WORLD METEOROLOGICAL
ORGANIZATION

INTERNATIONAL COUNCIL OF
SCIENTIFIC UNIONS

GLOBAL ENERGY AND WATER CYCLE EXPERIMENT
(GEWEX)

Report of the Second Session of the
WCRP-GEWEX I IGPB-BAHC
Joint Working Group on Land-Surface Experiments
(Greenbelt, Maryland, U.S.A., 3-4 June 1991)

SEPTEMBER 1991

WCRP-61

WMO(fD-No. 437

WMO LIBRARY· www.wmo.int/library

Illllll 111111111111111111111111111111111
010628

The World Climate Programme launched by the World Meteorological Organization (WMO) includes four components :
The
The
The
The

World
World
World
World

Climate
Climate
Climate
Climate

Data Programme
Applications Pro$ramme
Impact Studies Programme
Research Programme

The World Climate Research Programme is jointly sponsored by the WMO and the
International Council of Scientific Unions.

This report has been produced without editorial revision by the WMO Secretariat. It is
not an official WMO publication and its distribution in this form does not imply
endorsement by the Organization of the ideas expressed.

(;J cR-P

,(;' 1
\ b 43:f

TABLE OF CONTENTS

Page No.

LIST OF ACRONYMS

iii

1.

OPENING OF THE MEETING

1

2.

SCIENTIFIC BACKGROUND

1

3.

TERMS OF REFERENCE

1

4.

REVIEW OF PAST MAJOR LAND-SURFACE EXPERIMENTS

2

4.1
4.2
4.3

2
2
3

5.

Scientific Objectives
The HAPEX-MOBILHY Experiment
The FIFE Experiment

DESIGN AND PLANNING OF FUTURE EXPERIMENTS
5.1
5.2

Scientific Objectives
Experiment Design
5.2.l
5.2.2

5.3

Mesoscale Field Programme
Continental-Scale Studies

4
4
4
4
4

Planning of Future Experiment

6

5.3.l
5.3.2
5 . 3.3
5.3.4
5.3.5

9
9

HAPEX-SAHEL and EFEDA Desertification Studies
Boreal Forest Experiment ( BOREAS ).
Tropical Rain-forest Studies
TUndra
Continental Scale Studies (GCIP)

10
11
11

6.

CLOSURE OF THE MEETING

13

7.

RECOMM,ENDATIONS

13

REFERENCES
APPENDICES
A.
B.
C.
D.

List of Participants
Terms of Reference
The ABRACOS Project
The Primary Science Questions and Main Research
Tasks for GCIP

iii

LIST OF ACRONYMS

ABL
ABRACOS ARME
AVHRR
BAHC
BOREAS
COSPAR
ECHIVAL EFEDA
FIFE
FIS
GCIP
GCM
GEWEX
HAP EX
IAMAP
ICSU
IFC
IGBP
ISLSCP
MOBILHY OLR
PBL
SIFE
SLFEDIS SOP
SST
SVAT
TOA
WCRP
WMO

Atmospheric Boundary Layer
Anglo-Brazilian Amazonian Climate Observational Study
Amazon Region Micrometeorological Experiment
Advanced Very High Resolution Radiometer
Biospheric Aspects of the Hydrological Cycle
Boreal Ecosystem-Atmospheric Study
committee for Space Research
European International Project on Climatic and Hydrological
Interactions between Vegetation, Atmosphere and Land-Surface
ECHIVAL Field Experiment in Desertification-Threatened Area
First ISLSCP Field Experiment
FIFE Information System
GEWEX Continental Scale International Project
General Circulation Model
Global Energy and Water Cycle Experiment
Hydrological-Atmospheric Pilot Experiment
International Association of Meteorology and Atmospheric Physics
International Council of Scientific Union
Intensive Field Campaign
International Geosphere-Biosphere Programme
International Satellite Land- Surface Climatology Project
Modelisation du Bilan Hydrique
outgoing Longwave Radiation
Planetary Boundary Layer
Second ISLSCP Field Experiment
Standard Land-Surface Field Experiment Data and Information System
Special Observing Period
Sea-Surface Temperature
Soil-Vegetation-Atmosphere Transfer
Top of Atmosphere
World Climate Research Programme
World Meteorological Organization

1.

OPENING OF THE MEETING

The second session of the WCRP Global Energy and water Cycle
Experiment (GEWEX)/IGBP Core Project on Biospheric Aspects of the Hydrological
Cycle (BAHC) Joint Working Group on Land-Surface Experiments was opened at
9100 a.m. on 3 June 1991 in Greenbelt, Maryland, U. S . A . by the Chairman,
Dr . J .C. Andre . The list of participants is provided in Appendix A.
2.

SCIENTIFIC BACKGROUND

The scientific rational for continued land-surface experiments remains
the inadequate representation of land-surface hydrology in present day climate
models. There is a current need to calibrate descriptions of the
land/atmosphere interactions for a few land classes in these climate models .
Radical improvement is necessary in the treatment of evaporation and
evapotranspiration from the land-surface and the linkages of soil moisture and
ground water flow to these processes on spatial scales compatible with the
resolution of very large scale climate models. The continental water budget
and more specifically the evaporation flux are major factors that affect the
thermodynamic and dynamic state of the atmosphere in various ways and on all
time scales. Current models of the atmosphere have made it possible to make
an initial examination of these phenomena but the results remain preliminary
in the context of current parameterizations of continental scale water budgets
and evaporation fluxes. Another aspect that needs to be considered is the
relationship between large-scale land transformation, being affected by nature
and man, and regional changes in the hydrologic regime. Deforestation,
desertification, urbanization and industrialization are among the most
dramatic causes of significant changes in land characteristics . Our
understanding of the impacts of all of these factors on climate dynamics,
climate changes and water resources is required.
3•

TERMS OF REFERENCE

Previous discussions between the chairman of the WMO/ICSU Joint
Scientific Committee for the WCRP and the ICSU Special Committee for the IGBP
had resulted in the terms of reference shown in Appendix B. The Working Group
had approved these terms at its first session in Wallingford, U.K.,
25-26 January 1990. In the interim, endorsement of the GEWEX
Continental-Scale International Project (GCIP) within the Mississippi River
basin has provided the framework for a scientifically meaningful study of
energy and water fluxes between atmosphere and land surface . GCIP in concert
with other specifically defined process studies outside of the Mississippi
basin also represents a logical intermediate step in the development of the
required global data management and assimilation schemes, leading to a future
global Data and Information System. In this context and in consideration of
continuing discussions on the relationship between WCRP and IGBP, the Group
felt a review of the terms of reference was in order. The terms of reference
were retained without amendment and there was agreement that further
coordination of GEWEX and BAHC should continue to be pursued through the
current Joint Working Group.
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4.

REVIEW OF PAST MAJOR LAND-SURFACE EXPERIMENTS

4.1

Scientific Objectives

The most recent land-surface experiments have been either
Hydrological-Atmospheric Pilot Experiments (HAPEX) co-ordinated through WCRP
with priority towards providing data to validate SVAT schemes within
atmospheric general circulation models or COSPAR/IAMAP International Satellite
Land-Surface Climatology Projects (ISLSCP) more strongly linked to information
on land-surface characteristics from space-based radiation measurements.
4.2

The HAPEX-MOBILHY Experiment

The HAPEX-MOBILHY experiment was the first of its kind and took place
in southwestern France during a two-year period (1985-1987). The main
objective was to estimate area-average evaporation fluxes over a domain of
100 x 100 km2, typical of the grid size of an atmospheric general
circulation or climate model. To achieve this objective, a high-density
network of raingauges, automatic weather stations, surface energy budget
measuring stations, soil moisture measurement stations and strearngauges was
established. The resulting data were aggregated into area-averaged values of
evaporation, derived independently from the moisture budget (hydrological
studies) and the surface energy budget (atmospheric studies). The
area-averaged fluxes were compared with direct measurements taken by aircraft,
specially instrumented for eddy-correlation measurements of turbulent fluxes,
and with estimates derived from both hydrological and mesoscale atmospheric
models. These comparisons have been made for a limited three-month period,
corresponding to the Special Observing Period (SOP) of the programme (May-July
1986).
Recent work on the HAPEX-MOBILHY data (e.g. Andre et al., 1988, Andre
et al., _ 1990) has been based on the early determination that atmospheric
mesoscale modelling provides a very efficient tool to spatially integrate
surface fluxes over a region with varying soil properties and vegetative
cover. Atmospheric modelling can describe the response of the ABL to surface
inhomogeneities at scales of a few kilometers and thereby account for the
resulting modification in the atmospheric demand.
From these initial findings it appears that the most significant
contribution to variability on scales 10-100 km is associated with physical
inhomogeneities in terrain properties and gross vegetation cover, and in
rainfall distribution. On these scales, local inhomogeneities in the range
1 to 10 km are taken into account by weighted averaging, so they appear not to
ellicit further non-linear feedbacks through driven mesoscale atmospheric
circulations.
The most recent results, therefore, have applied a calibrated
one-dimentional (1-D) transfer scheme which relies on point measurements of
soil moisture and water and heat at the interface of the soil, vegetation and
a tmosphere taken at a dozen locations over the 100 x 100 km test area. This
1-D scheme has been embedded in a three-dimentional mesoscale model and the
output compared with remote sensing information of surface temperature and
with direct airborne measurement of the area-averaged surface fluxes.
Upscaling from the small scale spatial variability has been accomplished with
good results as fluxes are generated from the model for the entire test
domain . The main results obtained so f ar have been reported by Andre et al .,
1990.
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Present work, still in progress, is aimed at relating the
area-averaged fluxes to "efficient" land-surface properties through the
lD transfer scheme. Efficient properties are defined by averaging each
1 km-scale area differently depending upon the particular property o f
interest, i.e. linearly (leaf-area index), geometrically (stomatal resistance)
or possibly logarithmically (e .g. roughness length). Using such efficient
land-surface parameters defined from pixel-scale values appears to give rise
to a much more accurate prediction of the area-averaged surf ace fluxes than
would be obtained if parameters were used which corresponded to only the
dominant type of vegetation and soil present within the domain under study.
4.3

The FIFE Experiment

This experiment was centered on a 15 x 15 krn2 area of grassland in
central USA (Kansas). From early 1987 to late 1989, satellite,
meteorological, hydrological and biometric measurements were routinely taken
at and over a wide area surrounding the site. Four times in 1987 and once in
1989, teams of scientists visited the site for 10-20 day periods to measure
surface fluxes of momentum, heat, moisture and C02 1 radiances, and
biophysical and soil variables. Six aircraft were used in various
combinations to obtain remote-sensing and turbulent flux data. Most of the
activities were co-ordinated with each other and with satellite overpasses .
Because of the implications for future experiment design, the
methodology for coordination of FIFE activities has been an important product
of the experiment. The simultaneous measurements of heat, radiation, and mass
fluxes and the associated hydrological states from satellite, airborne and
surface platforms was a significant interdisciplinary effort. This plus the
development of an integrated information system (FIS) designed and implemented
to capture and organize the experiment data have made FIFE a major contributor
to the primary objectives of the international research programme into
land/atmosphere interactions. FIFE has provided data for a characteristic
biome against which large scale climate models can be calibrated and aided in
understanding how such calibration might be extended more widely and to more
complex cover using satellite based measurements. The major findings have
been generally reported (e.g. Hall et al., 1989, Sellers et al., 1989) and the
data base is now available to all interested groups (contact persons
P. Sellers).
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5.

DESIGN AND PLANNING OF FUTURE EXPERIMENTS

5.1

Scientific Objectives

The objectives of improved realism and accuracy of parameterization
schemes for specific geographical and climatological conditions and the
development of methods to infer, from satellite data, parameters of importance
for the calculation of fluxes are of sufficient scientific importance to
justify continuing these experiments.
Future efforts, however, must address
broader goals. Sites are, therefore, being selected to extend this work to
different biomes of the world and to large river basins, so as to construct a
comprehensive data set for observing the earth system from satellite and
effectively modelling it at mutually-consistent scales.
5.2

Experiment Design

5.2.1.

Mesoscale Field Programme

Future field studies are being designed to answer the scientific
issues related to both the physical and bioshperic aspects of the hydrological
cycle. Typical mesoscale field experiments will cover an area of the order of
100 x 100 km2, and include some smaller but more densely instrumented sites
(about 10 x 10 km2). Measurements by the surface network will include basic
meteorological and hydrological variables as well as surface fluxes of
radiation, heat, water and carbon, and vegetation properties such as stomatal
resistance, water stress, sap flux, etc. at specific sites. These in situ
measurements will be complemented with estimates of area-averaged heat and
water fluxes in the atmospheric boundary layer from aircraft equipped for
eddy-correlation measurements. Vertical profiles of atmospheric parameters
(e.g. by radiosondes) will be used to characterize the meteorological
situations and atmospheric demands, to provide initial data for mesoscale
models simulations, to determine atmospheric advection and to close the
atmospheric water and energy budget.
Fine-mesh atmospheric mesoscale models encompassing the entire
experimental area will be used to provide an independent check of the
area-averaging procedure. The exploitation of satellite remote-sensing data
including both high resolution (SPOT, LANDSAT) and lower resolution (AVHRR)
images, will be concentrated over the sites where sufficient in situ
measurements are simultaneously available.
5.2.2

Continental-Scale Studies

Figure 1 is a schematic illustration of the area covered by a study of
the Mississippi river basin currently being implemented within WCRP'S GEWEX
programme. A science plan for the GEWEX Continental-Scale International
Project (GCIP) is under preparation. The extensive meteorological and
h ydrological networks covering the continental U.S.A., enhanced by new doppler
radars, wind profilers and automatic weather stations being implemented as
part of the upgrade of the U.S. observing network, would provide the best
opportunity for collecting the required extensive data sets essential for the
determination of precipitation, wind fields and other climate parameters and
the validation of estimations based on remote sensing. These data sets would
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Figure 1:

GEWEX Continental Scale International Project (GCIP)
Location - Mississippi River Basin
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provide information critical for meeting what is in effect the principal goal
of the projects to establish a bridge between scales significant in modelling
discrete processes of the hydrological cycle over land areas, and the scales
at which it is practicable to model the general circulation of the climate
system for predictive purposes. Equivalent data sets are not likely to be
available in other continental areas within the same time frame, although
scientific results of parallel efforts conducted in other areas should be
applied to improve models for the principal project area.
It is recognized that not all the hydrological processes important to
GEWEX occur within the Mississippi River basin. Therefore, it will be an
essential task of GCIP to validate and ensure the transferability of the
results obtained for the Mississippi to other parts of the world. For this
reason, it is important that countries other than the USA be involved in the
project, especially in the analysis of meteorological fields, the development
of models, the conduct of process studies outside of the Mississippi, and in
the exploitation of GCIP data for the assessment of impacts on water resources
within a wider context.
5.3

Planning of Future Experiments

It is planned to carry out the mesoscale experiments in a limited
number of regions, where climatic conditions are representative of major
climatic zones, in particular, semi-arid regions with rapid soil moisture
depletion after a rain event, associated with a rapid decrease of natural
and/or agricultural vegetation (e.g. Sahel), mid-latitutde regions
experiencing land degradation and desertification (e.g. some regions in
southern Europe), the high-latitude boreal forest with seasonal snow-cove r
(e . g . USSR, Canada), high - latitude, sparsely-vegetated regions of the t undra
and taiga type (e.g. Siberian USSR), and the tropical ·rain-forest (e.g . Ama z on
basin). Related to the larger scale studies, the first GEWEX initiated
continental scale studyis planned for the Mississippi river basin. Following
the implementation of this project there will be a need to continue very large
scale studies over well instrumented sites to compliment the GCIP process and
extend the relevance of the outcome of the project. Increas i ng attention in
important tropical and major temperate river basins is, therefore, e xpected to
evolve in the next decade ·.
It is clear that the focus of future experiments will be different
depending on the region to be studied and how global change may manifest
itself within the particular biome of interest. Figure 2 shows the most
significant interactions between terrestrial biota and the atmosphere with
respect to climate change. Table 1 lists the series of experiments required
to meet the complexity of these interactions and address the scientific issues
with reference to the need for land-surface climatology (WCRP/GEWEX) and
biogeochemical and terrestrial ecology studies (IGBP/BAHC).
As shown in Table 1, it appears feasible to have the three major field
programmes BOREAS, GCIP/Process Studies and an Amazonian study at one-year
intervals between 1994 and 1996. This strategy does not conflict as far as
the use of large experimental facilities (e.g. airplanes) is concerned nor
does it lead to an overcommitment of scientific resources since these
programmes are likely to be conducted by different scientific teams.
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Important interactions between terrestrial biota and the
atmosphere with respect to climate change.
Influence of changes in the physical climate system on biophysical
processes. These effects may feed back to the atmosphere through
changes in energy, heat, water, and co 2 exchange.
Changes in nutrient cycling rates, release of co 2 and CH 4 from
soil carbon pool back to the atmosphere.
Changes in biogeochemical processes and water and nutrient
resources influence community composition and structure.
Change in species composition causes changes in surface
biophysical characteristics and biogeochemical process rates.
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Experiments for different biomes with provisional schedule .
Monitoring effort
Small-scale (single site) experiments
++++ Large-scale (multiple site) intensive experiment

Priority Topic

Location
(Experiment)

Provisional Timing

1991

1992

1993

1994

1995

1996

1997

( 1)

Desertification

++++
(1) may slip to 1995

Spain
(EFEDA)
Niger
(HAPEX- SAHEL)

Boreal Forest
Interaction

Canada
(BOREAS)

Large River
Basin
Continental scale

U.S.A.
(GCIP)

Tropical Forest

Brazil

Tundra
Interaction

(to be defined)

++++

++++

++++

++++

-(2000)

( 2)

++++
(2) tentative
(to be defined)

Tundra(?)

EFEDA

GCIP - Mississipp i

Amazon

Figure 3 :

~

HAP EX ·Sahel

~

Proposed locations of land- sur face e xperiment study areas on the
globe.

~-
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In conformity with the WCRP/GEWEX priorities for major land-surface
field experiments and taking full account of special needs of the IGBP/BAHC
the following sections provide a brief description of experiments which are
planned for implementation during the 1990's. Figure 3 identifies the
proposed locations o f these study areas around the globe.
5 . 3.l

HAPEX-SAHEL and EFEDA Des ertification Studies

The HAPEX-SAHEL experiment and the ECHIVAL Field Experiment in
Desertification-Threatened Area (EFEDA) have been organized in c l ose
co-ordination since both address similar problems conce rning land-surface
processes in arid and/or semi-arid regions. The Eur opean International
project on Climatic and Hydrological Interactions between Vegetation ,
Atmosphere and Land -Surfaces (ECHIVAL) is a major Eur opean research effort to
study the interaction of the biosphere with the global water cycle and to
advanc e t he implementation of hydrologic al processes in e xist ing climate
models. Whi le HAPEX-SAHEL is concerned with a region of la r ge latitudinal
representativity on the global scale, EFEDA will investigate a well-devel oped
area which might come under the threat of desertification associated with
long-term climate change effects.
These two programmes are conducted as co- operative efforts between a
number of European teams co-ordinated under a CEC-supported ECHI VAL initiative
and U.S.A. teams co-ordinated under a NASA initiative.
Planning and implementation of these experiments are on schedule as
shown in Table 1 and the detailed descriptions presented in the report of the
Working Group's first session (WCRP -38 ) remain current with the exception of
an expansion of the HAPEX-SAHEL test site to 14.50N from 14°N .
5.3.2

Boreal Forest Experiment (BOREAS)

The BOREAS (formerly designated the Second ISLSCP Field Experiment or
SIFE) is a cooperative field and analysis programme involving elements of
land-surface climatology, tropospheric chemistry and terrestrial ecology. The
goal of the study is to understand the interactions between the boreal forest
biome and the atmosphere to clarify their role in global change. The BOREAS
is conducted as a joint effort between Canada and the U.S.A.
The BOREAS Science Steering Committee held a BOREAS Science Planning
workshop 13 - 15 May 1991 in Price Albert , Saskatchewan, Canada. The objectives
of the workshop were to review any relevant recent developments, modify the
BOREAS Science Plan as required to provide a baseline document for the
solicitation of proposals and visit a candidate test site . It was agreed at
the workshop to modify the science plan to include a "full winter" hydrology
related Intensive Field Campaign (IFC) and a flexibly timed campaign to
coincide with the spring melt period. Also as a result of the workshop,
action is being taken to provide for long-term monitoring o f surface fluxes
outside the IFC periods and to make provisions for substantially enhanced
water-balance monitoring and hydrological modelling in basins contiguous to
the BOREAS sites. A concensus was reached during the workshop on the high
desirability of an enhanced network of surface climatological stations and
boundary layer soundings to permit mesoscale meteorological modelling and
timely interaction with world weather modelling centres.

- 10 -

The Working Group endorsed these additions to the BOREAS Science Plan
and concurred with the broader goal of establishing stronger linkages between
BOREAS and the hydrological and hydrometeorological aspects of the Canadian
and US GEWEX activities, especially GCIP. As a means of ensuring such
linkages occur, representatives from the GEWEX Programmes will be solicited
for membership on the BOREAS Science Steering Committee and later the
Investigators Canmittee which will be formed in early 1992. Figure 4 is a
schedule of activities leading to the field phase (1994) of BOREAS.

BOREAS Iime-Line

Spring Workshop
Announcement fnvestigators
o( Opportunity~elected-

Agency
Activity

Site
Activity

Site
Site
Selection_.revisits
PAMs ...

GIS/data
aquisition

BORIS

1990

Figure 4:

5.3.3

Lead funding
Peak
Analysis
for some teamrfunding-+Funds

Towers,
Access

Pilot
IFC

3 lFCs

Investigator
Workshops

Experiment
Design

Data
Ingest

1991

1992

1993

1994

199S

Preliminary schedule of activities leading up to field phase (1994)
of BOREAS.

Tropical Rain-forest Studies

Pioneering studies already begun in the tropics, particularly in the
Amazon, have been stimulated by the potential climatic consequences of
deforestation in these regions and the poor representation of the hydrological
c ontrol exerted by vegetation in climate models. Among those, the on-going
Anglo-Brazilian Amazonian Climate Observational Study (ABRACOS)--which began in
1990 will run for five years and provide a calibration of the land-surface
hydrology for a representative cleared-forest area in central Amazonia near
Manaus. Long term near-surface climatological data from clear and naturally
forested areas are also being gathered. Appendix C contains preliminary
results and future plans for ABRACOS.
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The U.K. strongly supports the idea of a HAPEX-Arnazonian experiment
and the U.S.A., Brazil and other countries are pr o moting similar activities
designed to take full advantage of the ABRACOS project and other tropical
rain-forest studies. The Working Group strongly recommended that these
initiatives be consolidated into a major effort to begin sometime in 1993 to
prepare f o r a full scale Arnazonia field experiment in the 1996-97 time-frame.
To meet this schedule, promote consolidation and achieve consensus on the
scientific and technical issues related to such a major study, it was agreed
to organize an "Amazon Experiment and Modelling Initiative Workshop" under the
auspices of the Joint Working Group in the early part of 1991 .
5.3.4

Tundra

Although there was agreement on the need for a major field experiment
in the tundra region, the Working Group was unable to advance the planning for
such an experiment beyond recommending that plans continue to build from the
studies already underway in northern Sweden, the Arctic tundra site of Toolik
Lake or in the USSR . Timing for such an experimental programme would not be
before 1995 .
5.3.5

Continental Scale Studies (GCIP)

Determining water and energy balances, understanding the processes and
resolving the aggregation/disaggregation of process scaling for both the
land-surface and atmospheric processes up to the continental scales
establishes the basis for the GEWEX Continental Scale International Project.
Lack of knowledge of Earth's hydrologic and energy cycles is a broad, global
problem for GEWEX involving the complex interactions between the land,
atmosphere and oceans (Figure 5) . GCIP, with a focus on a continental river
basin will begin by addressing key science questions at the heart of the
land-atmosphere hydrological and energy cycles. As indicated in item 5.2.2,
the GCIP scientific effort is driven to a considerable extent by the scale
issues and the necessity for scale aggregation/disaggregation in dealing with
the continental hydrological cycle. This leads to a series of fundamental
science questions which essentially serve to define the core program for
GCIP. Appendix D is a summary of the primary science questions and main
research tasks for GCIP as presented to the Working Group by the GCIP Project
Manager.
Although GCIP will rely almost exclusively on systematic data, linked
closely to operational procedures, implemented on existing systems and
facilities, it is expected that there will be a need for experimental data in
the form of special data sets produced by field experiments, occasional
surveys, process studies, etc. In this case, the Project plans to provide a
flexible framework for relevant HAPEX, FIFE, BOREAS, etc . experiments of the
type coordinated through the Working Group. In this context it was decided to
add the GCIP Project Manqager to the membership of the Group to participate in
the process of identifying the specific additional experiments which may be
needed, if any.
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6.

CLOSURE OF THE MEETING

It was tentatively proposed that the next meeting of the Working Group
be held in Paris on February 13 and 14, 1992.
The meeting was then closed on 4 June 1991 at 12130 p . m.
7.

RECOMMENDATIONS
The following recommendations were made by the Working Groups
(i)

High priority should be given to synthesizing the results from
different experiments in a standard land-surf ace field
experiment data and information system (SLFE-DIS). A critical
review of existing systems such as the FIFE Information System
(FIS) should be implemented and a standardized database
structure developed so as to reduce experiment organization
costs and accelerate the scientific exploitation of the data.

(ii)

Future land-surface experiments should incorporate mesoscale
surface-atmospheric modelling and the observational framework
needed for its support. This recommendation is based on
recognition of the progress in the use of this technique as a
tool for better data interpretation, spatial up-scaling and
aggregate description of energy/water interactions at
grid-scale.

(iii)

Future land-surface experiments should include multi-year
monitoring and measuring programmes in at least one sub-site
within each larger experiment super-site, so as to obtain the
time series of measurements needed to assess climate and
climate induced ecological changes and ~o provide further
calibration data for remote sensing in different biomes.

( iv)

A priority issue in the implementation of very large
(continental) scale field experiments should be what if any
mesoscale or catchment scale experiments are required in the
early observational period to aid in development of larger
scale modelling tools. A review of the needs for these types
of experiments in GCIP should be initiated, as a matter of
urgency, preferably in time to be included in the Project
Science Plan.
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TERMS OF REFERENCE OF THE JOINT
IGBP/WCRP WORKING GROUP ON LAND-SURFACE EXPERIMENTS

1.

To advise the IGBP/BAHC and the WCRP/GEWEX SSG on the optimal
organization and inte r national co-ordination of land- surface p r ocess
field studies, especially those involving linkages between the
atmospheric boundary layer , hydrology, vegetation and soils .

2.

To interact with the organizers of specific land-surf ace field
experiments for the purpose of optimizing inter national effor ts to
study physical and biological processes of relevance to the IGBP Core
Project on the Biospheric Aspects of the Hydrological Cycle (BAHC) and
the GEWEX.

3.

To promote multi-disciplinary participation in these field
experiments, to facilitate the exchange of information between various
experimental teams, and to facilitate the access of e x perimental data
and results to the scientific community at large.

APPENDIX C

THE ABRACOS PROJECT
(Anglo-Brazilian Amazonian Climate Observation Study)
From material presented by Dr. W.J. Shuttleworth

1.

Background

Changes in the vegetation cover of the land-surface alter the earth's
energy balance. The greatest change is naturally from lush rain-forest to
degraded pasture. Removing the canopy can change the r efl ectivity of the
earth's surface by 50% for a change to short grass, or by a factor of two or
three for bare soil. Deforestation will also change evapotranspiration
processes.
Until recently, climate models paid little attention to this complex
hydrological control exerted by vegetation. Some newer GCMs do incorporate
more realistic descriptions of land-surf ace parameters, but these are poorly
calibrated against field data.
Under a Memorandum of Understanding between the governments of Brazil
and Britain, the U.K.'s Overseas Development Administration is sponsoring the
ABRACOS project - the Anglo-Brazilian Amazonian Climate Observation Study.
This is a collaboration between the Institute of Hydrology (IH), the Brazilian
National Institutes for Space Research (INPE) and Amazon Studies (INPA) and
the Brazilian agricultural research institutes CENA and EMBRAPA. Measurements
are being made of the energy and water balance and near-surface climate for
both tropical rain-forest and cleared forest areas. This data will be fed
into GCMs to aid understanding on how Amazonian deforestation might change the
climate.
Pioneering work carried out in previous joint experiments between IH,
INPE and INPA provided measurements over virgin rain-forest north of Manaus in
central Amazonia • . The ABRACOS project is building on this experience and
extending the field techniques to cleared areas and to other sites.
2.

Scientific objectives
ABRACOS has two primary objectives1
( i)

(ii)

to provide detailed single-site observations of
land-atmosphere interactions for typical
post-deforestation pasture land, and
to investigate whether forest clearance will
significantly affect shallow convection and,
therefore, cloud cover and surface radiation.

3.

Experiment Design

3.1

Experiment Site

The experiment will run for five years and take .place at three sites.
The intensive cleared forest observations will be carried out on a small
cleared site near Manaus, close to the site used by the Amazon Region
Micrometeorological Experiment (ARME) for the undisturbed forest.
Background
measurements of climate and soil water status will be made here for three
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years with additional intensive micrometeorological and plant physiological
data collection in the course of five field expeditions of 2-3 months each.
At the remaining two sites, which will most probably be in the states of Para
and Rondonia, simultaneous collection of near-surface, hourly-average weather
data will be done over a large clearing and over an extensive adjacent area of
undisturbed forest.
These will be maintained for at least two years. The
programme will involve close co-operation with GCM communities in Brazil and
the U. K.
3.2

Equipment

A 45m high tower has been constructed in the forest from which
meteorological instruments are able to measure the incoming solar energy above
the canopy, and temperature, humidity and wind profiles at different heights
within and above the trees. A new micrometeorological site has now been
established at the Fazenda Dimona cattle ranch, 80 km further north of Manaus
on land cleared some ten years ago. Several different instrument systems are
in operation here to monitor the exchange of energy, water and momentum
between the ground and the atmosphere. Near-surface gradients of humidity,
temperature and wind shear over the pasture are measured at six levels on a
9 m tower. Independent estimates of the flux of moisture and heat flux to or
from the surface are provided by an IH "Hydra" eddy correlation device. T0tal
energy available for evaporation is measured above and below the ranchland
surface, with particular emphasis on sampling the spatial complexity. Net
all-wave radiometers are used at various heights and locations, and a large
array of heat flux plates are installed just below the soil surface. The
pattern of water movement in the soil is also being monitored. Neutron probes
are used to provide regular monitoring of the moisture content of the top two
meters of soil beneath the pasture in comparison with that under a nearby
forest.
At the same time measurements are made of the soil water potential.
Automatic weather stations are operating at both sites. These stations are
enhanced by a comprehensive array of surface energy balance instruments. The
direct beam and diffuse sky components of incoming solar radiation and
reflected outgoing radiation measurements allow the determination of
cloudiness and albedo. A net all-wave radiometer and soil heat flux
instruments complete the monitoring of energy balance above and below the
surface.
4.

Initial results

The experimental data from the first field season at the end of 1990
demonstrate that clearing reflects 35% more of the sun's energy than the
natural forest.
This, plus its lower daytime surface temperature , effect the
normal diurnal cycle in such a way that there is e x tra local surface heating
to a greater e xtent than is likely to arise from warming through an increase
of carbon diox ide . Measurements made during the first field season over an
unusually dry period (the clear ing was without rain for 21 days, and e x tremely
rare occurrence) show that evaporation from the pasture land fell quite
quickly . Towards the end of the dry season the soil beneath forest is much
drier, with the soil moisture held more firmly under tension . However, t he
already drier, 2 - meter - deep soil layer under the forest continued drying
faster than that under the clearing during the dry spell.
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It is already clear that the existing forest moderates the daily
change in the weather near the ground. There is now experimental evidence
that the temperature change during the day is twice as great over clearings.
Further, the wind there almost ceases at night and the air saturates,
producing early morning fog or mist, a phenomenon virtually unknown above the
forest.
The results obtained so far are now being used to calibrate the
general circulation models at the Hadley Center for Climate Prediction and
Research in the UK and at the Centro Previsao de Tempo e Estudos Climaticos in
Brazil. However, there are other issues which must be resolved. For example,
it is not yet clear whether the cloud cover alters to compensate - or even
exacerbate - the changed climate generated at the ground. Additional "paired"
sites have been selected in Rondonia and in Para where clearings are large
enough to look for such changes in the atmosphere. Towers will be built above
the forest and cleared areas, and long-term monitoring of comparative climate
will begin to investigate these subtle changes.

APPENDIX D

THE PRIMARY SCIENCE QUESTIONS AND MAIN RESEARCH TASKS FOR GCIP
From material presented by Dr. J. Schaake

The relatively small amount of knowledge of the Earth's hydrological
and energy cycles involving the complex interactions between the land ,
atmosphere and oceans is the fundamental problem for GEWEX (Figure 5, p 12).
With its focus on a continental river-basin scale, GCIP will address key
science questions at the heart of this problem.
In building the databases and
coupled models necessary to address these questions , the GCIP scientific
effort is driven to a considerable extent by the difficult scale issues and
the necessity for scale aggregation-disaggregation in dealing with the
continental hydrological cycle. The success of GCIP in meeting its objectives
will depend on its ability to handle these issues . A summary of the
fundamental and subsidiary science questions that derive from the basic GCIP
objectives are listed belowr
(1)

How do water and energy budgets vary in space and time on a
continental scale? What are the key controlling factors and how
do they vary with topography? How important is the spatial and
temporal variability of soil moisture? How significant is
remote forcing (teleconnections ) on the basin? What role does
snow cover play in modulating the temporal availability of water
and the spatial variability of albedo? How accurately do we
need to measure these parameters?

(2)

How can surface and groundwater processes on the catchment scale
be aggregated interactively with the subgrid scale atmospheric
processes in general circulation models? What are the relative
influences of soil structure and composition, slope, vegetation,
and rainfall distribution and how should the varying complexity
be modelled? What are the significant feedbacks to atmospheric
processes in the boundary layer and to cloud and precipitation
formation?

(3)

How can the diverse measurements fundamental to the
determination of hydrological and energy cycles be best
incorporated (retrieved and assimilated) into analyses and
coupled hydrological/atmospheric models in a consistent
fashion? What are the most efficient techniques for combining
measurements from space and ground- based remote sensing systems,
or in situ conventional measurements to quantify energy and
water cycles? How can retrospective data sets be interpreted
with the aid of contemporary measurements to recover and
quantify the historical hydrological and energy cycles of the
GCIP study region?

(4)

What are the best approaches of assessing the effects of climate
variability and change on water resources? What are the
relationships between terms of the water and energy budgets as
estimated from surf ace observations and the corresponding terms
produced by current GCMs? How far can we go in using GCM output
to drive large scale hydrological models to simulate the present
streamflow regime of major rivers? What improvements in GCMs
are needed to provide improved information for water resource
impact assessment?
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MAIN RESEARCH TASKS
The GCIP will be structured into the following components1

*Notea

(a)

Continental-Scale Water and Energy Cycles*

(b)

Model Development and Validation*

(c)

Regional Impact of Climate Variability on Water Resources

(d)

Data Collection

(e)

Data Management

(f)

Implementation and Field Program Planning

Process studies and data assimilation methods are key elements of each
of these components.
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