 1995), but, more importantly, these re-
gions also provide the connections to the other ocean ba-
sins. Thus, the freshwater cycle is truly interhemispheric
in nature with interbasin connections through the Arctic
and the Southern Ocean. The only interbasin connection
outside polar/subpolar regions is through the Indonesian
archipelago.

Poleward of 45 N/S the land and oceans receive net
precipitation which has to be returned back to the equato-
rial regions. The subpolar/polar regions are also source
regions for the below-thermocline and deep/bottom wa-
ters; thus a part of the freshwater route back to global
system coincides with the thermohaline circulation. The
redistribution of freshwater between the two basins is sig-
nificant for the conveyor circulation as shown by several
modeling studies, e.g., Marotzke and Willebrand (1991).
However, the freshwater route from the northern Pacific
through the Arctic Ocean to the Atlantic has been ne-
glected, and Wijffels et al. (1992) suggest that most of
the net freshwater gain (from the atmosphere) by the North
Pacific is routed through the Arctic. Considering this
northern freshwater route, a study by Shaffer and Bendtsen
(1994) is of importance: A three-box model describes the
multiple equilibria as a result of water-mass exchange
between the Pacific and the Atlantic. The general tendency
of the solutions is that with larger flow/deeper Bering Strait
the conveyor solution is suppressed while closing of the
Strait favors the conveyor solution. Besides the depth of
the Strait, two other free parameters of the model are the
freshwater transport to the northern regions and how it is
divided between the North Pacific and North Atlantic.
With increasing total freshwater transport the North At-
lantic sinking would be less likely, unless the fractional
portion of the transport to the Pacific is increased. Thus
the northern freshwater route complicates the scenarios
for the variability of the thermohaline conveyor. This is
especially relevant for the global-warming scenarios
which imply enhanced moisture transport to the high lati-
tudes.

Science Goal

The objective of this proposal is to study the freshwater
transports in the global ocean using coupled ocean and
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ice models. The hydrological cycle in the oceans requires
inclusion of the polar regions for closure because the mid-
to-high-latitude net precipitation, and runoff from conti-
nents, has to be returned to the rest of the world ocean.
The freshwater conveyor opposes the thermal conveyor
at the high latitudes where deep-water-formation regions
are located. The variability of freshwater flux is of criti-
cal importance in these areas as the freshwater fluxes in-
fluence the global thermohaline circulation and thus pro-
vide a source for long-term climate variability. The pro-
posed effort complements the present Earth Science En-
terprise (ESE) study of the global hydrological cycle and
supports the ESE goal towards understanding of mecha-
nisms and factors which determine long-term climate
variations and trends.

Our goal is to model the freshwater conveyor as it
exists in the present climate using precipitation data from
SMMR, SMM/I, and TRMM, as well as corresponding
runoff data (from our land surface/ river model). We plan
to estimate magnitudes of disturbances and their effects
on the thermohaline cell. One such disturbance of inter-
estis the distribution of the atmospheric freshwater trans-
port between the N. Pacific and N. Atlantic.

Current Activities

The development of a generalized vertical-coordinate
ocean model is the first task, which will include the same
physics, such as the turbulence-closure model (which pre-
dicts the vertical diffusion of momentum, temperature,
and salinity), as in the POM (Princeton Ocean Model;
Blumberg and Mellor 1987). The latter model uses sigma-
coordinates in the vertical where the model layers follow
the terrain and requires considerable smoothing of the to-
pography with decreasing resolution. Thus, modifications
are necessary to accommodate some detail in topography
in a coarse-resolution grid X2 degrees) but retaining
some bottom boundary-layer physics, which is important
for deep flows, i.e., thermohaline circulation. Inclusion
of flexible vertical-layer structure could also allow the
use of density surfaces to define layers, because the lay-
ers have to be updated every time step. The generation of
a global grid that avoids the north-pole convergence and
avoids any other boundary conditions than cyclic condi-
tions requires some consideration and effort.

The freshwater cycling in the ocean is studied firstin
a diagnostic framework and later on in quasi-equilibrium
runs for a specified freshwater forcing. Given the equili-
bration time scale of thousands of years for oceanic ther-
mohaline circulation, even ax2-degree model can be
too long to run for several experiments. However, ten-
dencies in the model behavior can be equally illuminat-
ing of the physics and adequate for the study of the sensi-
tivity of the interbasin freshwater export from the Pacific
to the Atlantic via the Arctic Ocean.
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Use of Satellite Data

Model input requires precipitation minus evaporation data
to study the freshwater conveyor using data from SMMR,
SMM/I, and TRMM, as well as corresponding runoff data

(from our land surface/ river model).

Principal Investigator
Sirpa Hakkinen

Sirpa Hakkinen received her Bachelor of Science (1974)
and Master of Science (1976) degrees in Physics from
the University of Helsinki, Finland. Her Ph.D. is in Geo-
physical Fluid Dynamics from Florida State University
(1984). Since 1990 she has been a member of the Oceans
and Ice Branch at NASA Goddard Space Flight Center.
She has worked on coupled sea-ice and ocean models to
study mesoscale processes and during recent years has
investigated interannual-to-decadal variability in the Arc-

tic and North Atlantic Oceans.

Co-Investigator
George L. Mellor Princeton University
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Interannual Variability

of the Global Carbon,

Energy, and Hydrologic Cycles

Principal Investigator — James E. Hansen

Science Background

Global climate change has attained paramount interest in
Earth sciences because of its potential to affect human
activities and the environment. A crucial science issue is
to understand the possible anthropogenic role in observed
climate change. Mankind’s alteration of the carbon cycle,
through burning of fossil fuels and deforestation, is ex-
pected to significantly alter the planet’s temperature and
thermal-energy cycle, and perhaps the most important
impact of this will be on water distribution and the hy-
drologic cycle. Measurable changes in the carbon, energy,
and water cycles are occurring on a year-to-year basis.
Analysis of these changes and their relationships has great
potential to improve predictability of future climate
change.

Science Goals

The ultimate objective of our study of the combined car-
bon, energy, and water cycles concerns global climate
change, specifically an understanding of current and re-
cent interannual climate variability and trends, as well as
an ability to reliably predict the future climatic impact of
anthropogenic activities. Achievement of the climate re-
search goals is dependent upon appropriate global obser-
vations of climate forcings, feedbacks, and diagnostics,
and thus our role in EOS and the overall NASA Earth
Science Enterprise is to help define needed observations
and to use these observations in our research as they be-
come available during the EOS flight era.

Current Activities

Our present focus is on analysis of the change of the glo-
bal energy, water, and carbon cycles during the period
after the 1991 eruption of the Mount Pinatubo volcano.
The stratospheric aerosols produced by this volcano al-
tered the thermal-energy balance by an amount compa-
rable in magnitude to the perturbation that will be caused
by doubling of atmospheric carbon dioxide. Pinatubo thus
provides an excellent opportunity to test our understand-
ing of the sensitivity of these global cycles to a global,
albeit short-term, forcing. Observational evidence exists
for changes of global and continental temperatures, in at-
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mospheric carbon dioxide and methane abundances, and
patterns of precipitation. We are involved in both devel-
opment of data sets to document these changes and mod-
eling studies to interpret the changes.

Use of Satellite Data

Understanding of climate change can be achieved only if
the major global climate forcings and radiative feedbacks
are monitored with adequate precision, which accounts
for special dependence of our studies on data from sev-
eral EOS instruments. ACRIM Il and SOLSTICE will
provide data essential to determination of the role of so-
lar variability in global climate change. SAGE Il will
provide data on climate forcings due to changes of strato-
spheric aerosols, water vapor, and ozone. EOSP will mea-
sure tropospheric aerosols, the most uncertain of all an-
thropogenic climate forcings.

Measurements of long-term changes of cloud prop-
erties induced by aerosols and other anthropogenic ef-
fects represent a great challenge because of the needed
precision and diurnal sampling. The Earth Science Enter-
prise is expected to provide the possibility for these mea-
surements through small Earth Probe satellites.

The most fundamental diagnostics for our climate
analyses are precise changes of temperature in the atmo-
sphere, on the surface, and in the ocean, along with the
planetary radiation balance. Thus we rely on AMSU and
MHS data from operational satellites and EOS, as well as
radiosonde and meteorological station measurements.
Ocean temperatures are provided by ships and buoys;
acoustic tomography may provide information on future
trends of internal ocean temperatures over large regions.
CERES on EOS provides monitoring of the planetary ra-
diation balance, and, in combination with MODIS and
other EOS instruments, will allow comprehensive analy-
ses of cloud processes.

Participation in Field Programs

The greatest uncertainty in global climate forcings is the
poor knowledge of changes in anthropogenic aerosols in
the troposphere. Because of the great difficulty in mea-
suring aerosol properties with sufficient accuracy from
space, we have helped organize a proposed international
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network of sun photometers, with the principal objective
being measurement of aerosol changes. This proposed
effort would involve students centrally in the data collec-
tion and analysis, thus contributing to science education
as well as environmental studies.

Principal Investigator
James E. Hansen

James Hansen heads the Goddard Institute for Space Stud-

ies (GISS). A student of Astronomy and Physics (Ph.D.
from the University of lowa, 1967), he has focused his
research primarily on radiative transfer in planetary at-
mospheres and related interpretation of remote soundings,
development of simplified climate models and three-di-
mensional global models, and the study of climate mecha-
nisms. In addition to his research and administrative du-
ties at GISS, he serves as Adjunct Professor at Columbia
University.

Co-Investigators

James K.B. Bishopl-awrence Berkeley National Labo-
ratory

Inez Y. Fung University of California-Berkeley
Michael J. PratherUniversity of California-Irvine

Peter H. Stone Massachusetts Institute of Technology

The following are from the NASA/Goddard Institute for
Space Studies:

Barbara E. Carlson
Anthony Del Genio
Andrew A. Lacis
Elaine Matthews
Ronald Miller
Michael Mishchenko
David H. Rind

Drew Shindell

Ina Tegen

William B. Rossow
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Climate Processes Over the Oceans

Principal Investigator — Dennis Hartmann

Science Background

The surface climate of Earth is strongly influenced by the
amount and distribution of water vapor, liquid water, and
ice suspended in the atmosphere. The response of water
vapor and clouds to a climate change is the single most
important feedback process determining the magnitude
of the climate change expected from forcings such as in-
creasing carbon dioxide in the atmosphere. The processes
that control water in the atmosphere are very complex
and extend across a wide range of spatial scales from the
few-centimeter scale of turbulence in the boundary layer
to the tens of thousands of kilometers that characterize
the scale of global atmospheric circulation systems. Seven-
tenths of the surface of Earth is covered with ocean, so
that the humidity and cloud structure of the global atmo-
sphere are largely determined by processes occurring in
oceanic areas. The climate over land areas is in substan-
tial measure determined by processes that occur over the
oceans.

Science Goals

The overall goal of this investigation is to achieve im-
proved modeling of the atmosphere and its interactions
with the ocean through use of new data from satellites as
well as through use of existing data. The intent is to ad-
dress the roles of circulation, clouds, radiation, water va-
por, and precipitation in climate change, and the role of
ocean-atmosphere interactions in the energy and water
cycles. This investigation is contributing to a comprehen-
sive understanding of climate and its natural variability,
and thereby to reduced uncertainty in predictions of fu-
ture climate changes.

Current Activities

Available satellite observations, in situ data, and global
assimilated-data sets, and a variety of models are being
used to construct an integrated view of atmospheric cli-
mate over the oceans and to improve understanding and
modeling of climate feedback processes. The physical pro-
cesses considered involve boundary-layer dynamics and
resulting fluxes, cloud-scale and mesoscale dynamics,
cloud physics, and global-scale circulations. Interactions
among clouds, water vapor, and radiation fluxes, and
among various scales of motion from small scale to plan-
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etary scale are incorporated. Important phenomena being
studied are described below:

< Boundary-layer fluxes of heat, momentum, and mois-
ture: The vertical exchanges of heat, moisture, and en-
ergy across the planetary boundary layer are critical to
both the oceanic state and the atmospheric state. These
fluxes are being studied with observations and models.

e Marine boundary-layer cloudd:ow clouds over the
ocean are extremely important for the energy balance
of Earth because they are abundant and reflect large
amounts of solar energy, but have only a small effect
on escaping longwave radiation. Albedos of low-level
clouds may be sensitive to sulfur aerosols produced by
humans. Long-term trends in low clouds and their rela-
tion to SST and other variables are being derived from
long records of surface observations. Efforts are un-
derway to improve the ability of global climate models
to simulate marine-boundary-layer clouds.

« Tropical convective cloud®eep convective clouds in
the tropics are the primary mechanism whereby solar
heating of the ocean is moved upward into the free tro-
posphere where it can be transported poleward and
eventually emitted to space. The spatial organization
and temporal development of convective systems and
their relation to large-scale conditions are being stud-
ied with data from geosynchronous satellites and glo-
bal meteorological analyses. Water-vapor data from
TOVS, GOES, and GMS are being used to study the
effect of deep convection and associated large-scale
circulations on the moisture budget of the upper tropo-
sphere of the tropics. Explicit simulations with regional-
scale models are being compared with observations to
understand the relationships between convective cloud
properties and large-scale climate.

< Midlatitude synoptic system¥hese systems produce

most of the precipitation in midlatitudes, and the clouds
associated with them comprise a rich mixture of con-
vective, layered, and stratiform cloud structures, which
have important effects on the energy and water balances
in midlatitudes. Synoptic storms in midlatitudes are re-
sponsible for extreme modifications of the planetary
boundary layer and intense interactions with the ocean,
which are being studied with scatterometer data.
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Use of Satellite Data

Models of the boundary layer are being combined with
information from satellites such as ERS-1&2, SSM/I mi-
crowave measurements, global weather analyses, and in
situ measurements to estimate surface fluxes and to un-
derstand their relationship to atmospheric and oceanic
phenomena. Information about surface wind speed from
SeaWinds, combined with temperature and humidity data
from AIRS/AMSU/HSB and AMSR-E will enable much-
improved understanding and better estimates of surface
fluxes to be gained from EOS satellites. High temporal
and spatial resolution information on convective cloud
systems and upper-tropospheric water vapor from GOES,
GMS, and Meteosat are being used extensively. More-
detailed global data on cloud abundance, structure, and
optical properties can be derived from instruments such
as MODIS, CERES, and MISR within EOS. Improved
data on the abundance of tropospheric aerosols that may
affect the radiation balance and influence cloud proper-
ties will be provided by EOSP and MISR, also on EOS.
MLS and GLAS will provide unique information on up-
per-tropospheric water vapor and thin cirrus cloud decks,
respectively.

Participation in Field Programs

The investigators are involved in a number of field pro-
grams that are closely related to the goals of this investi-
gation, such as TOGA/COARE, Atlantic Stratocumulus
Transition Experiment (ASTEX), TRMM surface vali-
dation, NSCAT ADEOS, QuikSCAT and SeaWinds vali-
dation and Pan American Climate Studies (PACS).

Principal Investigator
Dennis L. Hartmann

Professor Hartmann received his Ph.D. in Geophysical
Fluid Dynamics from Princeton University in 1975. He
joined the faculty of the Department of Atmospheric Sci-
ences at the University of Washington in 1977, and has
been an adjunct faculty member of the Quaternary Re-
search Center since 1978. His main research interests are
in stratospheric ozone, global climate, large-scale dynam-
ics, and the radiative energy balance of Earth. He has pub-
lished over 80 research papers on these topics and has
authored a textbook about global climate. Hartmann
served as a Principal Investigator in the Earth Radiation
Budget Experiment (ERBE) and the Airborne Antarctic
Ozone Experiment (AAOE), for which he received NASA
Group Achievement Awards. He is a Fellow of the Ameri-
can Meteorological Society and the American Associa-
tion for the Advancement of Science and serves on nu-
merous national and international service and advisory
bodies.
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Evaluation of Marine Productivity in the
Tropical Pacific and Atlantic Oceans Using
Satellite Ocean Color and Numerical Models

Principal Investigator — Eileen Hofmann

Science Background

The tropical ocean plays a major role in global-scale physi-
cal (oceanographic and meteorological) and biological
processes. Variability in the equatorial ocean is dominated
on interannual time scales in the Pacific and on seasonal
time scales in the Atlantic. However, because of the diffi-
culty in making routine measurements in the great ex-
panses of the tropical ocean, spatial and temporal vari-
ability in these regions is difficult to monitor and moni-
toring is possible only by using extensive mooring arrays
and satellites. Several programs have occurred and are
ongoing to obtain physical data measurements in the tropi-
cal oceans. However, similar programs designed to col-
lect biological data are not scheduled in the near future
and thus the primary source of new biological informa-
tion for these regions will be ocean color sensors, such as
SeaWiFS and MODIS. Analyses and understanding of
these data require inclusion of information from the physi-
cal and biological environments. Data-assimilative nu-
merical models that include circulation, ecosystem, and
optical components offer one approach for doing this.

Science Goals

Our research program focuses on four general topics of
investigation in the tropical Pacific and Atlantic Oceans:

1) Interactions between physical and biological pro-
cesses;

2) Evaluations of primary, new, and export production;

3) Diagnostic and predictive coupled physical-biologi-
cal models; and

4) Data-assimilation techniques for model prediction skill
and ecosystem parameter estimation.

The first two objectives will be addressed through analy-
sis of ocean-color data. The latter two will be addressed
through numerical modeling.

Specific research objectives are related to quantify-
ing the contribution of high-frequency physical events to
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nutrient, iron, and carbon fluxes in the equatorial Pacific,
understanding variability in the western, central, and east-
ern Pacific Ocean and ecosystem that occurs in response
to El Nifio conditions, and determining the correspondence
between satellite- and model-derived estimates of primary
production in the tropical oceans.

Current Activities

A part of our current effort is directed at developing the
data-analysis tools that will provide the ocean-color and
other fields needed for the models. Concurrently, we are
developing circulation and ecosystem models that can be
used to understand processes affecting ocean-color dis-
tributions in the Tropical Pacific Ocean. Much progress
has been made on the development of a coupled mixed-
layer and bio-optical model, and a model of the lower
trophic levels (nutrients, phytoplankton, and zooplank-
ton). The ecosystem model includes dependencies of phy-
toplankton growth on light, temperature, and iron avail-
ability. A separate modeling effort is focused on under-
standing the role ofrichodesiunspp. in nutrient fluxes

in tropical Pacific waters. These models will eventually
be embedded in a three-dimensional circulation model
for the Tropical Pacific Ocean.

Participation in Field Activities

This study will make considerable use of ocean-color
measurements from the SeaWiFS sensor. These data will
be processed using SeaDAS (Fu et al., 1996) to reveal
trends in the distributions and to determine correlations
with other geophysical data such as sea-surface tempera-
ture. The goal of this portion of our research is to provide
ocean-color distributions that can be used for initializa-
tion, calibration, and verification of data-assimilative eco-
system models.

Other satellite-derived data sets, such as sea-surface
temperature (from AVHRR) and surface wind and height
fields (from TOPEX and SeaWinds) will be used with the
circulation models in a data-assimilative mode. These data
will be combined with a variety of in situ oceanographic
and meteorological measurements.
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Use of Satellite Data

Our project is focused on data analysis and modeling ac-
tivities, and, consequently, there is no explicit field pro-
gram associated with our study. However, we make ex-
tensive use of field measurements, especially those ob-
tained from the TOGA/TAO mooring array and those from
the U.S. JGOFS Equatorial Pacific (EqPac) study.

Principal Investigator
Eileen Hofman

Eileen Hofmann received her Ph.D. in Marine Sciences
and Engineering from North Carolina State University,
after which she spent time at Florida State University and
Texas A&M University and then moved to Old Domin-
ion University in 1989, where she is presently a Profes-
sor of Oceanography. Her research interests are in the ar-
eas of descriptive physical oceanography and mathemati-
cal modeling of physical-biological interactions in ma-
rine food webs. She is presently a member of the U.S.
and International Science Steering Committees for the
Global Ocean Ecosystem Dynamics (GLOBEC) Program,
and is Chair of the GLOBEC Southern Ocean Planning
Group.
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Characterizing Aerosol Forcing Over the

Atlantic Basin

Principal Investigator — Brent Holben

Science Background

A major scientific activity of the aerosol community is to
develop an improved understanding of the local and re-
gional climatic impact of aerosol. Aerosol particles are
believed to be the major cause for observations of a smaller
than expected warming of the Earth-atmosphere-system
due to greenhouse-gas increases. The impact of aerosol
on the energy balance (and radiative transfer processes)
in the Earth’s atmosphere is expressed by a forcing, which
captures the difference between aerosol-included and aero-
sol-free scenarios. The uncertainty of this forcing for (not
just anthropogenic) aerosol is considerable. Many indi-
vidual efforts to investigate aerosol properties and/or their
impact on radiative-transfer processes have been pursued,
yet a coordinated effort to link individual contributions
into a common picture has been missing for historic as
well as follow-on measurement systems. Such coordina-
tion for improved predictions of aerosol radiative forcing

is our major objective.

Science Goals

The main objective of the proposed research is to charac-
terize the local and regional radiative forcing from indus-
trial/urban aerosol (mainly sulfates), Saharan dust, and
aerosol from biomass burning transported over extensive
regions of the Atlantic basin from the nearby continents.
This objective will be achieved by a synergism between
several tools: a comprehensive database of aerosol spec-
tral optical thickness and size distribution derived from
ongoing ground-based in situ and remote-sensing aero-
sol measurements currently operational in the Atlantic and
adjacent continents; satellite data; transport models; and
GCM models. By using these tools to characterize the
aerosol physical and chemical characteristics, we plan to
develop a climatology of the aerosol dynamic properties
for these aerosol types, to test approaches for character-
ization of aerosols and their radiative forcing from satel-
lites on present platforms and on future EOS platforms,
and to develop and verify models for the aerosol evolu-
tion and transport and the effect of aerosols on climate.
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Current Activities

To characterize the global aerosol variability in terms of
concentration and properties and estimate its impact on
climate, an integrated approach is applied, which includes
accurate spectral satellite data, detailed ground-based re-
mote-sensing and in situ measurements, and an applica-
tion of the current knowledge in global circulation and
regional transport models including aerosol chemistry. Our
initial work focuses on the Atlantic rim regions, where
repeated short-term field experiments geared towards par-
ticular aerosol types and long-term monitoring of aerosol
chemistry and aerosol-related sunlight attenuation from
individual ground locations provide a database of aerosol
ground observations. After careful intercomparisons of
redundant measurements these data are used to update
aerosol databases, to validate satellite-based aerosol prod-
ucts (which are used for global monitoring), to validate
(chemical) transport model results (initialized by aerosol
sources), and to simulate the associated aerosol forcing
(including impacts from uncertainties due to models, aero-
sol properties, surface reflectance, and the presence of
clouds).

Use of Satellite Data

This investigation will incorporate a number of data prod-
ucts from EOS instruments and other satellites to more-
precisely characterize aerosol source strengths for mod-
eling radiative forcing, the temporal and spatial extent of
aerosol optical properties, and evaluating the model out-
put. This effort will build on the long-term record from
existing systems such as TOMS, AVHRR, GOES, and
METEQOSAT, and provide an interface with new more-
accurate aerosol data products from SeaWiFS, MODIS,
MISR, and CERES.

Participation in Field Programs

The IDS team has heavily participated in ACE-2,
TARFOX, SCAR-B, and BOREAS, as well as smaller
campaigns relating to aerosol and cloud optical proper-
ties. Because of the great diversity of aerosol types, dis-
tributions, and short lifetimes, team members anticipate
extensive field programs in regions of biomass burning
(SAFARI-2000, LBA-CLAIRE), Desert Dust (ACE-3),
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and urban marine mixtures (INDOEX) to name a few. Hank Margolis -CRBF Abitbi-Price
This research by a highly interdisciplinary team with ex-
pertise in ground and satellite observations, and model-
ing provides a unique opportunity to combine data mea-
surements from diverse sources with global-modelingre-  Geary K. SchwemmerNASA/Goddard Space Flight
sources. Center
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Principal Investigator Darold Ward -U.S. Department of Agriculture
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riety of globally distributed aerosol regimes.
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Assessing the Impact of Expanding Urban

Land Use on Agricultural

Productivity Using

Remote Sensing Data and Physically Based

Soil Productivity Models

Principal Investigator — Marc Lee Imhoff

Science Background

This project is intended to develop the tools and models
for mapping the extent of urbanization and to assess the
impact of this process on the Earth’s biosphere and for
making recommendations concerning the future food se-
curity of the human race. As more land is converted to
urban uses, the question arises as to whether or not this
represents a systematic reduction in our ability to pro-
duce food by placing our infrastructure on the most pro-
ductive soil resources. Given present demographic trends,
it is important that these land-use issues be resolved, as a
rapidly growing number of regional populations are at
risk with respect to socio-political and economic insta-
bilities and their consequent effects on the food supply.
Currently, both the magnitude and the potential effects of
urban land transformation are hotly debated due to diffi-
culties in making accurate measurements of the area of
urban land use and assessing the impact of these changes
on agricultural land area or production. The project will
use satellite data from various sources to map the extent
and location of human habitation. Natural resource, cen-
sus, and agronomic data will be acquired, digitized, and
co-registered to the satellite data in a geographic infor-
mation system (GIS) for analysis and model development.

Science Goal

The goal of this investigation is to first understand and
then predict the effect of urban land transformation on
the Earth’s primary productivity and translate that under-
standing into meaningful applications in global climate-
change and food-security studies. We will seek to improve
our understanding of the Earth’s soils as a supporting
matrix for photosynthesis and agricultural production at
regional and global scales. We will develop techniques
for determining the full extent of urbanization and relate
the urban land transformation process to demographic
data. Finally, we will improve our knowledge of how ur-
banization affects soil resources by calculating the im-
pacts directly as a function of the transformed area of fer-
tility-rated soils.
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Current Activities

Within the context of global food security, this group has
determined three key regions of focus: The United States
and Mexico, Egypt and the Middle-East, and China. These
focus areas were selected for their significance in terms
of agricultural production, population, and strategic im-
portance. Satellite data, soils maps, and demographic data
for these regions are being collected and local investiga-
tors for the international components are being contacted.
In order to develop the methodologies for mapping hu-
man habitation and making the impact assessment, this
group has conducted a test in the United States using night-
time satellite-image data from the Department of Defense,
digital soils maps from the United Nations Food and Ag-
riculture Organization, and U.S. Census data. A prelimi-
nary assessment was made evaluating the urban mapping
methods and the amount and quality of soils being urban-
ized in the US.

Use of Satellite Data

The project will make use of a wide variety of EOS and
non-EOS satellite data. The primary satellite data set will
be the Defense Meteorological Satellite Program’s Op-
erational Linescan System (DMSP/OLS), which acquires
visible and NIR images of the Earth at night. DMSP/OLS
detects urban areas and other sites of significant human
activity by their lights. The accuracy of these data for ur-
ban mapping will be enhanced and evaluated using
Landsat ETM+ and MODIS data. Land-cover, climate,
and other satellite-derived data sets from other EOS in-
vestigators will also be used to help develop the soil-fer-
tility rating system.

Participation in Field Programs

This team will participate in field data programs, but in a
way not usually seen in past EOS investigations. Our pri-
mary focus will be on urban and peri-urban areas and the
assessment and evaluation of the nature of the transfor-
mation of the soil. We will concentrate on soil physical
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properties of both transformed and non-urbanized soils
and their surface area in order to gauge the impact of the
transformation.

Principal Investigator
Marc L. Imhoff

Marc Imhoff is a graduate of the Pennsylvania State Uni-
versity, received a Ph.D. from Stanford University, and is
currently based at NASA's Goddard Space Flight Center,
Biospheric Sciences Branch. He has been extensively in-
volved in international remote sensing and science projects
serving as a principal investigator on studies designed to
map monsoon flooding and forest biomass in Bangladesh
and wildlife habitats in Australia using a variety of re-
motely sensed imagery.

Co-Investigators

Christopher Elvidge NOAA/NGDC

William T. Lawrence Bowie State University

Gary W. PetersenFhe Pennsylvania State University

Sharon Waltman National Soil Survey Center, USDA/
NRCS
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DMSP Urban Map (SITUP)

Raled Soils (UN/FAD)

Shown above is a satellite-derived “city lights” map of urbanized area for the United States being overlain on the United Nations Food and
Agriculture Organization’s Digital Soils Map. The urban map was generated directly from DMSP/OLS imagery using a technique, developed
by this project, called Spatial Integrity Thresholding of Urban Polygons (SITUPS). The thresholding technique created an urban map which
compared very well with U.S. Census estimates of urbanized area in the U.S. The soils data are rated according to the number of physical
factors present in the soil that limit agricultural production. Results of this work showed, undeniably, that many of our best agricultural soils

are being lost to urbanization.
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Soil Moisture Mapping at Satellite Temporal

and Spatial Scales

Principal Investigator - Thomas J. Jackson

Science Background

There has been a significant growth in the recognition of
the importance of soil-moisture information in large scale
hydrology and climate modeling. Recent publications
have made the analogy that soil moisture may have the
same role in land hydrology that sea-surface temperature
(i.e., El Nifio) plays in climate, providing a seasonal
memory for the system. There is a need to reevaluate the
role that the Earth Science Enterprise (ESE) can play in
providing measurements of soil moisture. There are po-
tential satellite observing systems that could be imple-
mented. However, there are still some important ques-
tions that need to be answered. Unfortunately, there are
only sparse soil-moisture data sets that could in any way
represent the types of observations that a satellite observ-
ing system might provide. The limited data available, such
as Washita'92 (http://hydrolab.arsusda.gov/washita92/
wash92.htm), have produced remarkable results and in-
sights.

Science Goals

This investigation addresses remote sensing and the scales
of temporal and spatial observation of surface soil mois-
ture. Specific objectives are: 1) establish that higher reso-
lution soil-moisture brightness-temperature algorithms de-
veloped using truck and aircraft sensors can be extended
to the coarser resolutions expected from satellite plat-
forms, 2) examine the spatial and temporal dynamics of
surface soil moisture at an order of magnitude greater than
previous investigations, and 3) develop a database for soil-
moisture hydrology and land-atmosphere-interaction in-
vestigations. The results of this research are expected to
establish the validity of current soil-moisture estimation
algorithms at spatial scales typical of projected satellite
systems, provide insights for the design of an observing
system with regard to temporal features, explore the inte-
gration of ground-based and remote observing systems,
and provide a unique data set to the large-scale hydrol-
ogy and climate-modeling research community.

Current Activities

The core of this investigation is a large-scale aircraft soil-
moisture mapping experiment, the Southern Great Plains
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1997 (SGP97) Hydrology Experiment, conducted over a
one-month period in the summer of 1997. Surface soil
moisture was mapped over an area of ~10,000 (am
order of magnitude larger than previously observed) of
Oklahoma at a spatial resolution compatible with known
data-interpretation algorithms (~1 km). The resulting da-
tabase will allow the scaling up to projected satellite-sized
footprints (~10 km) and cover an area large enough to
provide nearly 100 of these satellite-sized pixels. These
data will allow the examination of the information con-
tent of coarse-resolution data as well as the analysis of
the spatial distribution over climate/atmospheric model
scales. Convective fronts and local feedbacks may be ob-
servable at these scales.

Data were collected using an L band passive micro-
wave mapping instrument called ESTAR, which was
flown on a NASA P-3 aircraft. In addition to the L band
system, other ground, aircraft, and satellite measurements
were obtained concurrently. This comprehensive database
is currently being assembled and will be a valuable con-
tribution to a broad range of science investigations, in-
cluding other ESE studies. The L band ESTAR data pro-
cessing is complete and soil-moisture maps have been
developed. Distinct spatial structure is quite apparent in
the results. Some of this is a function of rainfall events,
and some is related to soil and vegetation features.

Use of Satellite Data

Soil-moisture sensing requires long-wavelength micro-
wave sensors. Within the current EOS program the long-
est wavelength sensor is the C band instrument that will
be part of the Advanced Microwave Scanning Radiom-
eter (AMSR-E). A similar instrument will be part of the
Japanese ADEOS-II. Current research utilizes a wide va-
riety of satellite data. Microwave sensors on the Russian
MIR platform were used in the 1997 experiments. All
existing radar satellites (Radarsat, JERS, and ERS) ac-
quired data as part of SGP97 and data are being analyzed.
SSMI/I, Landsat, and NOAA AVHRR data are also im-
portant components of the research. In the next phase of
research, data from the TRMM Microwave Imager will
be utilized.
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Participation in Field Programs

As noted, a major focus of this project revolves around
field projects. The Southern Great Plains 1997 (SGP97)
Hydrology Experiment provided a focal point for a num-
ber of collaborative EOS ESE investigations. Motivated
by wide-spread interest among hydrologists, meteorolo-
gists, soil scientists, and ecologists, in the problems of
estimating soil moisture at the continental scale and cou-
pling between land surface and atmosphere the original
soil-moisture experiment was broadened significantly.
SGP97 was successfully completed and data analyses are
currently underway. This work will provide a foundation
for future satellite sensors and calibration/validation pro-
grams for soil moisture algorithms. A field program has
been initiated to develop and calibrate soil-moisture al-
gorithms for the AMSR instruments that will be part of
the EOS-PM and ADEOS-II satellites. This effort will
start in the summer of 1999 and continue through the
launch of the instruments.

Principal Investigator
Thomas J. Jackson

Thomas J. Jackson obtained a Ph.D. in Civil Engineering
from the University of Maryland in 1976. He has been a
hydrologist with the USDA Agricultural Research Ser-
vice Hydrology Lab since 1977. His research involves
the application and development of remote-sensing tech-
nology in hydrology and agriculture. He has conducted
research on the use of visible/near-infrared satellite data
for deriving land-cover parameters used in hydrologic
models and the use of an airborne laser profiler for mea-
suring and monitoring soil erosion. The results of the la-
ser-profiling research led to a paper titled “Airborne La-
ser Measurements of the Surface Topography of Simu-
lated Concentrated Flow Gullies,” (1990) that received
the “paper of the year” award by the American Society of
Agricultural Engineers. His current research focuses on
the use of passive-microwave techniques in hydrology. A
recent paper titled “Diurnal observations of surface soil
moisture using passive microwave radiometers” was se-
lected as the prize paper at the International Geoscience
and Remote Sensing Symposium for 1994. He is also a
member of the Japanese AMSR Science Team. He is a
member of AGU and IEEE and currently serves on the
Administrative Committee of The Geosciences and Re-
mote Sensing Society.
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Investigation of the Coupling Between
Tropospheric Ozone, Sulfate Aerosols, and
Climate Using a General Circulation Model

Principal Investigator — Daniel J. Jacob

Science Background

The radiative forcings associated with anthropogenic per-
turbations to tropospheric 0zone and sulfate aerosols could
have important climatic effects. Ozone and sulfate are pro-
duced in the troposphere by chemical reactions involving
precursors emitted by both anthropogenic and natural
sources. They have relatively short atmospheric lifetimes
and hence inhomogeneous atmospheric distributions. Es-
timates of the global mean radiative forcing at the tropo-
pause due to changes in tropospheric ozone from pre-in-
dustrial times to today range from 0.2 to 0.6 \W, ras
compared to 1.6 W thfor CO,. For sulfate aerosols, the
forcing is estimated to range from -0.3 to -3.0 . imhe
actual forcings from tropospheric ozone and aerosols are
regionally variable, and can be greatly affected by corre-
lations with meteorological variables (e.g., humidity, cloud
cover, temperature), adding considerable complexity to
an assessment of climatic impact. The concentrations and
distributions of ozone and sulfate are also sensitive to
changes in climate, resulting in intricate feedbacks. Re-
lating the emissions of ozone and sulfate precursors to
their ultimate climatic effects requires a global climate
model that includes coupled, consistent, and realistic rep-
resentations of ozone and sulfate aerosols.

Science Goal
Our work is motivated by five central questions:

1) What are the climatic effects of changes in the emis-
sions of tropospheric 0zone precursors?

2) How does tropospheric ozone respond to climate
change and what are the feedbacks on climate?

3) What are the climatic effects of changes in the emis-
sions of sulfate precursors?

4) How do sulfate aerosols respond to climate change,
and what are the feedbacks on climate?

5) What are the couplings between the climatic effects
of tropospheric ozone and sulfate aerosols?
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Our approach to these questions is to incorporate process-
based simulations of tropospheric ozone and sulfate aero-
sols into a new generation NASA/GISS general circula-
tion model (GCM 27) and into a chemical tracer model
(CTM) driven by assimilated meteorological data from
the Goddard Earth Observing System Data Assimilation
System (GEOS-DAS). The same modules for emissions,
chemistry, deposition, and aerosol processes are imple-
mented in the GISS GCM and in the GEOS CTM. We
use the GCM to study the radiative and climatic effects
of changes in tropospheric ozone and sulfate aerosols from
pre-industrial times to today and into the future. At the
same time, we use the GCM and the GEOS CTM to im-
prove our understanding of the processes controlling tro-
pospheric ozone and sulfate through detailed compari-
sons of model results with observations. Simulations with
the GEOS CTM focus on specific field programs, afford-
ing better constraints for model evaluation.

Current Activities

We have incorporated on-line simulations of tropospheric
ozone chemistry and sulfate aerosols into the GISS GCM
2, and conducted extensive evaluations of model results
with climatological observations. We have used these
simulations to calculate radiative forcings from ozone and
sulfate aerosols over the past century, focusing on the fac-
tors that drive the heterogeneity in the forcings. We have
compared on-line and off-line calculations of the radia-
tive forcings and interpreted the differences between the
two in terms of synoptic-scale correlations of ozone and
aerosols with clouds. We have implemented on-line simu-
lations of ammonia and sulfate-nitrate-ammonium-water
thermodynamics in the GCM and evaluated results with
observations; this simulation has allowed us to obtain a
better understanding of the composition and water con-
tent of aerosols in different regions of the troposphere,
and of the radiative implications. Publications on all these
studies are available through our web site.

Our current work involves further development and
application of our capability for coupled chemistry-aero-
sol-climate GCM simulations. Specific tasks for the year
ahead include: 1) addition of aerosol types other than sul-
fate, and resolution of the aerosol size distribution; 2) in-
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vestigation of the indirect radiative effect driven by aero-
sol influence on cloud microphysics; 3) merging of the
ozone and sulfate-nitrate-ammonium simulations for study
of chemistry-aerosol coupling; 4) investigation of climate
forcing due to changes in tropospheric ozone from
preindustrial to present; 5) investigation of ozone chem-
istry in preindustrial and future atmospheres; and 6) de-
velopment of an on-line tropospheric chemistry simula-
tion capability in the high-resolution (23-layer) version
of the GISS GCM 2.

In parallel to our GCM work, we have also devel-
oped capabilities for simulation of tropospheric ozone and
sulfate aerosol in the GEOS CTM driven by assimilated
meteorological observations. The sulfate model has been
applied to simulations of the ACE-1, PEM-West Aand B,
and PEM-Tropics A aircraft campaigns. Results from these
simulations have led to improved modeling of the corre-
sponding processes in the GISS GCM, notably the oce-
anic emission of sulfur. The ozone model is presently
being applied to a simulation of the PEM-West B cam-
paign.

Our investigation interacts closely with space-based
observations, both in terms of using the observations to
test our models and in terms of using our model analyses
to guide the design of the next generation of satellite mea-
surements. We plan to make particular use of SAGE llI
for upper tropospheric and lower stratospheric ozone,
MOPITT for CO, and the CHEM instrument ensemble
for ozone and related species. In addition we plan to ex-
amine ERBE, CERES, and AIRS observations of radia-
tion at the top of the atmosphere for ozone and aerosol
effects.

Use of Satellite Data

Detailed evaluation with observations will be essential
for assessing the capabilities of our chemistry-aerosol-
climate models. Space-based data to be used for this pur-
pose include SAGE Il for upper tropospheric ozone;
TOMS and SAGE Il for tropospheric ozone residuals;
and MAPS and MOPITT for CO. In addition, ERBE and
CERES satellite observations of radiation at the top of
the atmosphere will be examined for ozone and aerosol
effects.

Participation in Field Activities

We have applied our ozone and sulfate models based on
the GEOS CTM to simulation of the ACE-1, PEM-West
Aand B, and PEM-Tropics A aircraft campaigns. We plan
over the next few years to apply these models to simula-
tion of the SONEX aircraft campaign over the North At-
lantic and the PEM-Tropics B aircraft campaign over the
South Pacific. These campaigns include concurrent mea-
surements of a large suite of chemical species over a large
spatial domain and are thus particularly well-suited for
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testing a global model driven by assimilated meteorologi-
cal observations. Results from these simulations will be
used on an ongoing basis to improve the descriptions of
ozone and sulfur chemistry in the GISS GCM.

Principal Investigator
Daniel J. Jacob

Daniel J. Jacob is the Gordon McKay Professor of Atmo-
spheric Chemistry and Environmental Engineering at
Harvard University. He holds degrees in Chemical and
Environmental Engineering (Ph.D., California Institute
of Technology, 1985). His research focuses on improving
knowledge of the chemistry of the troposphere and ad-
dresses problems ranging from urban air pollution to glo-
bal environmental change. He contributes to several EOS
committees and has chaired two recent NASA workshops
on atmospheric chemistry measurements from space. He
is Mission Scientist of the Pacific Exploratory Mission-
Tropics aircraft campaigns and is a recipient of the AGU
Macelwane Medal (1994).

Co-Investigators

Mian Chin -NASA/Goddard Space Flight Center

Dorothy M. Koch -NASA/Goddard Institute of Space
Studies

Jennifer A. Logan Harvard University

Michael J. PratherUniversity of California at Irvine
David Rind -NASA/Goddard Institute of Space Studies
John H. Seinfeld €alifornia Institute of Technology

Anne M. Thompson NASA/Goddard Space Flight Cen-
ter
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A Study of Carbon Monoxide Using Trace
Constituent Data Assimilation: A New
Approach in Global Tropospheric Chemistry

Analysis

Principal Investigator — Prasad Kasibhatla

Science Background

The global biogeochemical cycles of a number of trace
gases depend critically on their chemical processing in
the troposphere. In this context, the hydroxyl radical (OH)
is the key species in determining the chemical processing
potential of the troposphere. The tropospheric OH con-
centration depends non-linearly on the local concentra-
tions of CO, nonmethane hydrocarbons, and nitrogen
oxides. The tropospheric distribution of these compounds
in turn is quite variable owing to the heterogeneous spa-
tial and temporal distribution of their sources, as well as
due to their relatively short lifetime (days to months) in
the troposphere.

In this investigation we focus on CO, which is the
largest sink of OH in the troposphere. In recent years,
infrared absorption measurements from space have of-
fered the promise of providing a global picture of the CO
distribution (Reichle et al. 1986; Reichle et al. 1990) and
of shedding light on the various processes that shape this
distribution (Newell et al. 1988; Connors et al. 1989;
Watson et al. 1990). More recently, a sophisticated three-
dimensional chemical transport model driven using as-
similated meteorological fields for specific time periods
has been used to analyze certain aspects of the global CO
distribution (Allen et al. 1996). However, there has been
no attempt to combine model results with CO measure-
ments in a systematic manner.

This investigation is directed towards developing and
applying trace-constituent data-assimilation techniques to
systematically analyze space-based, airborne, and ground-
based tropospheric CO measurements. Specifically, we
will develop and apply an improved version of the NASA
GSFC/DAO CO chemical transport model (CTM, Allen
et al. 1996) in this investigation. In addition to being di-
rectly applicable to analyzing CO measurements from the
MOPITT instrument, it is anticipated that the techniques
developed as part of this project will be also be useful for
interpreting future measurements of other tropospheric
species from the TES instrument.
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Science Goals

The scientific goals of this investigation are to: 1) de-
velop methodologies to synthesize results from numeri-
cal chemical transport models with in situ and remote
trace-gas measurements; 2) develop a comprehensive pic-
ture of the spatial CO distribution and temporal variabil-
ity in the troposphere; and 3) elucidate the factors that are
responsible for shaping the tropospheric CO distribution.

Current Activities

Major modifications have been made to the NASA GSFC/
DAO CO chemical transport model to incorporate inter-
active CO-OH chemistry. This represents a significant
advance over the original formulation, in which prescribed
OH fields were used and no feedback was allowed be
tween modeled CO and OH fields. The modifications in-
volved incorporating a parameterized tropospheric OH
calculation scheme into the CTM. In addition, other data
sets required for the parameterized chemical calculations
were acquired and processed for use in the CTM. These
include global distributions of nitrogen oxides, ozone,
water vapor, and total-column ozone, global climatologies
of low-, middle-, and high-level cloud frequencies, and
global albedo and land/ocean data.

The fossil-fuel combustion emission inventory for
CO was updated based on an up-to-date emission inven-
tory. In this inventory, CO emission rates are calculated
using an energy database from the United Nations that
gives consumption statistics for the end use of each fuel
in 32 categories, along with emission factors for particu-
lar processes derived from EPA reports and the European
CONAIR inventory. CO production from the oxidation
of anthropogenic hydrocarbons, which was neglected in
the original formulation of the model, is included by scal-
ing the fossil-fuel CO source by a factor of 1.2. In addi-
tion, CO emissions from the burning of wood fuel and an
up-to-date inventory of biomass-burning CO emissions
will soon be incorporated into the CTM.

In parallel with the model development activities, the
compilation of a comprehensive global observational
dataset for CO has also been initiated. Preliminary data

Interdisciplinary Science Investigations « 233



files for sites in the Climate Monitoring and Diagnostics
Laboratory (CMDL) cooperative air-sampling network
and the in situ measurements from Pt. Barrow, AK, and
Mauna Loa, HI, have been prepared. In particular,
monthly-mean mixing ratios for 1994 at these surface sites
have been compiled. In addition, preliminary data files of
surface and airborne correlative CO measurements made
during the April and October 1994 MAPS missions have
been prepared. An important feature of these observation
data sets is that all measurements are referenced to the
NOAA/CMDL CO reference scale. We have also acquired
the April and October 1994 MAPS CO measurement data
files.

The CO distribution during the 1993-1994 time pe-
riod has been simulated using the updated model. Results
of these calculations have been compared to monthly mean
CO measurements at the NOAA/CMDL surface sites.
With a few exceptions, the updated model appears to cap-
ture the spatial and seasonal distribution of CO during
1994.

Further analysis is underway to identify the causes
of specific shortcomings in the model, and to evaluate
the model results against the airborne and MAPS CO mea-
surement data sets as well. It is anticipated that a simula-
tion with an updated biomass-burning source function will
be completed shortly. In addition, enhancements to the
model are being developed to characterize the budget of
CO in various regions of the globe.

Use of Satellite Data

Prior to the deployment of the EOS sensors, this project
involves the use of space-based CO measurements made
during the 1994 SRL-1 and SRL-2 space-shuttle flights.
Subsequent to the launch of the EOS Terra platform, model
results will be evaluated against tropospheric CO mea-
surements from MOPITT.

Principal Investigator
Prasad Kasibhatla

Prasad Kasibhatla received his undergraduate degree from
Bombay University and his M. S. and Ph.D degrees from
the University of Kentucky. He has 15 years of experi-
ence in regional and global tropospheric chemistry re-
search. He is particularly interested in the effects of an-
thropogenic emissions on atmospheric chemical compo-
sition. From 1988 to 1995, he was a research scientist at
the Georgia Institute of Technology. During this period
he was also a visiting scientist at NOAA/GFDL from 1988
to 1993, and at NASA/GSFC from 1994 to 1995. From
1995 to 1996 he was a research scientist at MCNC/Envi-
ronmental Programs. He is currently an assistant research
professor at Duke University, where he also teaches a
graduate-level course in atmospheric chemistry. In addi-
tion to his research and teaching responsibilities, he is
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currently serving as co-convener of the IGAC/Global In-
tegration and Modeling (GIM) Activity and is a member
of the organizing committee of the Fourth World Climate
Research Programme Workshop on Chemical Transport
Modeling. He has received a NASA Group Achievement
Award for his role as a member of the MAPS Science
Team.

Co-Investigators

Vickie S. Connors NASA/Langley Research Center
Jennifer A. Logan Harvard University

Richard Menard University of Maryland Baltimore
County/JCEST

Paul C. Novelli -NOAA/Climate Monitoring and Diag-
nostics Laboratory

Henry G. Reichle North Carolina State University
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Southern Ocean Seasonal Net Production
From Atmosphere and Ocean Data Sets

Principal Investigator — R. F. Keeling

Scientific Background

As it is not possible to directly observe many of the key
guantities needed for adequately understanding the bio-
geochemical cycling of materials on the Earth, it there-
fore is crucial to develop methods for estimating these
guantities from those we can observe. Specifically needed
are methods that improve our capability to extrapolate
local observations to the larger spatial scales. One of the
significant components that is under detailed study by the
Joint Global Ocean Flux Study (JGOFS) is the net photo-
synthesis of the oceanic photic zone and its relationship
to surface CQ@partial pressure and air-sea d0x. While
models and extrapolations of ocean total and net primary
production are available, there has been limited use of
global chemical data sets to constrain the estimates.
Over the past few years several large data sets have
been gathered by JGOFS and other programs for the pur-
pose of determining processes that control the partition-
ing of carbon in the ocean and exchanges between the
ocean and the atmosphere and for developing the capa-
bility to predict how changes in the environment will in-
fluence this partitioning (Sarmiento and Armstrong 1997).
Several of these data sets, including the JGOFS/WOCE
survey of ocean carbon concentrations (Takahashi et al.
1997), the climatology of seasonaj @riability in sur-
face waters (Najjar and Keeling 1997), observations of
variations in the atmospheric, ©@oncentration (Keeling
et al. 1996; Bender et al. 1996; Keeling et al. 1997), and
satellite observations of ocean color (Feldman et al. 1989),
provide unprecedented opportunities for characterizing
and interpreting chemical fluxes on large spatial scales.

Science Goals

An analysis of the relationships between the large-scale
chemical data sets, their relationship to ocean productiv-
ity, and linkages to the ultimate physical, biological, and
chemical controls on productivity is our primary objec-
tive. Our study will focus on using chemical budgets to
constrain productivity and carbon fluxes at middle and
high latitudes in the Southern Hemisphere. We choose to
focus on these regions because of their importance in con-
trolling exchanges with the deep ocean (Sarmiento and
Toggweiler 1984; Siegenthaler and Wenk 1984; Broecker
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1991), because the high degree of zonal symmetry in both
the ocean and the atmosphere presents a natural testbed
for models, and because the new data sets provide un-
precedented opportunities for improving flux estimates
in these regions.

The biological production and deep mixing of the

Southern Ocean lead to significant exchange ofvith
the atmosphere on seasonal time scales. These exchanges
are most graphically illustrated in the seasonal variations
in O, concentration that have been observed at surface
stations at middle and high latitudes of the southern hemi-
sphere (Keeling and Shertz 1992; Bender et al. 1996;
Keeling et al., 1998). The oceans tend to be a source in
the spring and summer months when light levels are higher
and the water column is well stratified, while they are a
net sink in the winter time. The changes in atmospheric
O, concentration are dispersed throughout the southern
hemisphere on time scales of week to months, although
the southern hemisphere as a whole remains largely iso-
lated from the northern hemisphere on these time scales
due to slow mixing across the intertropical convergence
zone (Keeling and Shertz 1992). Superimposed on these
biologically-mediated fluxes are additional, ®uxes
driven by temperature-induced changes in solubility in
the water. This thermal component is relatively small and
can be reasonably well estimated from the air-sea heat
flux allowing the larger biologically mediated component
to be computed from the total flux minus the thermal flux.
It is also possible that the biological component of the
flux may be closely associated with the net air-heat flux,
a possibility that was first suggested in Keeling et al.
(1993), and which will be exploited further in our stud-
ies.

The seasonal variations in atmospherjccOncen-
tration place constraints on the magnitude of net ingassing
and outgassing of QOwith the ocean on a seasonal time
scale. While the atmospheric data alone constrain the
magnitude of the air-sea fluxes only over large scales due
to atmospheric mixing, additional information on the pat-
terns of air-sea Pexchange are provided by the clima-
tology of dissolved @saturation in surface waters and
climatological estimates of the air-sea gas exchange ve-
locity (Keeling et al. 1997; Najjar and Keeling 1997). In
the Southern Ocean, where the @imatology suffers
from sparseness of observations, the resolution is effec-
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tively limited to seasonal time scales and zonal averages
over broad (~10°) latitude bands. Importantly, however,
the possibility exists of improving the,@lux climatol-

ogy based on more-recent surface-dissolvech€sure-
ments and by using the air-sea heat flux to extrapolate
into data-poor regions. Using heat fluxes for extrapola-
tion may be advantageous because the heat fluxes are
available in various forms with much higher spatial and
temporal resolution than the near-surface dissolved O
data.

The biological component of the,@ux is closely
linked to the net community production of organic car-
bon in the upper ocean (Keeling and Shertz 1992; Keel-
ing et al. 1993; Bender et al. 1996). We plan to use the
air-sea Q flux maps to derive estimates of community
production in the mixed layer by combining the fldix
data with additional data on the seasonal variations of O
in and below the mixed layer and with rates of vertical
transport. We expect to carry out this analysis with
monthly time resolution and with spatial resolution cor-
responding to zonally averaged bands with 5°-to-10° reso-
lution. Following this analysis, and taking advantage of
ongoing programs to document changes in atmospheric
O, concentration , radiative forcing, SST, and air-sea heat
flux, we will expand this analysis to examine patterns of
interannual variability of productivity, carbon, and oxy-
gen fluxes. The annual and interannual production and
flux fields which we derive will also facilitate collabora-
tive studies of the relationship between these quantities
and satellite observations of ocean color.

An additional application of our approach is testing
for consistency between surfacer@aps and surface maps
of CO, partial pressure (Takahashi et al. 1997). It was
shown in Keeling et al. (1993) that if there exists locally
a tight relationship between seasonal variations in oxy-
gen flux and heat flux, then there must also exist a tight
relationship between SST and surface-dissolved inorganic
carbon (which is closely related to €@ressure). We plan
to explore whether these relationships actually hold in
the real world using our £flux maps and the surface
inorganic carbon data sets (e.g., Takahashi et al. 1997) as
the basis for comparison. If the approach works well
enough, we can use the flux maps to provide improved
estimates of seasonal carbon variations in the ocean and
also to provide improved estimates of the net seasonal
air-sea CQflux.

Use of Satellite Data

We require surface wind and net air-sea heat-flux fields,
derived in part from satellite observations, to estimate sur-
face oxygen flux. More generally, our goal is to develop

data products that will facilitate collaborative studies of

ocean productivity based on ocean color.
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Current Activities

As a preliminary study of &carbon linkages, we are re-
examining the framework Keeling et al. (1993) for esti-
mating seasonal {fluxes using estimates of variations

of dissolved inorganic carbon in the water and heat flux.
We are exploring whether using the enlarged carbon data
sets from Takahashi et al. (1997), lead to more-success-
ful predictions of the variations in atmospherigu3ing

this framework. This will provide a very broad-scale check
of the level of consistency between ocean carbon and at-
mospheric oxygen data sets. We are also gathering to-
gether relevant global and southern hemisphere data sets
to begin exploratory studies of possible relationships be-
tween seasonallux and seasonal net air-sea heat flux.
These will then be used to derive improved estimates of
surface water @variations and air-sea,@ux in data-
sparse regions. These in turn will be used to provide esti-
mates for net community production. This project is still
in its beginning phases.
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The Hydrologic Cycle and Climatic Processes in
Arid and Semi-Arid Lands

Lead U.S. Investigator — Soroosh Sorooshian

Principal Investigator — Yann Kerr

International Co-Sponsor — France

Science Background

Remotely sensed and other kinds of EOS data will allow
scientists to monitor the changes in hydrologic fluxes
brought about by a variety of forcings. The integration of
such data with robust hydrologic models will make pos-
sible a better understanding of the processes that control
changes in hydrologic storages and fluxes. This knowl-
edge will allow scientists to better assess the role of the
hydrologic cycle in a global context and to predict the
effects of natural or human-induced climate change. Such
information is particularly critical in the southwestern U.S.
and Mexico, and in Sahelian Africa, where the quality of
life and agricultural productivity are especially sensitive
to changes in the hydrologic cycle and where space-based
remote sensing is particularly effective.

Science Goals

The major objective of this research is to monitor and
study the hydrological cycle and climatic processes in arid
and semi-arid areas with the use of EOS data applied to
temporally and spatially distributed models. This objec-
tive is addressed in terms of the following four major
goals:

1) Identify the dominant hydrologic processes and un-
derstand how they change as a function of time/space
scale in arid/semi-arid regions;

2) Develop a modeling framework that is capable of as-
similating remote-sensing data to capture the interac-
tions, at multiple spatial and temporal scales, between
land-surface characteristics, meteorologic conditions,
regional climate, and land-surface water and energy
fluxes and state variables in arid/semi-arid regions;

3) Assess, through process studies and modeling exer-
cises, the magnitudes of spatially and temporally dis-
tributed water and energy fluxes and state variables
and their interactions with surface characteristics and
regional climate in arid/semi-arid regions, particularly
in the Lower Colorado River basin; and

4) Demonstrate the utility of remote-sensing-enabled
models in regional/subregional water resources as-
sessment, particularly within the Lower Colorado
basin.
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Our strategy is to approach similar problems from
different time and space scales and at different levels of
model complexity in order to find the most robust and
accurate description of the hydrologic cycle across the
world’s vast arid/semi-arid regions.

Current Activities

Our research aims to significantly improve the human
ability to both monitor (measure) and simulate (model)
land-surface hydrologic processes across a range of spa-
tial and temporal scales. These parallel themes are both
critical to our success. One thrust is, therefore, to develop
algorithms that efficiently and accurately convert elec-
tromagnetic signals obtained from EOS (and other) sen-
sors into hydrologic parameters and variables. The paral-
lel thrust is to understand and model the way in which
fundamental hydrologic processes operate and how they
interact with each other.

Our activities include: calibration and validation of
optical, thermal, and microwave satellite data derived from
simultaneous ground/satellite measurements across highly
instrumented watersheds in the U.S., France, and the Sahel
region of Africa; aggregation and dis-aggregation of mod-
eled and observed variables at General Circulation Model
(GCM) scales; development of a distributed land-surface
model (LSM) of the hydrology and hydro-meteorology
in semi-arid regions for coupling with mesoscale and
GCM atmospheric circulation models; and multi-criteria
methods for calibration of land-surface models. These
activities are coordinated between two teams, one in
France and the other in the U.S.

The French Team seeks to quantify and monitor natu-
ral and anthropogenically induced changes in hydrologi-
cally relevant surface parameters at mesoscales. Work per-
formed to date has dealt mainly with investigating the
extraction of geophysical parameters from remotely
sensed data. First, sophisticated radiometric models are
developed that include various perturbing factors (atmo-
sphere, directional effects, canopy structure). After vali-
dation, these models are re-parameterized to derive more-
tractable and robust inversion algorithms, which are sub-
sequently validated using ground experiments. Similarly,
flux-assessment algorithms are being developed and tested
together with models of the scaling factors. In order to
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assess COfluxes, net primary production models are
being developed. They rely on vegetation-growth mod-
els and thus couple water and energy budgets with ge-
neric vegetation models under an assimilation scheme.
The U.S. team is focused on the understanding and
modeling of hydrologic processes at the sub-watershed,
watershed, basin, and regional scales. Satellite data are
used to derive distributed basin characteristics and the
inputs to water/energy simulation models. Progress to date
has included: multiple-scale studies of hydrologic vari-
ability, satellite validation, and the behavior of sparse
desert canopies; development of a semi-arid distributed
hydro-meteorology model which couples the SiB land-
surface scheme with the Regional Atmospheric Model-
ing System (RAMS) in a manner which facilitates the
assimilation of various types of remote-sensing data and
products; development of multi-criteria sensitivity-analy-
sis/parameter-estimation/model-evaluation methods that
show potential for significantly improving the perfor-
mance of LSMs; development of improved rainfall-esti-
mation algorithms that incorporate TRMM satellite data;
and development and initial testing of an improved snow
model for coupling with regional climate/weather mod-
els, LSMs, and GCMs. In addition, members of our team
have conducted and participated in several experiments
aimed at refining soil-moisture-estimation algorithms,
understanding scaling and aggregation issues, watershed
characterization, vegetation response to large-scale cir-
culation, and evaluation of soil/water-retention models.

Use of Satellite Data

The hydrological sciences and the entire investigation
team look forward to well-calibrated, atmospherically-
corrected and geo-referenced EOS-era satellite products
to better characterize sparse canopies and soils (ASTER),
seasonal vegetation and bidirectional reflectance (MO-
DIS, MISR), radiation (CERES), and precipitation and
soil moisture (AMSR-E). Equally important are non-EOS
sensors operated by NOAA and ESA, particularly with
regard to diurnal radiation, clouds, and active microwave
measurements. We are involved at different levels in sev-
eral EOS instrument teams (MODIS, AMSR-E, ASTER)
as well as other instrument teams for satellite instruments
(POLDER, Vegetation Monitoring Instrument (VMI) [on
SPOT 4], TRMM) and for airborne instruments [Micro-
wave Imaging Radiometer with Antenna Synthesis
(MIRAS), PORTOS, ESTAR]. (PORTOS is an airborne/
ground passive microwave radiometer [6 frequencies from
1.4-t0-90 GHz, dual polarized]).

Participation in Field Programs
From the onset, members of our teams have played lead-

ing roles in the organization and support for a number of
field experiments. The HAPEX-Sahel experiment took
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place in 1991-1993, with an intensive observation period
in 1992 over a GCM-size grid square. (HAPEX -Sahel is
the Hydrologic Atmosphere Pilot Experiment in the
Sahel.) The USDA-ARS Walnut Gulch watershed in
Southeast Arizona has also been the focus of several field
campaigns such as the MONSOON 90, where observa-
tions were made at a range of scales (1-100@Q Kream
members participated in several intensive-observation-
period field-scale experiments over the Maricopa Agri-
cultural Center (Arizona, USA) in 1995-96, an aircraft
campaign over Landes Forest near Bordeaux (France) in
1996, and an intensive field campaign near Toulouse
(France) in 1996. The field work is now primarily focused
on the Upper San Pedro (Arizona, USA) in conjunction
with the Semi-Arid Land Surface Atmosphere program
(SALSA). Several of us have also been involved with other
international initiatives related to global change such as
IGBP and GEWEX.

Principal Investigator
Yann Kerr

Yann Kerr received his Ph.D. from the Université Paul
Sabatier, Toulouse, France, and his M.S. from Glasgow
University, U.K. From 1980 to 1985, he was with the
Centre National d’Etudes Spatiales (CNES) in Toulouse.
He joined the Laboratoire d’Etudes et de Recherches en
Télédétection Spatiale (LERTS) when it was established
in 1985. From 1987 to 1988, he took a leave of absence
to work at the Jet Propulsion Laboratory in Pasadena, CA.
Kerr has worked mainly with the METEOSAT, Nimbus

7 Scanning Multispectral Radiometer (SMMR), ERS-1
Wind-scatterometer, and the Advanced Very High Reso-
lution Radiometer (AVHRR) systems in order to improve
the use of thermal infrared, microwave, and visible/near-
infrared data for assessing surface fluxes related to the
hydrological cycle. He has been involved in several field
experiments in Sahelian Africa, in the U.S., and in Eu-
rope. Kerr has served as a principal investigator on vari-
ous projects and has helped organize the HAPEX-Sahel
experiment.

Lead U.S. Investigator
Soroosh Sorooshian

Prof. Sorooshian’s primary research is in surface hydrol-
ogy, with particular emphasis on precipitation-runoff-
modeling utilization of remote-sensing information in the
hydrology of arid/semi-arid regions, as well as water-re-
sources management issues. His research activities are
funded primarily by NASA, NSF, and NOAA. Sorooshian
is a member of several National Research Council (NRC)
committees and is currently the Chair of the National
Academy’s Global Energy and Water cycle Experiment
(GEWEX) panel. He is also serving on various advisory
panels in agencies at both the national and international
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levels; in particular he is a member of the science advi-
sory board of NOAA and incoming chair of GEWEX-
SSG. He has been an active member of several profes-
sional societies and has served in various capacities
(former Head of the Department of Hydrology and Water
Resources, University of Arizona; former Editor of Wa-
ter Resources Research, published by the American Geo-
physical Union; former member of the Council of the
American Meteorological Society; etc.) He is currently
the special editor for hydrology of the Bulletin of the
American Meteorological Society (BAMS), and is the
President of the Hydrology Section of AGU. Sorooshian
is a Fellow of AAAS, AGU, AMS, and formerly of the
Udall Center for Public Policy during 1993-94.

Co-Investigators
Agnes Bégué €entre de Coopération Internationale en

Recherche Agronomique pour le développement

Abdelghani Chehbounilnstitut Francais de Recherche
Scientifiqgue pour le Developpement en Coopération

Gérard Dedieu Centre National d’Etudes Spatiales
(CESBIO)

Xiaogang Gao University of Arizona/Hydrology and
Water Resources

David Goodrich {USDA/Agricultural Research Service

Hoshin Gupta University of Arizona/Hydrology and
Water Resources

Bisher Imam University of Arizona/Hydrology and Wa-
ter Resources

Jacques ImbernorGentre de Coopération Internationale
en Recherche Agronomique pour le développement

Jean-Pierre Lagouarddnstitut National de Recherche
Agronomique

M. Susan Moran USDA/Agricultural Research Service

Bernard Seguin institut National de Recherche
Agronomique

James ShuttlewortHJniversity of Arizona/Hydrology and
Water Resources

James Smith Princeton University

Alain Vidal - International Programme on Technology and
Research in Irrigation and Drainage (IPTRID) FAO/
AGLW

Jean-Pierre Wigneronlnstitut National de Recherche
Agronomique
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