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REPORT OF THE GCOS/GTOS

TERRESTRIAL OBSERVATION PANEL

1. OPENING OF SESSION

1.1 Dr. John Townshend, Chairman of the joint Global Climate Observing System
(GCOS)/Global Terredtrid Observing Sysem (GTOS) Terestrid Observaion Pand (TOP)
opened the meeting on 28 June at the National Science Foundation in Arlington, VA. He
welcomed the paticipants (Annex 1), and invited each to make a brief persona introduction.

12 The Chairman briefly reviewed the overal concept of the globa observing systems,
dressing the importance of the discipline-oriented panels such as the TOP in developing the
requirements for observations and in edablishing the mechanisms for implementation. He
noted that the work of TOP would be critical both to the Joint Scientific and Technical

Committee (JSTC) for GCOS and to the Scientific and Technicd Planning Group (STPG) for
GTOS.

1.3 The Chairman reviewed the provisional agenda which was adopted after brief
discussion (Annex I1). He suggested working arrangements for the meeting which were
accepted by the members of the Pandl.

2. INTRODUCTION AND BACKGROUND ON GTOS AND GCOS

2.1 Dr. Spence, Director of the Joint Planning Office (JPO) for GCOS, provided an
overview of the GCOS programme, the sructure of the planning activities, and the progress
made to date. He reviewed the highlights from the inception of the programme a the Second
World Climate Conference to the present meeting. The GCOS objectives are to meet the
observational needs for climate system monitoring, for climate detection and response
monitoring for data for national economic development and for research toward
understanding, modelling and prediction. GCOS will be a systematic programme of
observations and data management based, as far as possble, on existing sysems. The JSTC
has developed the concept of an Initial Operational System (I0S), which includes current
observational systems, necessary enhancements to these systems which may be recommended
and implemented now, and a comprehensve data management system.

2.2 The Director noted that the JSTC, at its Third Sesson, established severd discipline
oriented panels and cross-cutting task groups to provide detailed input for the I0S
description.  For terredtrial/ecosystem  observations, the JSTC prepared terms of reference
for the TOP which were later reviewed and revised by the STPG (Annex 111).



2.3 In subsequent discussions, the members were intereted to learn the relaionship
among the various globa observing systems, and among the panels developing their
components. The Director clarified the missions of the three proposed systems (GCOS,
GTOS and GOOS), and the roles of the various subsidiary bodies. He informed the panel
how its activities would be integrated into the GCOS planning. The Panel members urged
that clear relationships be established and maintained among the observing systems, and that
duplication of effort be avoided as subsdiary bodies are being established.

2.4 Additiona discusson focused on the mechanisms avalable for implementation and
potential problems of data propriety, particulaly for land use information and socioeconomic
information. The need for clear connections between the international planning and the
activities of participating countries was aso stressed.

2.5 Dr. Norse, the Chairman of the Scientific and Technica Planning Group (STPG)
for GTOS, reviewed the objectives, guiding principles, and possble operationd forms for
the GTOS activities. He noted that GTOS is a proposed global observing system for long-
term monitoring and assessment of human-induced changes in both natural and managed

ecosystems.  Its objectives are to provide the observational framework and basic data
essentid  for the detection and understanding of impacts of regiond and globa changes on
terrestrial and freshwater ecosystems to such changes, and the role of ecosystems in causing

change.

2.6 Dr. Norse noted severa guiding principles of GTOS: (1) focus on terrestria
systems, (2) complementarity and co-ordination with GCOS and GOOS; (3) user-oriented
sdection of a core set of parameters, (4) Stes to cover the full range of natural and managed
ecosystems; (5) application of remote sensing for scaling up from site observations; (6)
harmonization of measurement methodologies; and (7) primary execution by national
structures.

2.7 Dr. Norse informed the Pandl that at the first sesson of the GTOS STPG, severd
Working Groups were established to initiate planning activities. Working Groups were
charged to address operational aspects, data harmonization, and national needs. The
GCOS/GTOS TOP is charged to consder the specific requirements for climate data

3. OPENING STATEMENT OF THE PANEL CHAIRMAN

31 The Charman reviewed the terms of reference of the pand, and presented his views
of the priority actions for the Pand to consider. He suggested atentative work plan that
would prepare an initid report on activities, prepare reports for the JSTC and STPG, develop
specific proposals for observations, and develop a strategy and possible mechanisms to
implement key components of the Initid Operationd System (I0S) for terrestrid ecosystem
requirements. He sressed the importance of achieving an effective balance between ground-
based and space-based observationa  components.

3.2 The Chairman presented a sequence of activities for the Panel to accomplish its
objectives. He recommended that the Pane:



0 Review, revise, and update existing reports on requirements presented in the
meeting  documents;

0 Review current and planned observations of the WCRP, IGBP, HDP as well
as other programmes of relevant agencies,

0 Identify gaps in observations,
0 Review implementation mechanisms and assess thelr adequacy;
0 Prepare recommendations to address deficiencies.

3.3 To provide additional context, the Chairman note-d that GCOS and GTOS have
smilaities, but some sgnificant differences. GCOS will  provide additiond  climate-relevant
components to a relatively sophisticated meteorologicd system, whereas GCOS will form a
significant part of the whole observational infrastructure since there is no terrestrial
equivalent of meteorologicd services to collect and distribute observations and products.

3.4 To conclude, the Chairman postulated where the Pand should be a the end of the
meeting. He hoped it would provide a better understanding of current needs, of what is
being generated operationdly, of what criticd gaps exis, and in which areas the continuity
of obsavaions is fragile or endangered. He stressed that the Panel should not try to define
the “ideal” system, but rather something that is practical and achievable and which could
evolve into a more gppropricte system.

4. INVITED REPORTS

4.1 Since recently there has been consderable atention given to globad observations,
the Chairman invited brief reports on recent meetings and documents related to the work of
the pand.

4.2 The Director of the JPO reported on the steps taken to date by GCOS in defining
terrestrid  requirements and recommendations. He briefly reviewed documents prepared for
the meeting including the “Report of the GCOS JSTC Task Group on Land Surface
Processes’ which resulted from ameeting in 1992. That Task Group developed an initial
set of requirements and a suite of recommendations. The report was subsequently reviewed
ai the Second Session of the JSTC. With additional material from the JSTC meeting,
eiements of the report were included in the GCOS Draft Plan.

4.3 The Panel was informed of the results of a workshop at Fontainebleau, France
sgoonsored by severa  international  organizations. The workshop focused principally on in
situ gtes and dstations for measurements of ecosystems.

4.4 The Charman of the STPG reported on the Firsd Mesting of the Planning Group and
the subsequent meeting on Harmonization of Environmental Data. Documents from the
vaious meetings, except the last one, were provided.



S. MODEL CONSIDERATIONS

The Chairman invited participants to present material on relevant model issues.
Speakers were asked to focus specifically on the input requirements for models, and the
sengtivity of the outputs of such models to various data inputs. Speskers will be asked to
consder inter alia, input parameters, initid conditions, boundary conditions and validation
requirements and they were asked to discuss senstivity issues associated with the modes to
provide guidance for parameter selection, observationd requirements, or other congraints.

5.1 Globd Atmospheric Modds

5.1.1 Dr. Verseghy reviewed current global climate models, illustrating her remarks
using the Canadian Climate Model. She noted that Numerical Weather Prediction (NWP)
models developed for weather forecasting were often the bass of current climate models.

512  She paticulaly described the physica parameterizations in the modds. Since many
of the key processes are smadler than the grid Sze of the modes, separate caculations are
performed for severa processes including: (1) radiation transfer and absorption; (2) cloud
amount and distribution; (3) precipitation; (4) cumulus convection; (5) wave drag and
turbulent diffuson; (6) surface transfers of energy, moisture and momentum; and (7) land
surface hydrology. Items (6) and (7) were noted for speciad concern to this panel.

ATMOSPHERE LAND
Initial  Conditions Temperature  Profile Sail, canopy, snow
Humidity Temperatures
Winds Soil & canopy moisture
Clouds
Boundary Conditions | Atmosphere  composition | Vegetation Types, coverage
Seasond  variation of vegetation
characteristics
Topography
Soil  Texture, depth
Output  Fields Temperature Soil
Humidity Canopy
Winds Snow
Clouds Temperature
Precipitation Soil & canopy moisture
Surface fluxes
Table 1. Initid conditions, boundary conditions, and output fields for atmosphere and land




5.1.3 Dr. Verseghy discused the initid conditions, boundary conditions, and output fields
needed from the atmosphere and the land (see Table 1). She noted in particular the critica

dependence on soil moisture, citing that due to its heterogeneity, it will pose problems for
observations.

514 The Pand discussed the requirement for soil moisture in some detall. Issues were
rased regarding the depth of soil moisture data required and the horizontal resolution needed.
The limitations of both in situ and space-based observations were highlighted. The
techniques and mechanisms for obtaining appropriate observations of soil moisture were
noted to be very difficult, but the pand agreed that such measurements should be given high
priority.

5.1.5  Further eaboration of mode requirements was developed by Dr. Verseghy and is
reported in Appendix 1.

5.2 Teredria  Effects  Models

5.2.1 Due to scheduling difficulties, the spesker identified to provide an overview of such
models was unable to attend. Requirements for such models were addressed in discussions
of the strategy and the |OS, however.

5.2.2  Dr. Norse described a particular class of terrestrid effects models in the context of
the proposed IGBP/HDP Land Use and Land Cover Change (LUCC) programme. He
focused particulaly on the land use change and socioeconomic driving forces which must
be conddered in these models, noting the requirement for geo-referenced land cover and use
data The observationa information needed for such models typicaly resdes with various
nations and international agencies notably FAO. There are mgor constraints on the
avallability of data on actud land use and on the socioeconomic driving forces for land use
change.

5.3 Hydrological Models

5.3.1 Snce climate models incorporating hydrologicd parameters were addressed and
documented at the Task Group meeting on Terrestrial Observations, no additional
presentations  were  made.

5.3.2 Additiona hydrological variables were identified as required inputs for
biogeochemical and ecosystem models. These pertinent requirements were specified in some
detail by a sub-group chaired by Dr. Running and these are reported in Appendix 2.

6. CURRENT STATUSOF OBSERVATIONAL SYSTEMS

6.1 In Situ Observations

6.1.1 The Charman invited Pand members to briefly describe the current observationa
capability.



6.1.2  Dr. Running provided an andyss of the ecologicd stes in terms of a Smple graph
relating the number of gtes contributing information versus the actuad number of variables
required. For the typicd smal number of comprehensve Long-Term Ecologicd Research
(LTER) sites, many variables are required. At the opposite extreme lies the GLOBE
programme with many observations, but only a few variables are observed. Dr. Running
felt the pand should concentrate on the middle region where few variables are observed, but
where there is potential for many thousands of observational sites possible. With this
premise, he identified five required observations. In priority order, they ae (1) land cover
type; (2) Leaf Arealndex (mid-season or peak growing season); (4) live biomass; and (5)
annua primary production (NPP). This srategy would emphasize broader and wider spatid
coverage rather than comprehensive measurements a fewer gtes.

6.1.3 The Pand found the proposd to be an interesting one It agreed with the premise
that more spatia coverage is more vauable to programmes such as GCOSGTOS than a few
intensdly sampled domains, dthough the latter are critical for other purposes and should be
continued.

6.1.4 In the following discussion, some members proposed additiona items which should
be added to the very short list. Dr. Scholes suggested that land cover type needs to include
some condderation of plant functiond type (eq., broad-lesfed or needle-leafed) as wel as
use type (natural, grazed, cultivated) and tha incluson of nitrogen varidbles would be very
highly desrable. In addition, he suggested soil information (especidly depth, and clay, sand
and organic carbon content) and a measure of the partitioning of NPP to below-ground, such
as soil respiration would be important. Dr. Running proposed adding stream gauging,
possbly including chemicd anayss lake turbidity and temperaiures as well.

6.1.5 On further consideration, it was noted that a nested concept could link the small
number of intensdy measured Sites with a larger number of sites where fewer variables were
observed. This concept is discussed further in section 8. Members noted that current status
of in situ observations has been reviewed in a number of existing documents and drew
dtention to the following issues:

a) The extensve amount of data currently being collected a various dations and
dtes throughout the world;

b) The absence of an overdl drategy with respect to sampling and definition of
the data that needs to be collected;

¢) The difficulty faced by some users in obtaining data from existing components
of global observing systems such as the World Weather Watch in forms
suitable for tasks such as hiospheric modelling .

6.1.6  Dr. Zhao presented an overview of the Chinese Ecosystem Research Network
(CERN). This network was established to address sustainable uses of natural resources, to
provide information on the datus of the environment, and to coordinate ecologica research.
CERN includes activities in research, monitoring, training and edablishing field facilities.
The Pand noted that the network will be an important component of the globa network of
ecosystem sites, and should be consdered an eement of the GCOS/GTOS programmes.
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6.1.7 Dr. Serey presented an overview of ecosysem observaions in Chile. He described
the approach taken to ecosystem monitoring which includes consderation of the populations
(community; species based) and process (functiond). He illustrated the approach with work
in the Torres del Paine Nationad Park a which a comprehensve suite of observaions is being
taken. The Panel appreciated the systematic approach taken to establish and operate a
comprehensve  observing  programme.

6.1.8 Dr. Karim provided a brief introduction to the situation in Bangladesh. There,
agricultural constraints and threats of flooding are paramount considerations. Dr. Karim
itemized the varidbles being measured, and related them to their use in vegetation dudies.
He noted particular problems, including population growth, human intervention in
environmental systems and the continuing vulnerability of the country to natural climate
variability due to monsoons and floods. He made clear the important role that GCOS/GTOS
may play in such countries (see Section 9).

6.1.9  During subsequent discussions, members raised a number of substantive issues
regarding current observational limitations. Dr. Estes, for example, pointed out the lack of
data on land surface characterization and population. While some regiond data bases exid,
much important information a larger scaes is not avalable or is not reliable.

6.1.10 The Charman asked the Pand aso to consider cryospheric requirements. He noted
that ice and snow on the land surface are important parameters, particularly in climate
modelling efforts, but that GCOS/GTOS had not yet established a forum for generating
recommendations in this area. He invited members to provide input during the meeting on
cryospheric issues (see Appendix 3).

6.2 Remote  Sensng  Observations

6.2.1  Dr. Cihlar provided an overview of remote sensing capabilities for terrestrial
requirements. He noted that currently the main remote sensing systems needed for terrestria
obsarvation needs fdl into two man categories (1) fine spatid resolution systems such as
Landsat, SPOT and IRS, and (2) coarser resolution systems providing more frequent imaging
in particular the Advanced Very High Resolution Radiometer of the NOAA series of
saelites.

Fine resolution systems

6.2.2  Current opticd systems have the ability to satify many terrestrid requirements.
But maor problems of data availability have arisen in recent years because of high cogts and
very large gaps in coverage during many time periods. Consequently users have been
sgnificantly hindered from obtaning the data they require.

6.2.3 Microwave daa ae becoming increesngly avalable especidly through missions
such as ERS-1 and the Shuttle Radar experiments. These data do not yet provide regular
global or regional coverage in part because of their reliance on ground receiving stations
which are unevenly and too sparsely distributed across the Earth’'s surface. Increasing
experience during the coming months with these data sets will allow their role in
GCOSIGTOS to be more firmly established.



Coarse resolution systems

6.2.4  Problems associated with the absence of calibration of the AVHRR sensors has
been considerably mitigated by the various vicarious calibration efforts which have been
made recently. Reprocessing the datato create more consistent long term data setsis
condderably adding to ther vaue Of consderable concern is the degradation of the orhit
of NOAA-I 1 sothat its AVHRR is sensing too late in the day to provide data of value for
many parts of theworld. Thusthere will inevitably be abreak in the record of the prime
data st used for monitoring the Earth's vegetation until the launch of NOAA-13.

6.2.5 Geostationary satellites have been exploited to a relatively modest extent for
terrestrial  observations to date despite ther potentid for monitoring intra-diurna  variability
of the land surface.

6.2.6 Discusson of requirements for improved remotely sensed data sets can be found in
Section 9 and Appendix 3.

6.3 Data Management  Issues

6.3.1  While this topic was determined to be more properly the subject of the GCOS Daa
Management Pand and the GTOS WG IlI, the Terrestrid Observation Pand members made
the following observations:

a) Obtaning data in suitable processed forms is essentid t0 meet user needs,

b)  Consderable improvements in data sets for terrestrid purposes especidly from
the AVHRR have been achieved in recent years

¢) Considerable diversity of formats of the same sensor’s data sets (e.g.,
Landsat) continues to occur and should be reduced or diminated,

d) A globd information system for the surface measurement system described in
81 will be required.

7. STRATEGY FOR DESIGN OF A TERRESTRIAL OBSERVATION
SYSTEM
7.1 The Panel recognized the need for consideration of a comprehensive design of a

terrestrial observing system, which includes the integration of in situ observations and
sadlite remote sendng.  The Panel noted that previous documents from GCOS went a
congderable way to defining the drategy for the satellite based component.

7.2 To proceed the Chairman proposed three sub-groups be tasked to develop specific
dements of the terrestrid/ecosystem observationa plan. These would then be integrated as
the terrestrid component of the I0S. The three groups were established respectively to: (1)
review the in situ elements as part of a surface measurement programme and develop a
hierarchical agpproach to dSte characterization (see section 8); (2) review meteorologicad and
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hydrological requirements for biospheric models (Appendix 2); and (3) review components
which need to be provided in gspatidly continuous globdly or regiondly comprehensive fields
and hence which are normaly derived from satellite observations (see Section 9). In addition
contributions were made by individuals on the needs for GCMs (Appendix 1) and the
cryosphere  (Appendix  3).

7.3 Future meetings of the Pand will need to edtablish the data requirements of other
modelling communities not consdered a its firs meeting, including ecosysem models and
terrestrial effects models (see Section 5.3) and to further refine the definition of data
requirements of the whole range of models requiring terrestrid observations.

8. STRATEGY FOR A GLOBAL SURFACE MEASUREMENT
PROGRAMME

8.1 Rationale

8.1.1 The desgn of the GCOS/GTOS surface measurement programme and the selection
of sites must reflect an appropriate balance between three broad overlapping kinds of
objectives.

a) To detect changes in terrestrial ecosystems, including managed ecosystems and
non-oceanic aguatic systems, with high sengtivity and timeliness,

b) To document, quantify and map sStaus and trends in terrestrid systems;

¢) To provide the data needed to develop, calibrate, validate and operate the
diversty of models that can be used to give advance warning of globa
environmentd change, and dlow mitigation options to be tested.

8.1.2 Terrestrial ecosystems both respond to changes in climate and atmospheric
compogition, and are maor drivers of change, largely through changes in land use and land
cover. Models provide a useful organizing framework for data collection, but since the
nature of future models is unknown, it is ingppropriate to build the entire monitoring Strategy
aound existing modes. It issuggested that the relative effort expended in meeting the
above three objectives should be in a ratio of agpproximaey 10:60:30.

8.1.3 The Panel observed that these objectives require different sampling strategies.
Change detection is favoured by placing samples in the path of probable change. Change
guantification and mapping requires a systematic, representative and unbiased sample
drategy. Model development requires intensive data collection, but only for a smal number
of sites which need not be globally representative. Model operation needs spatially
continuous and numericaly coherent sets of driving variables. This diversty of objectives
and requirements make it clear that a single, uniform monitoring system is unlikely to be
effective in terms of cost or effort.

8.1.4 A comprehensive surface measurement programme should be designed to place
approximately equal emphasis on four classes of processes. These ae
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1)

2)

4

Biogeochemistry: The broad goal isto quantify changesin the major pools
and fluxes. The primary focus should be on carbon, including measurements
of carbon storage in soils and plants as well as carbon exchanges between
ecosystems and the atmosphere and between terrestrial and aquatic
ecosystems.  Given the criticd role of nitrogen and phosphorus as controllers
of carbon pools over different time intervas, these dements should be a mgor
focus of observations.

Land Use: Because changes in land use are likely to dominate near to
medium term changes in both biogeochemistry and in the quality and quantity
of goods and services provided by ecosystems to humans, it is critical to
guantify changesin patterns of land use and intensity of land management.
This should include assessments of land added to or abandoned from
agriculturd  production as well as changes in cropping system, fertilizer and
irrigation  use, timber harvest practices, and low-intensty management (eg.,
rubber  harvesting).

Biodivergty: The locd and regiond diversty of genotypes, species, plant and
animal functional types, and landscape units have an important place in the
globa change research and monitoring agenda both in themselves, and through
interacting effects on biogeochemistry and land use.  The monitoring
programme must acknowledge the importance of biodiversty at levels ranging
from the genetic to the landscape level. The dramatic spread and often
profound ecological consequences of introduced plants and animas over the
last few centuries places a high priority on monitoring the status of non-native
and epecidly invasve gpecies.

Climae The interface between climate and terrestrid systems has two maor
components.  One is the terrestrial characteristics that can be used as
indicators of climate change. The second is the aspects of climate that are
necessary for interpreting or establishing a context for ecologicad information.
Severd of the terrestrid characterigtics that are useful as indicators of climate
change are only indirectly linked to ecosystem dructure and function. This
class includes parameters like extent and mass of dpine glaciers and size and
temperature of shalow lakes. In generd, the aspects of ecosystem structure
or function that are potentially useful as indicators of climate change,
including presence or absence of indicator species, are regulated more by
extreme events than long-term mean conditions.

8.2 Desgn of a Globd Hierarchicd Sampling Scheme

8.2.1 The Pand proposed a four-level hierarchicd system. At the lowest leve (1V), a few
highly-standardized, eesily-collected data items ae periodicdly collected a each of a lage
number of systematically-distributed sample locations. At the highest level (1), a large
number of data items, including expensive, technically-challenging observations, are
continuoudy collected over an extensive target area This hierarchy will be built primaily
from existing experiments, research dations and sudy Stes. The hierarchy is loose in the
snse that each level will contain a least some of the components a each lower leve, but
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not all of the lower level sites will be incorporated in higher level sites. Including
measurements from all lower levels in the higher level sites will facilitate the spatial
integration in the higher level sites and the upward transferability of variables that will
maximize the range of interpretations that can be drawn from the lower level observations.

8.2.2 The four levels are characterized as follows:

0

The LEVEL | fadliies will be a smal number of internationd, regiond scae
experiments, such as the IGBP Transects, WCRP land-surface
parameterization experiments and large catchment studies. Facilities at this
level add measurements of processes not quantified a lower levels (eg., trace
gas exchange), and they address mechanisms of spatia integration. The
objective is both to characterize processes that involve difficult or expensive
measurements and to monitor changes in large-scale processes such as the
wind- and water-borne transport of soils and the movement of biota. The
proposed IGBP transects, plus the existing or proposed large-scde surface
experiments (e.g., HAPEX Sahel, BOREAS, LAMBADA) already total the
appropriate order of magnitude. The spatial scale for these sites should
include a core area on the order of a leat 10 km?, and studied surroundings
of 10* km? or more. In principle it is not essentid that al of the members of
this level have a permanent existence, though it would be beneficid if a lesst
some did.

LEVEL Il sites consist of major research centers, usually with a biome,
regional or crop focus. There will be at |east one (preferably two or three)
centre in each of the major biome types (about 20) and a centre for each
mgor crop and plantation forest type for a globa tota of the order of 100.
The emphasis a this level is on understanding processes and on the way
processes respond to globa change. To provide access to mechanisms, they
will involve manipulaive experiments in addition to monitoring. Stes a this
level will be wel-equipped and doaffed, with saelite dtations or experiments.
Hallmark measurements added at this level will include diurnally resolved
weather, isotopic studies of soil nitrogen and carbon, and continuous
monitoring of fluxes of CO,, water, and energy. For larger countries, there
will be one or afew sites per country. For smaller countries, the LEVEL I
dtes will be regiond centers. The CGIAR crop centers would fit into this
level, as would some of the better developed ecologicd research sites in the
US (such as some of the larger LTER), European, and Chinese networks.
Together these dready tota well over 100 dtes. Some centers may need to
be promoted (or sustained) in the less-developed pats of the world.

LEVEL Il siteswill include many of the existing national ecological and
agricultural  research  dtations. Their purpose is to provide dynamic data a the
sub-annual level (eg., phenology, net primary production) as well as a spatid
context. LEVEL 111 sites will be of the order of 1000 facilities that each
cover areas of approximately 10 km?.  Sites at this level will provide a
broadly distributed reference remote sensing as well as direct links to wesather
dation data It isalso the level of direct linkage to weather stations and
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cdibration of remote sensng. They will have small permanent staff and
modest facilities (e.g., a weather station, balances, drying ovens,
communications). Because an approximate balance across biomes, agro-
ecologica regions, and farming system types is a high priority, these stes will
need to be selected with care. At this level, however, it is not necessary tha
al ecosystems be represented in proportion to their extent. Probably at least
80% of these doations dready exis. Where gaps occur, especialy in the
developing world, international efforts may be needed to develop new
gations.

0 LEVEL IV sites will be systematically placed in approximately 10,000
locations.  This meansthat at |east a portion of them will be in difficult-to-
access locations. It is therefore important that permanent staff are not
required, and that the data can be quickly and cheaply obtained through a
combination of occasiona visits (once every year to once every few years) and
remote sensing. The measurements, which will include assays of totd soil C
and N, management system, and species identities, must have low equipment
and technical demands. LEVEL IV sites will consist of precisely geo-
referenced sample points possbly as smadl as 1 ha extent. These will mostly
be new, although some countries already have networks in place or in the
planning sage.

A summary of the proposed system is presented in Table 2.

8.3 Measurement  Strategy

83.1  The proposed measurements are intended to capture essentid eements of the datus
and dynamics of teredtriadl ecosystems. The hierarchical system of proposed measurements
acknowledges the fact that essential measurements span a range of spatial scales and that
measuring some of the essential parametersistoo expensive or difficult to be replicated
everywhere.

8.3.2 The proposed measurements are gpproximately equaly distributed among parameters
related to hiogeochemigtry, land use, biodiversty, and climate. This emphass reflects not
only the charter of GTOS and the terrestrial component of GCOS but also the broad

recognition that al of these classes of parameters are mgor responders to and controllers of
globa  change.

8.3.3 The gpecific ‘measurements that the Panel proposed capture fundamental aspects of
biogeochemidtry, land use, biodiversty, and climaie. Detalled justification of the individud
measurements will need to be made subsequently.

8.3.4 Issues of data management will require careful planning. Maintenance of nationd
data systems may provide a way to utilize existing dructures, though these will need to be
upgraded in some cases and transferred to second countries in others. The LEVEL Il gtes
could serve as nationd or regiona data centres.

12



LEVEL EMPHASIS EXAMPLES OF VARIABLES

| A) Spaid integration |i)  dynamics of landscape units

i) trangport of soils and nutrients

iii) airborne flux measurements

Iv) planetary boundary layer flux methods

B) Point measurements|i) trace gases

I A) Spaid integration i) population structure
i) continuous tower flux of CO, H,0, energy
iii) soil moisture

B) Point measurements|i)  diurnadly resolved westher
i) complete radiometry

iii) isotopic soil and plant studies
1 A) Stocks and fluxes i) NPP

i) biomass

iii) soil Cand N by depth

iv) atmospheric deposition

B) Land use i) management system (cropping, tillage)
ii) fertilizer and irrigation

C) Spaid integration 1) bio and geo diversty
I1) habitat spatial structure

D) Point measurementg i) leaf chemidtry.
i) phenology

E) Daily weather i)  precipitation

i)  temperature

i) wind

iv) shortwave radigion and PAR

| v A) Point measurementg i)  decadal soil C, N, depth, bulk density

B) Land use i)  land cover and land use type
ii) disturbance
C) Biodiversity i)  decada enumeration of vertebrates,

invertebrate groups, plants, & microbes
l) decadd datus of invading species

D) Weather i)  interpolated monthly climaie from nearest
dations

Table 2. Proposed 4-level hierarchicd gSte scheme for a global surface observation system
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8.3.5 Appendix 3 provides an initia description of the requirements for surface
obsarvations to support the use of saellite data It seems clear that the system of ground
sites described in the present section can also in principle provide much of the support
needed for satellite observations.

8.4 Ste  Sdection

8.4.1 The objective is to take maximum advantage of existing facilities while sill insuring
an gopropriate globa didribution of measurement Stes. The different objectives associated
with the LEVEL | through IV facilities impose different criteria for dte sdlection.

8.4.2 LEVEL | sites: These mgjor, intensive sites should be located with a primary
emphass on feashility, on the spatid diversity of regiond ecosystems and land-use patterns,
and on the avalability of regiona process integrators like appropriate watersheds. Capturing
the entire range of the earth's maor biome types is a criticd priority, but the locaion of the
installation within each biome should be opportunistic. At present, there are probably no
dtes that function regularly as LEVEL | ingdlaions, but the upgrade from exigting facilities
to LEVEL | will only involve modest changes in the programmes at some sites.
Measurements a the LEVEL | dtes will be a subset of the measurements of the mgor land-
urface experiments (HAPEX, FIFE, BOREAS, BALTEX, ec.), though the trangtion from
intensive field campaigns to continuous monitoring will require careful planning.
Several of the LEVEL | sites will probably be drawn from the sites of past or present
experiments, including perhaps BOREAS (boreal forest - Canada), ABRACOS (tropical
evergreen forest - Brazil), ARCS LAII (Arctic tundra - US), Harvard Forest (temperate
mixed forest - US), Oasis (dryland agriculture - Australia), and HAPEX (tropical
grassland/scrubland « Niger). The actud stes will probably consst of core areas of 100 km?
or less, plus a surrounding region of 10* - 10° km?. It is critical to design LEVEL | sites so
that they include arange of LEVEL I, 111, and 1V sites.

8.4.3 LEVEL Il Sites: The 100 or so LEVEL Il sites will be chosen to include the
eath’'s magor climate zones, ecosystem types, and land management prectices. The actua
siting will depend more on existing infrastructure and feasibility than on strict spatial
guidelines, but the priority on capturing the broad range of ecosystem types may require
developing some new stes, though not more than about 20% of the totd.

8.4.4  Sincethe proposed measurements emphasize a mix of point measurements and
spatid  sudies, the spatial context for each ste will be a priority. The best spatid contexts
will include large enough regions of relatively homogeneous ecosystems to dlow careful
assessments against remote sensing, but enough diversty to dlow access to a broad range
of ecosystem structure and dynamics.

8.45 The LEVEL Il Sites will serve as primary locations for capacity building in
developing regions.  This capacity building will range from collaborative research
programmes in relatively developed aress to basic courses, student exchanges, and structured
fidld experiences in lesser developed sitess Much of the emphasis will be on training the
scientits who will manage the LEVEL Il and LEVEL IV stes. Some of the gting decisons
will be adjusted to reflect the needs for traning and access in developing regions.

8.4.6 LEVEL Ill Sites: These are the sites that are most congruent with the existing
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networks of agriculturd and ecological research dations in China, Europe, the US, and other
countries. The requirement for permanent staffing and frequent measurements will
necessitate locating the Stes where there is reasonable access, funding, and interest. Though
there will be aneed for some sites in unrepresented areas, the number of new sites at this
level should be asmall fraction of thetotal. Since these dtes will provide a primary link
with remote sensng observations, sdlection criteria will include an emphass on reasonable
spatid  homogeneity over the scde of a few km, but this emphasis should not preclude the
selection of sites in mountainous zones or in regions with heterogeneous land use or
disturbance,

8.4.7 LEVEL IV Stes For these stes, spatid representativeness is the highest priority.
Because the measurement suite is limited and access is infrequent, they can be Sted wherever
necessary to ensure representativeness. With on the order of 10,000 gtes globdly, there will
be gpproximately one dte every 100 km, though the question of whether the best sampling
design is drictly regular will require a careful assessment of the datistica issues. A few of
these dtes may be edtablished research sations, but al should be subjected to the prevaling
local management. In fact, it may be best to guard the locations, so that the land
management is not adtered in response to the research datus. It may aso be appropriate to
continuoudy add gtes so that impacts of the research designation can be estimated. If each
of the LEVEL Il stes sarvices a number of LEVEL IV gtes the LEVEL IV monitoring will
have minima impacts on personngd and equipment reguirements.

8.5 Capacity Building

8.5.1 The training potential represented by the LEVEL Il sites will be an important
component of capacity building and should make a contribution toward the establishment of
sdf-aufficent LEVEL 1l and IV dtes in developing regions. There will, however, be some
regions that are s0 poor or o politicAly unstable that no monitoring Sites will be established
internally.  Where possible, the international community should consider developing
monitoring stations, especidly LEVEL IV stes, in these regions, but the datistical issues of
missing regions should also be addressed.  Establishing the relevance of the proposed
measurements for locad and regiona issues can make mgor contributions toward motivating
the edtablisnment of gtes in developing regions.

9. GLOBAL AND REGIONAL SCALE OBSERVATIONAL REQUIREMENTS
9.1 [ntroduction

9.1.1 The Panel recognized the need for the comprehensive design of a terrestrial
observation sysem, which includes the integration of saellite remote sensing, and in Situ
observations. The Panel noted that previous documents from GCOS went a considerable way

to defining the drategy for the satellite-based component.

9.2 Data Acquisition Strategy

9.2.1  As longterm programmes, GCOS and GTOS require a long-term, comprehensive
drategy of observaions from space. The drategy should be developed in close consultation
with the research and operational user communities. It needs to take into consideration
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programmes presently underway and planned, to identify gaps and work out ways of
addressing  these.  Although the actual data acquisition is carried out by national space
agencies, coordination through an internationa body such as CEOS will help congderably
in ensuring that a comprehensive acquisition programme is established and maintained.
Continuity of measurements must be a high priority in formulating such a programme,
epecidly with regard to @ minimum set of criticd variables.

9.2.2  The devdlopment of a long-term drategy should be based on a criticd examination
of data requirements identified by the user groups. The degree to which these requirements
may be met by present or planned, approved satellite missons may then be determined by
consdering the parameters of the platforms and sensors of interest. For data meeting this
test, arrangements must be made with space agencies operating such satellites for the
acquigition and archiving of these data For criticd data needs which are not met by present
or planned satellites, the feasibility of obtaining the data from space platforms should be
determined. A potentid satellite misson concept should be developed through discussions
within the GCOS and GTOS communities and presented to the relevant national space
agencies and internationa bodies such as CEOS.

9.2.3 A crticd example where an effective data acquistion drategy is urgently needed
relaies to high resolution saellite data essentid for reiable land cover/land use information.
The absence of a coordinated acquistion dstrategy means that for many time periods large
aess of the world have few high resolution data, consderably hindering the monitoring of
trendsin global land cover and use change.

9.3 Archiving and Access

9.3.1 The maintenance of long-term archives and access to the data are critically
important for the success of GCOS/GTOS. Agreements are required to ensure that the useful
data are achived indefinitely, are properly documented, and are readily avalable to the user
community. From the user's perspective, the cost of the data is one of the most important
condderations, and in the end it will decide whether the data are used or not. An example
of a successful programmes to establish consistent long term data archivesis the U.S.
Pathfinder Program for data from several sensor systems such as the AVHRR. Safely
achiving data sets has not aways been achieved, for example many of the Landsat data from
the 1970's have been permanently logt.

9.3.2  The above requirements for archiving and access are not unique to GCOS and
GTOS, and they rase a number of complex financid, policy, and coordination issues. Other
international  groups address these in detall, most notably the Internationd Earth Observing
System (IEOS). Regarding data costs, IEOS proposed the COFUR principle (Cost Of Filling
User Request) for research and applications users, and it developed a set of guiddines for
esablishing the costs of a given data type. GCOS and GTOS should work closdly with these
groups to ensure that the long-term data needs are met.

9.3.3 The GCOS/GTOS strategy for archiving and access must first ensure that useful
satellite data presently archived by various agencies, especidly the oldest data sets, are not
lost or rendered inaccessible over time. This will require the assistance of the research
community and of the nationd agencies and internationd data centers maintaining the data

Secondly, a comprehensive strategy for future data collection must be developed, using
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exising agreements or mechanisms to the full possble extent. This srategy should then be
refined in collaboration with the space agencies and submitted for adoption to the appropriate
bodies.

9.3.4  Access to data is a times severdly hindered by pricing policies. Recent efforts by
CEOS to define policies so that satellite data for scientific environmental use is made
avalable a relatively low cost are welcomed and should be extended beyond the current pilot
projects underway in coordination with the 1GBP.

9.4 Prioritv Data  Sefs

9.4.1 Priority data sets are those data which are important to several GCOS/GTOS
objectives, and are or can be made available within a short time period so that they can
conditute part of the IOS. Appendix 3 summarizes the requirements for a number of key
land variables. Therationale for and parameters of these data sets are described below,

using a modified format developed at the GCOS JSTC-11 meeting. Additional tables of
variables were developed in “Towards a Global Terrestrial Observing System (GTOS)“,

IGBP Report 26.

9.4.2  As Appendix 3 shows the obsarvations fal into a number of categories. Categorical
dataon land use and land cover are crucial variables. Because of the smal sze of units of
change, monitoring change will often require high spatid resolution data if relisble estimates
of change are to be obtained.

9.4.3  Severa variables needed to characterize and estimate the photosynthetic and
evapotranspiration processes of vegetation are required including the seasonal vegetation
index profile, the fraction of photosyntheticaly active radiation absorbed by the vegetation,
the lesf aea index and the amount of incoming photosyntheticaly active radiation.

9.4.4  Observations of biomass are adso needed though accurate estimates chalenge current
remote sensing capabilities.

9.45 Snow cover and snow water equivdent are crucid cryospheric variables required
by many modédlers.

9.46 A high qudity topographic data base is essentid for a wide range of requirements
and will have to be developed if the full potentid of future observation systems such as EOS
areto berealized.

9.4.7  Another essentid globad data base relates to soil properties which have to be made
avalable in conggent spatidly comprehensive forms for many moddling activities.

10. THE INITIAL OPERATIONAL SYSTEM - TERRESTRIAL COMPONENT
10.1 Development of a comprehensve description of the Initid Observation Plan was

beyond the grasp of the first meeting of the Pandl. Neverthdess a number of key dements
were  recognized:
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a) the need for an international coordinated hierarchicd sysem of sample stes for
surface  observations,

b) the need for continuing data from both fine and coarse resolution remote sensing
systems;

¢) the need for improved globa topographic and soils data bases,
d) the need for information systems to handle the in Situ and remotely sensed data

10.2 Aninternational hierarchical system of sample sites for surface observationsis
required. This can be built on the numerous existing sites found throughout the world where
obsarvations are currently being carried out. Considerable internationa coordination will  be
required to ensure consstency in the observations made a these Stes.  Surface dSites are
essentid for the reliable observation of the complex interactions associated with both natura
and anthropogenic  drivers. They are adso essentid to assgt the cdibration and interpretetion
of sadlite daa

10.3 Surface meteorological variables should be provided through the WWW, probably
with some changes in the form of their products to ensure that users of GTOS obtain the data
sets they need.

10.4 Satellite data from sensors with spectral bands in the visible and near infrared
capable of being used to monitor the photosynthetic activity of vegetation are essentid both
for the insight they give to the functioning of vegetation systems, but aso because they are
needed for estimating the fluxes of energy and water between the atmosphere and land
surface. Such sensors have to collect data on a daily bass so that data sets can be assembled
such that the obscuring effects of clouds are minimized. Current uncaibrated systems, such
as the AVHRR, provide subgtantid problems for users. Future cdibrated and radiometricaly
more sengitive sensors (e.g., MODIS of the EOS, the Vegetation instrument of SPOT 4, and
the ATSR of ERS-2) should provide a basis for the I0S. The AVHRR instrument will
continue to be of considerable importance for the IOS due to its unique length of data record.
However, considerable effort should be devoted to ensuring the dtability of overpass time of
polar orbiters carrying these sensors.

10.5 Fine gpatid resolution sensors will be an essentid component of the I0S epecidly
relding to ther role in monitoring globd land cover and land use change. Several  sensor
systems currently are in orbit or are scheduled to be launched which can contribute to the
fulfilment of this role these sensors include the HRV of SPOT, the Thematic Mapper of
Landsat and sensors on board Indian and Japanese satellites. Experience has clearly
demongrated that in the case of data from such systems the existence of sensors in orhit is
no guarantee tha the needs of the scientific community will necessarily be met. Aspart of
the I0OS acquisition, archiving and processing strategies must be developed along with the
formulation of pricing policies to ensure that data are avalable with gppropriate tempord
frequencies and sufficient spatid coverage.

10.6 As well as the observations made with saellite and surface systems it is necessary

that data sets describing less dynamic components of the environment are aso collected. In
particular the Panel recognized the importance of a globa topographic data set and improved
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globd soils data bases as essentid for the IOS.

10.7 Data and information systems to process, handle, archive and distribute the data
from both the surface and satellite components of the IOS will have to be developed. It will
be necessary to develop systems which facilitate: (1) the integrated use of in situ
observations collected throughout the world; (2) the integrated use of satellite observations
from sensors from different platforms including those from different space agencies, (3) the
integration of sadlite and In Situ observations, and (4) provision of data in forms readily
assimilated by models, monitoring and early warning systems.

11. IMPLEMENTATION  PLAN

111 Considerable additional planning work is needed to create a workable
implementation plan: in paticular discussons are needed between the TOP and the Space
Obsavationd Paned of GCOS and the Data Management Pands of GCOS and GTOS.

11.2 The Panel recommended that the Surface Measurements programme and its
development primarily be the responsibility of GTOS (in consultation/cooperation with
GCOS) given the amount of detailed ecological observations required. An appropriate
international  agency needs to be identified to take on the responsbility for implementing this
component.

11.3 In Stu observations of meteorologica observations clearly should largely be carried
out through the World Weather Watch, though there must be efforts to ensure that the users
outsde of the forecasting communities receives data sets in forms more agppropriate to their
needs.

11.4 For effective implementation of the plans of GCOS and GTOS their roles reative
to other related activities need to be under continuous review. For example, the development
of the World Hydrological Cycle Observing System (WHY COS) must be considered in
relation to GCOS and GTOS.

11.5 Many of the remote sensing components of the IOS are ether in existence or there
are firm funding commitments for their implementation. Currently of greater importance
than the availability of the hardware is to devel op policies and funding to ensure that data
sets are acquired, archived and made available to users of GCOSGTOS in forms and at

prices that allow them to fulfil their goals.

11.6 Some components of the 108 are not firmly secured even in principle. These
include the globa topographic data base and the globd soils data base. Strong efforts must
be mounted to ensure that the agencies capable of credting these data bases clearly understand
the needs of GCOS/GTOS, and that the appropriate data bases are created in a timely
fashion.

11.7 The draft version of the IOS needs to be discussed with the sponsors of GCOS and
GTOS to ensure that its recommendations meet their needs. Liaison with international
coordinating bodies such as CEOS should be caried out through the representation of GCOS
on their committees and working groups and through relevant components of the sponsoring
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agencies such as the IGBP and UNEP-GRID.

11.8 Associated with the successful implementation of the [0S, there are a number of
issues especidly relevant to developing  countries:

a) the inditutional capacity of national research and operationd Systems needs to be
developed and drengthened to permit many countries to actively participate in the
GCOS/GTOS programme;

b) it will be essentid to edtablish Stes within research or operationd inditutions with
the necessary equipment and expertise. It will also be necessary to provide training
to develop the capacity of the loca scientific and technica communities;

¢) to devdop modes experts from different regions of the world should be invited to
participate. In this way core groups may be formed to address particularly
important classes of model problems. This will be mog effective if moddlers from
developed and developing countries are able to collaborate. Some institutions
providing such opportunities are now under discussion, particularly regarding
seasond-to-interannua climate  models;

d) sinceitisessentia to obtain long-term data from selected sites, funding for an
extended period must be marshdled. In many cases, nationd governments may be
unable to fully provide such financid support and it will need the co-operation of
other countries or international agencies. As part of the GCOS/GTOS strategy,
assgance should be made avalable to obtain needed resources.

In implementing these issues with regard to devel oping countries use should be made, as
appropriate, of existing international programmes such as the joint training and research

activity of START co-sponsored by IGBP/WCRP/HDP and UN programmes such as
UNITAR.

12. PANEL REPORT AND RECOMMENDATIONS

12.1 The Terresrid Observation Pand identified as a high priority the need to develop

a baanced integrated sysem of ground and sadlite terrestrid observations to fulfil the gods
of GCOS and GTOS.

12.2 A review of the needs of various modeling activities was carried out by the Pandl.
From this review it is recognized that the models had a very wide diversity of observationa
requirements in terms of spatiad, tempora and accuracy of terrestrid observations and that
no sngle st of obsarvations will meet al needs.

12.3 Only a patid review of mode needs was caried out and will need to be expanded
in future meetings to consder models such as terredtrid effects and ecologicad models.

124 In terms of in Situ observations the Panel recognized the extensve amount of data

currently being collected throughout the world, but noted the absence of an overdl strategy
with respect to sampling and definition of the observations that need to be made.
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125 A globd hierarchicd system is proposed for the collection of surface observations,
characterized by four different levels of increasing intensity and sophistication of
obsarvations, with these increases the number of Stes decline. At leve IV it is anticipated
that there will be 10,000 stes worldwide, whereas a level | there will only be between 10
and 50 gites.

12.6 This surface system should take maximum advantage of existing facilitieswhile
ensuring a representative set of the Earth’s surface properties. To ensure the latter will
require capacity building in  developing countries.

12.7 The surface measurements programme and its development be primarily the
responsbility of GTOS in consultation with GCOS, given the amount of detaled ecologica
obsarvations required. An gppropriate international agency needs to be identified to take on
the responghility for implementing this component.

12.8 Fine and coarse resolution data from existing remote sensing systems have the
potential to satisfy the needs of many users, but the resultant data sets have substantive
limitations due to factors such as acquisition strategies, pricing policies and changing
overpass times of satdlites.

12.9 The Pand recognized the improvements in the avalability of long-term data sets
produced by data reprocessing and recommended efforts should be continued to maintain
exising data sets and to improve the internd spatid and temporal characteristics of other data
Sets.

12.10  Reduction in the diversty of formats of remotely sensed data is recommended.
12.11 Requirements for high priority observations have been identified. Some crucial
variables remain difficult to observe reliably: notable among these are soil moisture and
biomass and research is recommended to improve their quality.

1212  Existing globa data sets of topography and soils remain inadequate for many
requirements and steps to improve thelr quality are proposed.

13. CLOSURE OF MEETING

The meeting closed a 3.30 pm June 30th 1994
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Terms of Reference for the GCOS/GTOS
Terrestrial  Observation  Panel

Recognizing the need for gpecific scientific and technical input concerning terrestria
obsarvations for climate purposes, the Joint Scientific and Technicd Committee (JSTC) for
the Global Climate Observing System (GCOS) and the Ad hoc Scientific and Technical
Planning Group (STPG) for a Global Terrestrial Observing System (GTOS) have jointly
edablished a Terredrid Observation Pand with the following terms of reference.

Terms of Reference:

o

In accordance with the GCOS Plan, and in cooperation with the GTOS STPG, to
plan, formulate and design a long-term systematic observing system for those
terrestrial properties and attributes which control the physical, biological and
chemica processes affecting climate, are affected by climate change or serve as
indicators of climate change, and which are essentia to provide information
concerning the impact of climate and climate change;

To review the needs of the user communities for climate related data and to ensure
timely provision of data sets at appropriate space and time scales and in suitable
forms, paying paticular attention to the needs of developing countries,

To develop a drategy based on the concept of the Initid Operationd System (I0S)
which includes the assessment of existing operationa systems, the determination of
deficiencies and the recommendation of necessary enhancements, and a
comprenensive data system;

To seek review and support for implementation from other relevant research or
operationd programmes (eg, WCRP, 1GBP, WWW, GAW, WHYCOS, GEMS
GRID, etc.) and to collate, review, publish, and prioritize data requirements and
obsarving  system  specifications;

To coordinate activities with other GCOS and GTOS panels and task groups to
ensure consistency of requirements with the overal programmes,

To recommend actions to address the gaps in present and planned systems,
To report regularly to the JISTC and STPG.

to accomplish the paned will:

Determine and document Sgnificant user/participant  needs;

Review existing reports and studies concerning requirements for the
terrestrial/ecosystem messurements to meet climate objectives of GCOS/GTOS;
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0 Review the current and planned observationa eactivities of:

i) the relevant core projects and activities of WCRP (eg., GEWEX, ISLSCP,
ISCCP, etc.) and IGBP (e.g., GCTE, BAHC, DIS, GAIM, etc.),

i) the Human Dimensions of Global Change Programme (HDP) (especially
those on land use and land cover change),

i) relevant programmes of internationa agencies (e.g., ICSU, WMO,
UNESCO, FAO, UNEP);

0 |dentify mgor gaps in current and planned observing systems, propose prioritized
options to address these gaps,

0 Review existing information systems, particularly regarding their capability to
provide the climate community with the terrestrid/ecosystem data needed;

0 Review exising mechanisms to implement measurements and data management,
asess their ability to meet existing and foreseen needs for terrestrial/ecosystem
data, and recommend mechanisms as agppropriate;

0 Publish and update GCOSGTOS dudies as planning documents,

0 Make recommendations as appropriate.

Chairman: Dr. John Townshend, USA
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LAND OBSERVATIONS FOR GENERAL CIRCULATION MODELLING

A 1.1 Validation

A 1.1.1 A didinction has to be drawn between numericd weather prediction (NWP) modes
and general circulation models (GCMs). NWP models predict a future state of the
atmosphere on short time scales (of the order of a few days), based on a set of initial

conditions. Ther initid conditions ae derived from modd fields incorporating assmilated
observed data a the initid time. Vdidation is caried out by comparing mode predictions
of amospheric date a the find time with observations.

A 112 GCMs, on the other hand, smulate the evolution of the atmosphere over long time
scales, of the order of years. Because the amosphere is a chaotic system, predictions of
actual future instantaneous atmospheric states cannot be made with any confidence over
periods longer than a few days. Validation of 5 cm output is therefore carried out by
comparing model output fields with multiple-year averages of observed fields (usually
summarized as monthly averages). These must be provided on global grids, at resolutions
equa to or grester than the modd grid. At present this is generdly quite coarse for GCMs
of the order of 3-4° in the horizonta; however, in order to fulfil future needs in anticipation
of increasing or variable model resolution, observational data will probably be required
within the decade on scales of the order of a few (I-50) km.

A 1.1.3 Large-scale features of the free atmosphere can be validated using NWP model
output obtained by 4-dimensond data assmilation of observed vaiables However, the
terrestria and near-surface fields (surface fluxes, soil moisture, screen temperature, etc) are
not useful for validation, since they are heavily influenced by model parameterizations of
unresolved, sub-grid scde processes, and ae therefore highly model-dependent. Vaidation
of scan-generated surface fields must therefore be undertaken on the basis of remotely-sensed
data and surface observations.

A 114 Daa reaing to the surface therma regions, such as surface radidtive temperature
and albedo, are fairly readily obtainable from satellite observations, which are essentially
measurements of radiance.  Work along these lines (such as the SRB project) is heartily
endorsed by the Terredrid Observetions Pand. -However, data relating to the hydrological
cycle present a much more difficult problem. The following variables, roughly in descending
order of importance, condtitute a short list of basc information required for vaidation.

a) Precipitation. This parameter derives the land surface hydrology in the same way that
incoming solar radiation drives the surface therma regime. It is, unfortunately, aso one
of the mogt difficult variables to measure in a spatidly comprehensve manner. Thework
ongoing under the GPCP is endorsed in this regard.

b) Runoff. On an annua time scale, the correct simulation of surface runoff, together with
precipitation, provide indirect validation of the surface evapotranspiration rate. The
collection of runoff data also presents for fewer problems than that of evapotranspiration,
which is both difficult to measure and highly spatidly variable. The efforts of the GRDC
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in this regard are commended, and countries worldwide should be encouraged to
contribute to the database. To complement the database, however, two things are
required: a globd digitd map of basn boundaries for the catchments being monitored,
and a series of corrections to the raw data, describing the amount of water removed from
the river for human use (irrigation, municipd water supplies, €fc.).

c) Snow mass. The ongoing collection of snow extent daa using vishle sadlite imagery
provides useful first-order validation data for snow modelling in GCMs. However the
actual modeled variable is snow mass (water equivalent). A rigorous validation of the
performance of GCMs with regard to the simulation of snow requires the development
of a long-term database of snow mass.

d) Soil moisture. Climate smulations, unless multi-decadd, can be makedy senstive to
iniid  soill moidture, particularly for deep soils. Ongoing efforts to produce globd soil
moisture climatologies ae therefore to be encouraged, despite the problems of gpatid
heterogeneity. This item is placed at the bottom of this list, not because it is not
important, but due to the severe difficulties associated with its measurement. An
aternative to direct observation might involve the modelling of soil moisture on a
continuing basis, usng a high quaity soil data base, updated meteorologicd observation
(eg., from the World Weather Watch) and condraints based on streamflow records.

A 1.2 Boundary Conditions

A 121 To enable the redisic modeling of surface fluxes, the characteristics of the land
surface must be specified in such away as to reflect as accurately as possible ambient
conditions. Information is therefore required on land cover, vegetation characterigtics, and
soil  parameters.

A 122 Land cover can, a the smplest level, be divided into water, ice, urban area,
vegetation and bare soil. At the next level, “water” can very usefully be subdivided into
lakegrivers and wetlands and “vegetation” into broadleaf trees, needle leaf trees, crops and
grass. This basc information is required to enable a reasonable and redidic treatment of
sub-grid scale surface heterogeneity. A reliable topography database will also become
increasingly important as GCM  resolution  increasss.
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HYDROLOGIC OBSERVATIONS FOR BIOSPHERIC MODELLING

A 21 There ae a wide range of needs for hydrologica purposes as such. In the present
appendix we congder only those required for the hiospheric modéling.

A 2.2 Runoff

A 2.2.1 Global biospheric priorities for hydrologic data are somewhat different than
hydrologists  define.  For example, although the Global Runoff Data Centre is organizing
river discharge data sets, biospheric models need areal gridded runoff estimates, not point
data from river mouths. Also, river carbon and nutrient transport from land surfaces are
needed by globad ecologists. This biogeochemica data is not commonly teken a standard
hydrographic ~ dtations.

A 2.2.2 Accurately defined spatialy gridded precipitation and runoff can, by standard
hydrologic mass balance logic, provide the only spatial evapotranspiration data estimates
possible. Given sysem capacitances, no more than monthly time resolution of these runoff
and ET data may be possible. However the hydrologic and bio-geochemical cycle (BGC)
models require daly precipitation data for driving models.

A 23 Surface Wetness

A 231 Although for many ecologicd purposes soil moisture to -2 m depth is preferred,
some utility of a surface wetness variable can be defined. Of course surface energy
partitioning reacts most quickly to surface (as opposed to soil profile) wetness. Also  nutrient
decomposition, trace gas fluxes and seed germination are ecologica processes where surface
wetness would be useful if avalable spatidly a high time frequency. A daly globd surface
wetness observation may be possble from satelite born active radar or passve microwave
Sensors.

A 2.4 Evapotranspiration

A 2.4.1 Most globa biogeochemistry models compute ET, at anywhere from daily to
monthly time seps. Recent technologica advancements now make the concept of a globa
water (and CO,) tower-based flux network possible.

A 242 Although redigticdly only approximately 10 stes may be possble to support this
technology and cost, even a well distributed 10 sites of continuous annual ET would be
immensely valuable for calibrating and/or validating globa biospheric models. The
IGBPIBAHC project is taking the lead of hogting a workshop to advance this idea of a globd
continuous  flux network.

A 25 Surface Meteorology

A 2.5.1 The WMO WWW co-ordinates the daily surface weather observations
(approximately 30,000 daly reports) in addition to other amospheric observations. These
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rav data are transmitted via a global telecommunications system to various weather service
offices around the world, and incorporated into models for weather analysis and forecast
products for subsequent distribution. Limited error checking, missng data filing, caibration,
gtic. are done consgtently. However, for purposes of terrestria/ecosystem use, many of the
observed varidbles should be organized, archived and made avalable in dternative formats.

A 252 Thee are two primary additiond requirements by the globa biospheric modeling
community. Fird, the raw point data needs to be spatidly extrapolated to a globd grid, to
a suggested 05 x 05 degree resolution. This spatid extrgpolation and averaging should be
done in the context of a globa topographic database.

A 253 Second, the dandardized daly maximum-minimum temperature and precipitation
ae only a patid st of needed varidbles The highest priority for biospheric moddling is
daily incoming short-wave or PAR radiation, and absolute humidity, with wind speed and
direction a lesser requirement. The derivation of radiation and humidity data from the
origina temperaiure and precipitation observations needs to be done with a consgtent logic
and dgorithms. To some extent the globa 4DDA forecasting models are the closest current
methodology for ingesting daily observations, error checking, spatial extrapolation, and
derivation of additiona variables. GCOS may want to archive and distribute a quality
controlled 4DDA output as agloba surface daily climatology. The IGBP BAHC Focus 4
“Weather Generator” project is exploring these issues.

A 254 The importance of infrequent extreme meteorologicd events is possibly unique to
biospheric science. Minimum  temperature extremes, particulally frost events, have profound
control over vegetation. Wind extremes such as hurricanes occasondly but substantidly
dter  vegetation. Mgor flooding events or particularly intense periods of precipitation aso
ae quite important. It is essentid that archived climate data must not be aggregated if the
result is to remove the record of such extreme events.
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KEY OBSERVATIONS REQUIRED AT
GLOBAL AND REGIONAL SCALES IN CONTINUOUS FIELDS

A 31 This appendix lists in Table A 3.1 some of the key land variables needed as
spatidly continuous data sets. This represents an incomplete provisond daiement.  Some
key variables have not yet been included such as soil moisture and not all sections are
complete.  This information is included in this incomplete sate to indicate the direction of
the GCOSGTOS Terredrid Observation Pand  conclusions.

A 32 Surface observations to support satellite observations

A 3.2.1 Surface observations to support satellite data analysis are required by scientists
developing or vdidating agorithms for extraction of biophyscd paameters from sadlite
data; individuas responsble for the production and quality control of such parameters from
satdlite data will adso require such data

A 322 Sadlitederived quantities for surface monitoring ae usudly retrieved quantities,
not the basc measured radiances. The retrieved quantities range from standard geophysica
parameters such as surface temperature, to simple indices such as vegetation index and

percent ice cover, presence or absence quantities like snow cover, or complex derived

surface properties such as land cover type or leaf area index (LAI). The agorithms for

deriving these quantities vary in complexity, but al involve calibration, cloud detection,
correction for viewing and illumination geometry, and retrieval. Even the most carefully

designed agorithms can introduce biases in the product, and ongoing changes and

improvements to agorithms that occur in any operation can affect the nature or magnitude
of the biases.

A 3.2.3 Episodic environmental events such as volcanic eruptions, changes in sensors,

spacecraft orbit drift, etc., can all affect the stability of the measurements and must be
removed to achieve a climate-quality time series data set. When routine conventional

observations are available they can be used to overcome the problems in calibrating and
vdidating long-term data sets. The satellite atmospheric soundings are continually matched
to radiosondes and the retrieval system periodically tuned. For example the AVHRR sea
surface temperature product is tuned to a set of continualy operating buoys that measure sea
surface  temperature.  These procedures compensate for instabilities in the products. For
some current and planned satellite land surface products there exists a present no acceptable
routine ground observations that can be used to cdibrate, abilize, and vaidate the products.

A 324 The sadlite variables include insolation, photosyntheticdly active radiation (PAR),
albedo, surface (skin) temperature, and vegetation properties. Surface data are thus
important to establish the accuracy and precision of methods for extracting surface
parameters from satellite measurements, and for ensuring that the resulting agorithms remain
insensitive to potential systematic trends which may affect their performance (due to
instrument drift, land cover changes, changes in surface processes or interactions due to
climate, ec.).
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A 325 To be usful, the surface measurements must be obtained over an area, in the time
frame(s) and using methods compatible with satellite measurements. This affects the sze and
location of the area; type, timing and frequency of variables measured; and methods for
recording and reporting the data. The following requirements are proposed:

A 326

dte  characterigicss  insofar as possible, the selected area should be spatialy
homogeneous (or homogeneously heterogeneous, with variability that can be
feasbly quantified) with respect to land cover and use, topography and soils,

geographic distribution:  to validate satellite products for use globally, a
representative range of climates and land cover types should be included. The
distribution needs to be examined in terms of the size and significance of the
individual biomes, key processes taking place, and the feasibility of making the
appropriste  measurements.

Observations required include the following:

global insolation, PAR, downward longwave, upward shortwave and longwave (the
latter two measurements on a tower if avalable);

dandard surface meteorological  observations (temperature, humidity, wind Speed,
precipitation, cloud conditions, snow cover, snow depth) and arelatively nearby
(within about 100 km) radiosonde tation. Precipitation observations should be
made using 4 to 5 rain gauges at each site to reduce the variability. Snow cover
and snow water equivalent should be messured a each raingauge location;

atmospheric aerosol loading or turbidity values for the correction of satellite
radiances,

land cover with spatid resolution 10 - 30 m, classes hierarchicaly compatible with
the globa land cover products but with more thematic detall;

seasond and annual changes in land cover (phenology and disturbance), including
spdtid  didgribution within the ste

vegetation description: vegetation type, dominant species, height, live biomass
(leaves, stems), LAI, soil surface cover, canopy structure

surface and upper ar measurements, including atmospheric transmission (coincident
with satellite data acquistion);

net CO, flux between the surface and the amosphere;
canopy chemistry (lignin and N);

surface  soil  temperature.
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A 327 The frequency of measurement will be varidble, depending on the parameter,
paticulaly for reflected visble radiaion and vegetation index. Saelite observaions are
aea averages, while ground observations are point vaues. This difficulty can be surmounted
by assuming time averages of ground meteorological observaions to be eguivaent to spatia
averagesin the satellite pixel or retrieval target. Therefore the weather observations for
satellite vaidation should be integrated over time intervas of 30 minutes or one hour.

A 328 The minimum aea Sze is likey to be no smdler than 5 by 5 km, and may
be much larger depending on the sensor.

A 329 There is a need to define in detall the measurement requirements and to ensure that
sdected surface gtes meet the criteria and are able to provide the data

A 33 Needs for Soil Characterization

A 3.3.1 Soils are important in global biogeochemical studies because of their chemical
composition (they store 2/3 of terrestrid carbon and are an important source of nutrients) and
physca properties (the role is a porous medium for water storage and movement) and the
interactions between these properties are wha influences the rates of decomposition, carbon
dorage, moisture availability, trace gas production, and nutrient supply. Soil scientists have
developed two types of information, soil maps of regiona and globa coverage, and chemica
and physical measurements on soil pedons, when combined provide important spatial
information concerning soil characteristics. There are shortcomings in both data sources that
limit their current usefulnessin global studies. These shortcomings are addressed by a
couple of internationd efforts that should be encouraged.

A 3.3.2 Currently the best global soil map isthe UNESCO-FAO Soil Map of the World,

recently released in digital forms at a scale of 1:5 million. While this represents a
comprehensve and vauable resource, it does not alow oil classes to be located accurately
enough. Most map polygons contain a mixture of soil types with only genera information

provided concerning their relaive areal extent and no information provided concerning their

location within large polygons. There are plans to develop a new world soil map (SOTER)
d@ a 1 1 million scale and in addition provide precise information on proportions of polygons
occupied by various soil types, topographic postion, and descriptions of their chemicd and
physca  properties. This SOTER project is expected to be completed in 10 to 20 years.

Development of this important resource should be encouraged and supported especidly if its
time for completion of the work could be shortened.

A 333 As an interim project to provide usdble soil information a the globd scae, IGBP-
DIS has initiated a project in conjunction with the maor international and national
organizations concerned with the creation of large area soils data bases to assemble presently
avalable pedon daa and develop methods of representing important soil - chemica/physica
properties spatially using the current Soil Map of the World or an interim SOTER map at
al:5 million scale. Thisis scheduled to be completed in 1998.
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Table A.3.1  Tabuldion of the priority observations needed a globd and regiond scdes
in continuous fields.

L: LAND COVER

Users:

GCM  moddlerss, BGC modelers (globd, regiond), ecosysem moddlers, climate
impact modellers, adso regiond  anadystplanners.

Rationale:

Severa land cover maps are available. However, there are large disagreements due
to different methodologies used to prepare them. What is needed is an adequate
characterization of the gpatid distribution of actud vegetation cover. For historica
periods, current methods probably cannot be improved. For the recent past, present,
and future, land cover will optimally be provided by remote sensing. For spatial
extrgpolation purposes the spatid resolution in generd does not have to be gredt.
One to five km is finer than most investigators are currently using, but not finer than
the scde over which dgnificant variations in vegetation processes occur. It is
important to distinguish land cover categories using criteria related to carbon Storage
and turnover. Olson, et d (1984) suggested a scheme that resulted in about 30
categories that included posshilities for mixed pixeds a a 05 degree resolution. At a
finer gpatid scae and using different methods or tools, other classfication schemes
will undoubtedly be necessary. However, it is thought that 20 - 40 categories of land
cover would be adequate. For wetland categories that have specid carbon dynamics,
higher spatid resolution may be required. A rationde for change detection and
parameters is  required.

Frequency of measurement:

Full mapping: Once every 5 years, Change detection: Annua

(Note A redly good change detection programme should remove the need for
remapping until a better data source becomes avalable this would mean the change
detection procedure can identify the new land cover type)

Spatial resolution of measurement:

10s: 1 km for globa coverage, 30 m for regiond to loca coverage;
Post-10s : 025 - 05 km for globad coverage, 30 m for regiond to globd
coverage.
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Accuracy/precision required:

Highly dependent on agoplication. For example 80% globa accuracy may be
sufficient for operation of GCMs, but for accurate estimation of changes in carbon
stocks for carbon modelling, accuracies of better than 95 % are required.

R&D needed:

Vdidaion of classfication methodology.

Present status:

Global coverage can be obtained from the Global 1 km AVHRR data set (Io-day
composite images over 18 months) which will be completed in 1995. A methodology
for regiond land cover mapping was demondrated in North America Methodologies
for change detection usng 1 km-type data are under development; this work needs to
be strengthened and expanded to various parts of the globe. Special techniques need
to be used for fire detection and mapping. The further development, validation and
implementation of these should be encouraged.

High resolution coverage is provided by high resolution satellite data (Landsa,
SPQOT, etc.). The methodol ogies for mapping have been well demonstrated.
Methodologies for change detection continue to be developed, with operationa
techniques expected in 2 - 3 years. Sgnificant regiond coverage is feasble with
newly obtained and archived data.

A good representation of wetlands didtribution is especidly important for BGC
dudies. At the globd leve, it will be more reigbly derived by combining satelite
data outputs with soil (possbly aso DCW vegetation and topographic) data.

Action required:

Near term
Endorse completion of the initid globd 1 km AVHRR daa ;
Promote continuation of the Globd 1 km AVHRR project to provide a
continuing series of globd observations,
Promote vaidation of cover mapping methodology for 1 km daa in various
regions,
Encourage development of robust change detection dgorithms.

Mid-term:
Promote expanded use of high resolution data for land cover mapping for
large aeas (nationd to regiond levels);
Promote generation of globa data sets with higher spatid resolution from
existing or new Sensors.
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2: LAND USE 1

Users:

BGC moddlers, ecosysem modellers.

Rationale:

One of the most controversad components relating to the globa carbon cycle
concerns the magnitude of release and upteke of CO, resulting from human
activities. Currently, the mogt authoritative accounting of these fluxes is based
on interpretations of land use datistics compiled by FAO. A more objective
system that can be updated annually, rather than every five years, may be
possble usng remote sensng of land-cover change (possibly combined with
agriculture and forestry production datistics, and socioeconomic  spatid  data
such as population and transportation). Landsat is perhaps one of the most
aopropriate  data streams for land-use monitoring.  While the methodology for
using this data to produce a land-use product is dill a research issue, it is
important that this data stream continue to be archived and made accessble.

Frequency:

Annud, observaions during growing Season.

Spatial:

5 m. 1 km depending on the spatial heterogeneity of land use; at least 30 m for
many  regions.

Frequency of measurement:

Once every 5 years.

Accuracy/precison required:

To be determined.

R&D needed:

Development of regionaly-specific relationships between land cover and land
use. Definition of the lowest acceptable spatid resolution (dso regiondly
secific, depending on land use heterogeneity).
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Present status:

Land use maps have been completed for many specific areas of the world. These
efforts were based on various data sources and are not generally compatible with
exch other. A condsent, hierarchical classfication sysem is presently under

development; this is to be encouraged.

Ftion required:

Near-term
Complete the development of land use classfication scheme
Identify areas of the world for which acceptable and accessble products
exist; compile these into a consstent data base;,
Cary out pilot sudies for filling the criticd gaps in coverage using land
cover mapping procedure and the relaionsnips between land cover and
land use; vaidate preliminary products.

Mid-term

To be determined.
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3. SEASONAL VEGETATION INDEX PROFILE (SVIP)

Users:

Climate, ecosystem, BGC moddlers.

Rationale:

SVIP provides information on the intensity of ecosystem activity during the
growing season, thus permitting estimation of energy and mass exchange with the
atmosphere.

Frequency of measurement:

Dalily.

Spatial  resolution:

10s: 1 - 8 km;
Post-10s: 0.25-1.0 km.

Accuracy/precison required:

Within 10% of true value.

R&D needed:

The main chalenge is to obtain precise corrections for artifacts in raw data (eg.
from sensor cdibration, atmospheric effects, hidirectiona effects).

Present status:

SVIP based on NDVI or SR has been used extensvely in recent years. Two
projects (Pathfinder and the globd AVHRR 1 km project) produce the initiad
data set from which SVIP can be produced. These data sets require further
refinements for use by the modelers. Such methodologies are becoming
avalable but ther further development and vdidation is to be encouraged.
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Action required:

Near-term
Encourage continuation of the global AVHRR 1km and Pathfinder
projects,
Stimulate production of SVIP data sets.

Mid-term
Replace SVIP by derived variables such as FPAR and LAI.
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14.

FPAR

Users:

Climae, ecosysem, BGC moddlers.

Rationale:

Essentid quantity for understanding relaionship between incoming solar radiation
its absorption for photosynthesis and the impact of the latter on

evapotranspiration loca terredtrid  energy  balance, carbon  sequedtration an  other
biogeochemicd  cydling.

Frequency of measurement:

Daily, to derive a product every 10- 30 days.

Spatial  resolution:

10s : 1-8 km;
Post-10s: 0.25+1.0 km.

Accuracy/precison required:

10s: 10-20% of true value;
Post-10s: 5-10% of true value.

R& D needed:

Methods for deriving FPAR need to be developed and validated for different
biomes and different satellite data sources (resolution, spectra bands).

Present status:

Definitive dgorithms ae not yet avalable Methodology development is being
undertaken in various projects (e.g., FIFE, BOREAS). The capability to
produce experimenta data sets has been demondgrated through ISLSCP.
However, these data have not been vdidaied in sufficient detal.
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Action required:

Near-term
Stimulate production of FPAR data sets using ISLSCP or sSmilar
approaches, to provide initial data sets for the user community. These

products should use the best avalable knowledge a the time, the method

should be explaned in detal, and its limitations (insofar as known) should
be outlined.

Mid-term
Endorse and encourage the development and vaidation of FPAR
dgorithms for various hiomes.
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5. LEAF AREA INDEX (LAI)

Users:

Climate, ecosysem, BGC modédlers.

Rationale:

see SVIP.

Frequency of measurement:
10s: Once per growing season in N & S hemisphere (pesk green
period);
Post-10s: Daily, to derive a product every 10- 30 days.

Spatial  resolution:

10s: 1-8km;
Post-10s: 0.25- 1.0 km.

Accuracy/precison required:

10s: 15 « 25 % of true vaue
Post-10s: 5 - 15% of true value.
R&D needed:

Methods for deriving LAI need to be developed and validated for different
biomes and different satellite data sources (resolution, spectra bands).

Present status:

Definitive dgorithms ae not yet avalable. Methodology development is being
undertaken in various projects (e.g., BOREAS). The capability to produce an
experimental data st has been demondrated through ISLSCP. However, these
data have not been adequately validated.
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Action  required:

Near- term
Stimulate production of LAI data sets usng ISLSCP or smilar
approaches, to provide initial data sets to the user community. These
products should use the best available dgorithm, the method used should
be explained in detal, and its limitations (insofar as known) should be
outlined.

Mid-term
Endorse and encourage the development and vaidation of LAI dgorithms
for various biomes.
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|6. INCOMING PHOTOSYNTHETICALLY ACTIVE RADIATION (IPAR)

Users:

Climate, BGC and ecosysem moddlers.

Rationale:

The PAR is the energy source for the growth and development of vegetation.
Through photosynthesis, radiant energy in the 04 to 0.7 mm band is converted
to chemicd energy that is the source of vegetation activity.

Frequency of measurement:

Daily.

Resolution:

5 by 5 km.

10 Watts per square meter.

Accuracy/precison required:

R&D needed:

To be determined.

Present status:

To be determined.

Action  required:

To be determined.
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7. BIOMASS

rse

Ecosysem and carbon modéllers.

Rationale:

Biomass is a key variable in moddling carbon uptake and redidribution within
the ecosystem. Woody biomass is of most interest.

Frequency of measurement:

Once every 5 years.

Spatial resolution:

To be determined.

Accuracy/precision required:

To be deermined.

R&D needed:

Research is required to determine the feeshbility of estimating live biomass from
satdllite data; radar measurements presently offer the best prospect. Imaging

laser sensor technology is dso promisng but no space borne missons are
planned

Present status:

Highly experimental.

Action required:

Near-term

Currently it is uncertain how to obtain biomass data to meet modelling
needs within the next 5 years.

Mid-term:
Encourage R&D on biomass estimation.
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8. SNOW COVER AREA AND SNOW WATER EQUIVALENT

Users:

Climate, BGC modellers.

Rationale:

The presence or absence of snow cover is very important in determining the
nature of the atmosphere-surface interaction. Snow cover changes surface abedo
and surface energy balance. Snowpack liquid water content in some regions is a
mgor input to soil moisture for seasond vegetation growth. Mapping of
permafrost has many similar ecological  uses.

Snow cover dramaticaly changes surface abedo, thus globa snow cover
mapping is clealy important for climate moddling. In addition, snow met, or
the time derivative of change in snow/water equivaence, is important in
recharging soil moisture where it influences evapotranspiration, nutrient cycling,
seed germination and vegetation phenology, among many other biotic processes.
Consequently, the globa mapping of snow melt rates a 5-10 day intervds would
be preferred for ecologica purposes. However, globa organization of such data
may be questionable due to the limited spatid representation of ground snow
Surveys.

A comprehensive dtatement of cryospheric needs is dill required.

Frequency of measurement:

Dalily.

Spatial  Resolution:

50 by 50 km, or finer, if available.

Accuracy/precison required:

Area- nearest 25 by 25 km desirable
Snow water equivaent - 5 mm of water.
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R&D needed:

Present passve microwave agorithms work farly wel in areas with limited
topography and with short or little vegetation cover. Significant problems exist
in forested and mountainous areas. Research should be encouraged on the
development of agorithms for these conditions.

Present status:

Ground networks of periodic snow depth/snow water field measurements aready
exist in the US, Canada, Scandinavia, Russian Federation and some former
Russan dates. Organizing a data achive of this database would be desrable as
aGTOS activity. Saellite and aerid photo based mapping of snow cover is
already done by NOAA in the US at the National Snow Centre in Minnesota.

Action  required:

To be determined.
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9. TOPOGRAPHY

Users:

Ecosystem modellers concerned with land cover change and deforedtation as it
affects carbon cycle. Hydrologicd cycle modelers, including GEWEX and
BAHC projects. Remote sensing specidists carying out high qudity image
rectification for change detection purposes.

Rationale:

Topographic data are necessary to properly quantify the interactions between the
solar radiation, water, and the heterogeneous land surface, including the

measurements of these interactions from remote platforms.

Frequency of measurement:

Once for a given gspdid resolution.

Spatial  resolution:

One km for use with AVHRR data (and for regiond applications);
10 m = 30 m for high resolution data and for hydrologicad modelling.

Accuracy/precison required:

Vertical: 100 m with AVHRR daa, 5 m - 20 m for higher resolution
requirements and for hydrologicd modelling

R&D needed:

To be determined.
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Present status:

In the near term, only topographic data presently avalable can be redidicdly
expected to form the basis for global and regional data sets. The best quality
globd topographic data sets are presently classfied, and athough discussions
have been held to have them declassified, they are not available. The presently
avalable digitd chat of the world contains eevation information from

1: 1,000,000 ONC maps, with coarse vertical resolution. Most of the world land
mass has been mapped at 1:250,000, thus providing a good basis for digital
elevation datawith agrid spacing of 100 m. It should be noted that the vertical
accuracy of the above data sets is likely to be margind a best. For many locd
or regiond applications higher resolution topographic data will be required
(150,000 or higher).

Action  required:

Near-term
Work toward the release of the highest resolution globa data set presently
available;
In padld, evauae the utility of DCW topogrgphic data.

Mid-term
Pursue the avalability of higher resolution topographic data (1:20,000 to
150,000) for regionad to continentd applications.




