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REPORT OF THE THIRD SESSION OF THE GCOSGTOS
TERRESTRIAL OBSERVATION PANEL FOR CLIMATE

1 WELCOME AND OPENING OF THE MEETING

11 Dr Robeat Scholes opened the Globd Climate Observing System
(GCOY/Globd Tearedrid Obsaving System (GTOS) Teredrid Observaion Pand
for Climate (TOPC) meeting on 19 March 1996 a the Franschhoek Mountain Manor,
Franschhoek, South Africa He welcomed the participants (Annex 1). The meding
was chared by Dr Jossf Cihlar.

2. STATEMENT OF THE CHAIRMAN AND OBJECTIVES OF
THE MEETING
21 The Chairmen, Dr Jossf Cihlar, dso welcomed the participants and in

paticular welcomed three new members of the Pand, Ing. G. Enrique Ortega Gil from
Mexico, Mr Ken-ichi Kuma from Jgpan, and Dr Rik Leemans from the Netherlands
He thanked Dr Robeat Scholes and Ms Dawn Middigon for meking the locd

arangements for the meding. He reminded people thet this was a Pand sponsored
by GCOS and GTOS and refared to the provisond Terms of Reference for the Pand

(Annex III). The purpose of this medting was to deveop the initid sages of a TOPC

Implementation Plan for Climae The Charman reviewed the provisond agenda
(Annex ). He explained that he hoped the agenda would be flexible depending on
the nature of the discussons The agenda was goproved.

3. UPDATE ON GTOS AND GCOS

31 Prof. John Townshend and Dr Robert Scholes members of the Saentific
and Technicd Pamning Group for GTOS were in dtendance a the meding.
Prof. John Townshend reported on the GTOS sponsors meeting hdd in January in
Rome. The sponsors accepted in prindple, the GTOS Fanning Group Report, and
decided to proceed with GTOS. The report is availeble from the Executive Secretary,
ad interim, Mr Jle U. Hidkema (JHleHidkema@FAO .Org). The Food and
Agriculturd Organization of the United Nations (FAO) offered to house the Secretariat
of GTOS with Dr Sien Bie having oveardl regponghility for the Secretarid.

32 Prof. Townshend dso reported on the progress of GCOS since the last
TOP medting. Verson 1 .0 of dl GCOS Pans have been completed.  They utilize a
drategy which is to define an Initid Operationd Sysem (I0S) bassd on exiding



obsarvationd programmes. The concegpt of the 10S acknowledges and encourages the
continuation of those exiding adtivities which dgnificantly contribute to GCOS a the
presnt time and identifies those which, with modest enhancements, could make
subdantid  additiond  contributions With the initigtion of the GCOS Upper Air
Network, the implementation of GCOS has begun. The purpose of the nework is to
endure a rdaivey homogeneous didribution of upper ar daions to meet requirements
of GCOS. The final lig of gtes was sHected from the World Weether Watch's
(WWW) Globd Obsarving System (GOS) on the bass of performance records, global
digribution and qudity of information coming from the dations With the cooperation
of the World Meteordlogical Organization's (WMQ) Commisson for Basc Sysems
(CBS), members have agreed to support the network.

3.3 Working with the WWW and the WMO Commisson for Climatology
(Cd), plans for the GCOS surface network of gpproximatdy 800 dtes are underway.

A joint CCI/CBS expat meding on the GCOS pemanet Land-based Surface
Network, to be hdd in Norwich (U.K.) from 25 to 27 March 1996, will consder the
desgnation of the proposed network and will make proposads for congderation by the
CBS Warking Group on Obsarvations and subssquently for adoption by WMO

Members. It is expected thet this network will be in place by the end of 1996.

34 The fifth meding of the GCOS Joint Sdentific and Technicd Committee
(JSTC) recognized the increesng rdevance of dimaeland interactions and in
paticular acknowledged the need for the TOPC. The JSTC was plessed with the first
vason of the TOPC Flan, and recommended that it be published with some editorid

changes

35 The JSTC ds suggested the following items for congderation by the
TOPC for 1996. Thee incdude

. The JSTC noted some apparent differences between the soil moisture
requirements of the Atmospheric Obsarvation Pand (AOP) and the TOPC and
acked each Pand to review ther requirements

To futher devdop hydrology nesds and work more dosdy with the Globd
Energy and Water Cyde Experiment (GEWEX);

Continue to extend the geogrgphic coverage of biogpheric dtes, paticulaly for
some devdoping ocountries;

Determine the requirements for dtes thet are to be induded within the GCOS
network;

Devdop a sampling scheme for the hydrosphere and the ayosphere



Re-evduae the ned for tier IV;

Devdop a doser working rdaionship with the Globd Runoff Daa Centre
(GRDC) and the Globd Predipitation Climate Centre (GPCC); and

Devdop a brochure to explan the TOPC and to asSg in obtaning support
from organizations that can supply data from tiers |l to V.

3.6 Prof. Townshend dated there were a number of challenges fadng the
TOPC. Thex indude

Prioritization and dealed spedfication of vaiadles will be increesngly in
demand;

Few implementation gructures for land exig and consequently the TOPC will
have a mgor rde in not only defining the implementation requirements,  but
ds in as5ding in the implementation of a network of land-based stes and

The TOPC mug provide its requirements to the Space-based Obsarvation Pand
and the Data and Information Manegement Pand.

4. PLENARY SESSON

41 Following lengthy discussons on the following topics it was dedided
tha the GCOSIGTOS Pan for Teredrid Climaerdaed Obsavaions (GCOS-21)
should be revised to reflect the discussons. Each discusson was led by a different
Pand member who provided the Pand with a working pgper on the subject. Following
the discussons, smal working groups prepared a report Immarizing the presentations
and discussons. The following are those reports.

42 Tier Sampling Scheme

421 The GCOS JSTC requested tha the TOPC carefully review the tier
concept and in paticular reevduate the need for tier 1V. Dr Robert Scholes prepared
an evdudion of the sytem and led the discusson. At this medting, the tier system
was dill based primaily on ecosydem chaadterisics  Subsequent medtings  of
working groups on hydrogohere and cryosphere are expected to further darify issues
The fdlowing is a summary of that Pand’s discusson.

Rationale for the hierarchical system
422 The dealed desription and raionde for the hierarchicd sysem is

given in GCOS21 ad the GTOS Famning Group Report. Brigfly, it is not efident
to messure dl vaidles a the same time inteva, said scde or with the same



accuracy.  Since these three fectors tend to be corrdaed, as a result of the
characteridic spacetime domans of key processes an efident sampling sysgem
naturally forms a hierarchy, with some vaidies messured continuoudy and
intendvely, but a a few locations, while athers are measured smply, but a a large
number of locaions When this continuum is matched agand the types of obsarving
gydems which exig, the later can be dassfied into five broad leves, identified as
tiers Some of the characteridtic fedures of each tier are given in Tabdle 1.

TIER CHARACTERISTICS

[ Large-scde experiments, very intensve measurement of alarge number of variables
over aregion of severd hundred square kilometres or atransect of severd thousand
kilometre length, over alimited period of time. GCOS/GTOS does not fund or create
these, it Smply ensures that the data and understanding from them are captured for

futureuse. Examples are the IGBP Megatransects, GEWEX large catchment studies,
etc.

Il Research centres with alarge staff ( > 10 participating scientists), sophisticated and
expendve infragtructure (the necessary infrastructure varies with the research focus,
but examples include laboratories, data loggers for continuous measurement, flux
towers and gauging weirs). They tend to focus on one crop type in the case of
agricultura centres(e.g ., International Center for Tropica Agriculture (CIAT),
Internationa Rice Research Indtitute (IRRI) or one biome type (e.g., the US-LTERs).
GCOS/GTOS relies on these sites to develop process-level understanding and to make
continuous messurements of fluxes. There are thought to be about 100 globdly. In
principle, there should be one per major crop type, biome type and aguatic system type
and cryospheric type.

" Research stations with at least one permanent observer on ste. Many hydrologica
observation gtes fal into this category, as do ecologicd fidd dations and many
agricultura research dations. The observations do not require very expensive,
sophigticated or continuous measurements, but the annua cycle is important. A
aufficient number of such stations are needed to cover the range of varigbility within
each mgor ecosystem, crop system, aguatic system and ice system. This is thought
to require about 500 - 1000 Stes globally, the overwhelming majority of which aready
exis. GCOS/GTOS should assure that methods are compatible and data are stored in
an-easy-t0 access system.

v Sites which are regularly but infrequently (once every 5-10 years) revisted. The
purpose is to provide a datidticdly vdid sample of variables which cannot be
accurately obtained by remote sensing. GCOS/GTOS will need to assist countriesin
the development of a sampling scheme; assure that methods are compatible and data
are stored in an easy-to-access system.

\Y Remote senging, which is usudly quasi-continuous in both time and space, but limited
in its capacity for direct observation of the variables of interest. GCOS/GTOS will
need to assure that data are stored in an easy-to-access system.

"Table 1. Characterigtic features of each tier.



Implementation

4.2.3 The tier dructure is a dassficaion sysdem to ad implementation, not
a rigd formua for implemeataion. All the tiers are necessary, but not dl the
vaiadles are represanted a dl tiers. For example, the hydrogphere has few vaidbles
a tier IV, because the characteridtic time scde of hydrological processes tends to be
too fast to bendfit from infrequent sampling. The key tiers for ealy implementation
ae ll, lll and V, because they are sarved by exiging dructures.

The tier 1V issue

424 Tier IV was designed to congg of in the order of 10 000 land surface
points, which would be visted regulaly, but infrequently for the collection of surfece
paameter data It was intended to bridge the gap between satdlite observations
which are quas-continuous in space and time (tier V), and the 500 or permanently-
daffed but nonoptimaly didributed ground daions (tier [1l). The man problem
with tier 1V is that it is new, and canat be assambled from preexising sysems
This mekes it goparently expendve and technicdly untested. The question addressed

by the Pand a this megting was can tier 1V be disopensad with, greetly reduced, or
phased in without undermining the validity of the entire plan?

The unique role of tier IV

425 Tier IV haes the unique function of providing accurate and spatially-
resolved data on varigbles which a present cannot be remotdy-sensed.  An example
Is the s0il carbon content, which is important because it is the largest biogpheric
carbon poal, is subject to change, and influences other factors such as the water-
holding capadity. It cannot be observed from space. Tier IV sarves two primary
purposss, only the ssoond of which is dricly spesking a monitoring function, but
both of which are necessry for an operdiond system:

ad Onetime messuremants, for purposes assessing the date of the sygem and
modd parameterization; and

b) Repested measurements, for purposes of change detection.

4.2.6 Tier IV can d=0 act s the cdibration and vaidation points for indirect
remotey-sensed  vaiables.  Tier 1ll can dso provide thee data, but may have
insuffident Stes to cdibrate or veidae dl the ecosystem dasses It is important to

spaae the unigue roles from the additiond roles, because they have different
sampling  reguirements.



Sampling  pattern

4.2.7 One issue regarding tier 1V is whether the location of dtes should be
sydemdic (eg., gridded), dratified random, or targets of opportunity. Each scheme
hes implictions in tams of cod, politicd feeshility and ddidicd andyss Tedle
2 provides an andysis of the finandd, politicdl and datidicd sengtivities of the issue

Sygemetic Stratified random Targets of
opportunity
Fnendd Expensve, because | Less expendve Margind cog only.
some dtes will be because more
hard to access. efficient and
resampling can
diminge mog
expendve gtes
Political Issues of nationd Resampling can No problem, but
overdagnty. diminge sngtive large pats of the
gtes. world may be
under-sampled.
Satidticd Smple and essy to | Satidicaly  efident | Biased and difficult
interpret, unbiased | if an information- to extrgpolate.
now ad in the rich dratifier is
future avalable Can be
unbiased but
sengtive to changes
in the dratification.

Table 2. Implicaions of differet sampling pettens

4.2.8 Tier IV ned nat have a Sngle sample scheme for dl vaiadles and dl
places For ingdance, whee the purpose of the obsavation is cdibration and
vdidaion of a remotdy-sensed vaidile the target-of-opportunity agpproach is
acceptable.  For datidicd change detection of a vaiable not indirectly messuradle,
the scheme mus be dratified or sydemaic. A sysemdic scheme in one country
remans compaible with a draified scheme in another, if they are desgned to the
same accuracy Spedifications.

Whatr cannot be done without tier [V?

429 The fdlowing vaiddes are unlikdy to be avaldde with ussful accuracy
ad reolution in the foreseedble future without tier 1V:



Necromass

Soil  carbon

Soil totd nitrogen
. Soil phosphorus
. Soil texture

Rooting depth
Ground water dorage fluxes

The acouracy of the fdlowing vaiddes which ae indirectly messureble or
patentidly so, will be saioudy compromised by an aisence of tier 1V:

e Biomass - aove ground
¢ Biomass - bdow ground
e Roughness - surface
¢« Vegddion dructure
Land use
Soil bulk densty
Soil surface dae
Precipitation
Ice sheet mass bdance
Permafrogt - active layer
Permafrog - thermd date.

The GTOS d0 hes svad nondimaic requirements from tier 1V. These indude

. Land use inputs
Digurbance  regime
Soil chemidry (pH, nitrate, phosphete, bases, acidity, CEC).

Options for implementation of tier IV

4.2.10 While there are cogts assodiated with andlyzing and storing any collected
data, reducing the number of variadles in tier IV is not a ussful drategy, Snce the
cods invalved in sampling have largdy to do with accessng the Stes not the time
et a an individud dte There may even be a case for increesng the a-dte data
collection in order to be dile to share the sampling effort with a wider range of
cients. For example, could GTOS geo-referenced socioeconomic data be collected
this way? The man cod-reducng options ae

Fewer points,
Use targets of opportunity; and
Phase the implementation gradudly.



I) Fewer points

There are two issues accuracy and spatid resolution. The debete on tier IV thus far
hes focused on the number of Stes needed to vdidate a land cover product with a
gven number of dasses, to a given levd of predson and confidence for each dass
This is a rdaivdy trivid exerdse in binomid probability. For indance, to vdidate
the 17-class IGBP land cover schemeto within £+ 15 % accuracy with 95 % confidence
would require 425 points. The accuracy reguirements and number of dasses for TOP
puposes ae likdy to be more dringent. A + 5% accuracy would need
goproximatey 4 000 points, and a £ 0.5 % accuracy would need about 22 500 points.

Mog of the varidbles which depend on tier IV are continuous vaues, not categories
The detlermintion of an adequate sample Sze for these is more complicated, since it
requires a knowledge of thar datidicd didribution, which is largdy lacking, and
vaies from vaiadle to vaidde For a compledy unbiased and efident sampling
scheme (gdratified random, for indance), and a normdly-disributed varidble with a
codffident of variation of 30 % , an accuracy of + 10 % with 95 % confidence would
need 36 samples, + 5 % would need 144 samples and + 0.5 % would need 14 400
sanples. In practice, mog of the vaiades in question are log normaly digtributed,
and then only once they have been draified, 0 the sample number needs to be
multiplied by the number of drata if each is to meet the accuracy ariteria, or by some
aea or vdueweghted number for a given globd accurecy.

If only a globd edimate is neaded, the sample number is greatly reduced; perhaps by
75%. If regiondized edimates are needed, the requirement goes up in rough
proportion to the number of regions

Without doing a rigorous andyds it seams that the origind esimate of the order of
5000 - 10 000 gtes for tier IV is dill vdid. However, where the tier IV dtes ae
amply required to cdibrate or vdidate a remotesensng dgorithm, the required
sanple numbers ae much smdler, and the sample locaion requirements are much
less rigorous. Typicdly gregter than 30 samples each are required for cdibration and
vdiddion of a continuous liner modd if the erars ae normdly didributed, the
modd is ressonably predictive (acoounting for > 75 % of the vaiance), and the
sample points cover the full range of vaidion.

If the number of points needed can be reduced to 500 - 1 000, then tier IV can be
subdtituted by tier 111, but dl the problems assodated with a biased sample scheme
reman.



ii) Tagets of onnortunity

By piggy-backing on other adtivities, the cods of sampling can in theory be reduced
to the margind cods of the additiond effort needed to collect the TOP data  An
example is the Soil and Taran Daa (SOTER) proect to improve globd soil data
If the vegetation component were dightly enhanced, and geo-location gpedifications
were tightened to + 10 m, many TOPC requirements would be met.

There are two main drawbacks with usng targets of opportunity: the sample locations
ae likdy to be biased, biaang the vaues in an unknown way; and the chances of
being ddle to revisgt the point a the same low cogt are smdl.  This approach could be
ugful for cdibraion and vdidaion of indirect dgoithms and for onetime
paamderizations, but is not suiteéble for change detection except in the sense of
achiving a current gate, which future gengrations may find ussfu. At a minimum,
the TOPC data sysem should make provison for the recording of tier 1V-type data
from adtivities outsde of GCOS/GTOS, and should adtively pursue their acquistion
from the origind collectors

iif) Phesed implementation

All of the tier IV vaiaddles have rddivdy dow raes of change which dlows them
to be infrequently collected. Thus only 10-20% of the target sample nesds to be
collected in a given year. By concentraing the data cdllection in a given year
regiondly, logidic cods can be reduced. If it is assumed that on average one point
can be collected per day by two obsarvers, one of which is provided by the host
country, a angle GCOS/GTOS employee could collect about 200 points per yesr; five
employess regiondly deployed could cover the world & the desred dengty.
Alternativdy, or additiondly, each tier TII dtation could be tasked with collecting one
or two tier IV data points per year, in an a priori determined location.

Recommendations

4211 If tier IV is nat implemented, key vaiddes which ae directly or
indirectly invalved in the globad dimate sysem cannot be accurady collected. Mogt
of these vaiades rdae to bdow-ground processes with a high spatid variability and
no obvious way of cdledting via remote senang. The sampling intengty cannat be
greatly reduced without meking the tier irrdevant. The red cod of tier IV is
probably nat as high as is thought, given the cogt of adtivities which currently fill this
rde (uch as sadlite obsavaions and ther ground vdidaion). The benefits of
enriching the land surface data go beyond the needs of TOPC, or of GCOS ad
GTOS into isues such as naturd resource manegemeant a a regiond or locd scde
Tier IV can ddiver naiond-levd information and invavement. A gpedific action
plan should:



1. Publish a brochure explaining and publicizing the Global Hierarchical
Obsavaion Sydem for Teredrid Ecosygems (GHOSTE),

2. Publish and didribute a methods handbook for tier IV daa and activey
encourage the placement of target-of-opportunity tier IV data in public domain
databases, and

3. Phese in the implementaion of tier IV by meking it a tier 11l responghility.
Appoint one or two dedicated tier IV obsarvers who will smultaneoudy do in-
fidd traning of tier Il personnd and cdllect tier 1V daa

43 Guiddines for Participation of Stes

431 Prof. Shidong Zhao led a discussion of the requirements for
patidpaion of dtes in the GCOS/GTOS network. He firg presanted the Chinee
sydem and ther reguirements and mede saverd suggedions for GCOS/GTOS. The
fdlowing is a summay of the discusson.

Issues

432 All GCOS/GTOS sites have to satisfy the conditions of
representativeness and sufficdency. Tier | dtes are large expeaimentd aress and do
not fdl within the scope of a longteem monitoring project. The responshility  for
these gtes rests soldy with research programmes such as the Internationd Geosphere-
Biosphere Programme (IGBP), Global Energy and Water Cycle Experiment
(GEWEX), ec. The respondhilities of GCOS and GTOS should be to assure that
the data are avalable and that there are links to the data  Further lessons learned a
these gtes should be incorporaed into monitoring programmes, where gppropriae.

4.3.3 Tier Il gtes should be locaed ner the cetre of the range of
environmenta  conditions (though not necessarily near the centre of the geographica
range) of the sygem which they ae rgoresenting. There ae never likdy to be so
many tier 1l dtes tha choosng between them s likdy to be a mgor problem.

434 Tier [l Stes are intended to sample the range of variaion presant in the
gydem which they represent. This means tha some of them will be dose to the
average of the various environmenta factors which make up the environmental range
of the sysdem, while others will be doser to the extremes, and perhaps even a the
ecotone of trandtion to a different sysem.  There are vay many potentid tier 1l
dtes, but they are not optimally distributed. As a result, some ecosystem types may
have more potentid tier 1l gStes than are needed for GCOSGTOS purposss,
paticulaly if a rough globd bdance is to be presarved.  Other ecosysem types may
have too few stes or none & dl, and thus GCOS/GTOS will need to work with
funding organizations to enhance the network.

10



435 GCOS/GTOS mug gmultaneoudy have a top-down and bottom-up
goproach to gte sHection. The bottom-up gpproach is implemented by publiczing the
exigence and bendfits of GCOS/GTOS, and inviting stes (end pre-exiding networks
of dtes) to goply for membearship. The GTOS Sexretarid, acting on sHection criteria
defined by the Pand, would then screen the gpplicants for suitability.  The criteria are
sodled out in the GTOS Panning Group Report. Briefly, they are

Each patidpating country should have a leest one per biome
They should be cgpable of callecting the gppropricte data;

Stes in under-represented sydems have priority over  dready-represented
gydems ad

Reasonable permanence is required.

All ds= bang egud:

Stes where research is d0 caried out are preferred,
Long-established gStes ae prefared;
Exiging gtes are prefared over dtes which need to be established;

Nationd support for the dte is preferred to Stes dependent on externd funding;
ad

Accessible, practicd dtes are prefered.

4.3.6 The bottom-up gpproach would not fill gaps where no or insufficent
Stes exig, or where the Stes are not aware of the exisence of GCOSGTOS. A top-
down goproach, is needed to fill gaps in ecosysem types where no Stes have goplied
for  membadhip. This will fird require a seach of the Tearedrid Ecosysem
Monitaring Stes (TEMS) (http://www.wsl.ch/services/services.html) database to
determine dte location. The GTOS Secretaria will then need to contact these Stes
asking if they would be willing to patidpae If there are insuffkient candidates in
the database to sample some ecosystems adequadly, then an active process needs to
be followed to upgrade or edablish dtes in tha type ‘Adequecy’ is obvioudy
rddive - an initid taget should be 10-30 tier Il dtes per sysem type ‘System
types ae intidly defined as

. The 11 IGBP naurd land cover types for taredrid sydems (evergreen
needldeal foredts, evergreen broadlesfed forests deciduous nesdidedf foreds
deciduous broadlesfed forests, mixed trees and shrubs, cdosed shrublands, open

shrublands, woody savannahs, savannahs, grasdands and permanent wetlands);

11



The mog important foods, fibre crops and agriculturd systems (rice, whed,
maze, potao, sorghum and mille, cessava, sugar cane, extensvdy-grazed
livestock, vegetables tropica fruits temperate fruits and cootton);

The agudic sydems ae rivers lakes and eduaries and
The cryospheric sysems are pamafrog, ice sheds ice cgps and gladers.

4.3.7 The gte location of tier IV dtes ae bassd on an unbiased datidicd
representativeness. It is imprecticd to force a dIngle ddidicd desgn on dl
countries Hence, individud paticipeting nations would be responsble for locaing
the gtes, and may choose dther a sysemaiic or dratified-random gpproach (or both,
for different vaiddes or different systems). This requires an a priori location
goedifiction, but permits rgection of the dte and resampling out of the same
population  if:

The dte is ineccessble and
Sampling a the dte would compromize nationd intereds

Management

4.3.8 The generd manegement sructure outlined in the GTOS Planning Group
Report is gopropriate, but in its initid implementation it should focus on esablishing
an effective GTOS Sexreariat and grong links to nationd implementing agendes and
networks The geps in an initid operating draegy for managing the sydem are

1. Hodd an internationd mesting of dte and network managars. Its purpose would
be to edablish and ratify the rules and methods of data collection, data sharing
and qudity contral;

2. Chage the GTOS Secrdaria, in conjunction with disdpline and sysem
expats to devdop a “methods manud”, reporting procedures and a traning
programme. Traning exerdses should be infidd (not centrd), and should
double as data-callection exercisss and

3. At the same timg the communication and didributed database functions of
GCOS/GTOS nead to be esablished so that they are ready to handle data flows.

12



Sandardization and quality control

4.3.9 For each vaiable dandardization should be primaily achieved by
specifying the necessary accuracy, frequency, and spdtid footprint. Standard methods
can be encouraged by publihing manuds and providing traning, but ae not
obligatory.  Full descriptions of the methods used a the Ste should be provided by
the dte to the GTOS Secrdtariat a the time that a Ste joins the network, and updated
when necessry. Vaiadles where there is a dgnificat bias due to the method used
should be subject to expert review and cross-cdibraion exercises

4.3.10 The fird and most importart line of qudity contral is the point of data
collection. Daa items not accompanied by time exact location (+ 100 m) and
method should be rgjected. On entering a GCOS/GTOS data sysem, data should be

pased through a “amat” filter to detect gross erors and incondsencies, and then be
checked for reasonableness by a discipline expert.

Data management

4311 The generd prindples of data management outlined in the GCOS ad
the GTOS Panning Group Report and thar accompanying documents mugt provide
the guide Brdly:

All data entered into the sydem are public domain information. Daa providers
should exaase thar prior publication rights within a reasonadle time (two
years) before entering the dda into the system;

Data users should be charged cogts of filling the user request only;

The GCOS/GTOS daa sysem will be didributed. The GTOS Secretariat

should be respongble for maintaining meta data, pointers to other data sets, and
data sgts which have no other home and

Specid efforts must be made to accommodate the data access needs of countries
which are not well-connected to the dectronic nework. The draegies should
indude etablishment of regiond mirror dtes with regiond daa sts the
placement of key data sets on CD-ROM; use of email, fax and podd sarvices
for the input and export of gmdl quatities of data where necessty and
feagble

Recommendations
1. Begin a didogue with exiging dte neworks (ather internationd or nationd)

to produce a draft of workable data exchange rules and procedures and to refine
the potentid gte database
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2. Make the TEMS database more comprehensve by asking regiond and naiond
experts to check and populate it;

3. Conduct an initid tier 11l sdection according to the procedures described
above;

4. Identify under-sampled regions and ecosysgem types and

5. Invite dte and nework managers of the identified gtes, plus represantatives of
organizaions which could esablish or upgrade Stes in under-sampled regions,
to a conference to agree on thar paticipation in a network.

4.4 Crvosnhere Needs - the Next Steps

44.1 Dr Haeberli provided a review of the cryosphere section of GCOS-21.
The fdlowing is a summary of the recommended updates to GCOS-21.

Issues

44.2 There is now high confidence that many components of the cryosphere
reect sengtivdy to changes in amospheric temperaure because of ther thermd
proximity to mdting conditions The vaying extet of gladers has often been usd
as an indicator of past globd temperatures  In fadt, dovious thinning, mass loss and
reirest of mountan glades have taken place during the 20th century. The areal
extent of the Northern Hemisphere continenta snow cover has decreased snce 1987
even though there is much vaidality from year to year, and no definitive long-term
trends can be defined. Climate projections into the coming century indicate thet there
could be pronounced reductions in seesond show, pamdrost and gladers with a
corresponding shift in landscgpe processes Such reductions would have  sgnificant
impacts on reaed ecosysems and socio-economic factors The thickness of the
adtive layer of pemdrog could increese and extendve aess of  discontinuous
pemafrog could disgppear in both continental and mountain arees More water
would be rdessed from regions with extensve gladers and both enginesring ad

agriculturd practices would need to adius to changes in show, ice and permafrost
digributions.

Priorities

44.3 Priorities with respect to initid implementation of monitoring cryosphere
vaiadles are basad on: 1) dimae rdevance, 2) feeshility of messurement, and 3) the

exigence of auitable Stes and programmes. The vaidbles liged bdow are described
in GCOS-21.
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Sa ice
Sea ice concantration
S ice mation

The varidble sea ice concentration indudes sea ice extent. Operationd dements exist
(SSMI data stream, Arctic buoy network) for initid implementation for both of these
vaidiles Prioity for initid implementation is manly rdaed to dimate fesoHback
(dbedo) and practicd implications (shipping).

Snow
Show cover aea and snow waer equivaent.

Operdtiond  dructures exist (weekly product from AVHRR) for initia
implementation. Priarity for initid implementation is manly rdated to dimate fead
beck, to intense interactions with dl other sysems (glacier mass bdance, parmafrost
themd dae suface water, ol humidity, ec) and to pratticd implications
(hydralogy, tourigm, €c. ) .

lce shests

lce sheet geometry
lce shest surface bdance

Ice shest geomery (dlevation, margins) combines the former varigbles (GCOS21) ice
sheet extent/topography and ice sheet mass baance, wheress ice sheet surface bdance
indudes firm dendty profiles as metioned in the GCOS Pan for Space-basd
Obsavaions (GCOS15). Ongoing activities indude dudies of possble arors in
dtimge measurements to monitor mass bdance a lesst in those aress where the
dope is not 0 seep that the dtimeter losss focus. 1t will be important to meesure
ice shegt velodity & poaints didributed over the whole of a satdlite image to ensure the
mod accurae cdibration.

Glades ad ice cans

This vaiade indudes informaion on messvolume length axd aea Glader
fluctuation is one of 27 interndtiondly sdected geo-indicators of rgoid environmenta
change Glade drvinkage a decadd to century time scdes is a worldwide
phenomenon, influences the water cyde and naturd hazards in cold mountain aress
reflects an addiiond enagy flux roughly comparadle to the etimaed radidive
forcing, and, hence, conditutes a key indicator of ongoing dimae change
Messurements should continue on glader mass bdance as a direct dimate change
ggnd, gade length change as a ddayed but dso enhanced and more eedly
determined dimate 9gnd; and gladier spdtid didribution petens (glader inventories)
for asesing regiond effects Priority rdaes to the exceptiondly dear and eesly
undersood dimate sgnd presented by gladier changes, to the practica impacts a
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locd, regiond and globd scdes Problems manly rdate to reaching globd coverage
and to monitaring large gladers egpeddly with respect to sea levd change

Lake and river freeze-up and break-up (timing)

There are no recommended changes to GCOS-21 or updates regarding this variable
Priority for initid implementation is based on the characteridics of the vaiade as an
integrated long-teem dgnd that is easy to messure

Permafrost
Permafrog attive layer
Pamdaros themd date

Frozen ground activity and sub-surface temperaure regimes ae two out of 27
internationdly sdected geo-indicators of rgpid environmentd change  Efforts of the
Internationadl Permafrog Assodiaion with repect to long-term monitoring concentrate
on the rescue of borehole temperaure data, on Circumpolar Active Layer Monitoring
and on mountan permaros monitoring. Sandard  Internationd Tundra Experiment
(ITEX) procedures recommend landscgpeleve observations a or near the end of the
thaw season on a fandard-size grid.  Seven Stes are presently being obsarved in the
US Arctic, 7 in the Russan Ardiic, 1 in Canada, 1 in Sweden and 1 in Norway.

Inter-annud  comparisons of thaw from within a gte and among different Stes within
a region show dgnificant seesonHto-season vaidions As more gtes from different
programmes ae added to the CALM network and longer-term records are
accumulaed, the sgnificance of dimate fluctuations on regiond pettens of thav and
on plant and soil rdationships and processes should be better understood.

Argentina, Canada, Norway, France, Germany, Switzerland, Austria, Italy,
Kazakstan (Centrd Ada) and China are patiapating in an effort to monitor mountain
pamarod. Daa input to the Globd Geocryologicd Dadbase (GGD of IPA) is
planned for 1997/98. Parmafrog temperatures at about 15 m depth in the few
presently exiging boreholes gppear to have increasad in the Europeaen Alps, the Kazak
Tien Shan, the Kirghize Tien Shen ad in the Qingha-Tibet aea

Priority for initid implementation is besed on the importance of the fesd-backs
involved with changes in adtive layer depth (CH, emisson, ol moidure, growth
conditions), practicd applications (dability of foundetions for roads pipdines,
buildings, ec) and the exigence of monitaring gructures (CALM).

Sanmpling  drategy
4.4.4 A sampling drategy for the cryosphere Hill has to be developed. Sea

ice concentration and snow cover area would fit into tier V' of the presently exiding
gydem; ice shet surface baance, glades and ice caps (extent), pemafros active
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layer and permafrogt thermd date at depths gregter than about 15 m into tier IV; and

pemafrog thermd dete a depths shdlower than about 15 m, show water equivaent
and extensive glader mass baance measurements into tier 11l Uncatanties  continue
to exig, for example, with measurements of devation of ice sheets and large glades
o with the mgpping of ice shest magins The corregponding questions could best be
trested by a short meeting which could take place in connection with the Symposum
of the Internationd Glacologicad Sodety on the Representation of the Cryosphere in
Climate and Hydrologicd Modds Victorig, B.C., Canada, 12-15 Augus 1996. This
medting could prafit from the results of a joint Internaiond Arctic Sdence Committee
(TASC)/Scientific Committee on Antarctic Reseerch (SCAR)/World Climate Research
Programme (WCRP)/International Commisson on Snow and Ice (ICSI) Workshop on
lce Shedts Gladers and Rdaed Sea Levd Change, Haerland, Norway, 21-22 June

1996. Cooperation between ICSIJAHS) and IPA for devdoping a coordinated
sampling draegy and for guiding the implementation of the present ayosohere
obsarvaion plan could probably be etablished during such a medting.

Recommendations

1. Continuation of exising monitoring programmes for snow, sea ice, gladers ad
pamafrod active layer;

2. Futher devdopment of monitoring programmes for ice sheds permarodt
themd date ad lakeriver ice

3. Coordingtion of an integrated cryosphere monitoring programme under the
guidance of the Intemationd Commisson on Show and Ice ICSI/IAHS) ad
the Internationd Permafrost Assodaion (IPA);

4. Assss the utility of the tier sampling concept for the cryosphere and deveop
an ovadl sampling draegy; ad

5. Modify GCOS-21 to reflect the above discussons.

4.5 Precipitation
|ssue
451 The JSTC of GCOS asked the TOPC to better darify why there is a

need for many kinds of time series of precipitation for terredtrid purposes, in contrast
to rddivdy few that are needed to address amospheric purposes.  Also, the TOPC
was asked to comment soecificdly on whether the precipitation data product proposed
by the Globd Precipitaion Climatology Project, congging of a deta set of aggregated
precipitation on a1 d x 1 d spaid grid and a a 3-hour tempora resolution would
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medt the needs of the various taredrid process communities Dr Jurate Landwehr
prepared the initid working paper and led the discussion.

Discussion

452 It is difficult to genericdly characterize what precipitation deta are
nesded for hydrologic modelling/analysis regarding dimate The hydrdogic cyde
operdes @& many scades and levds of tempord and spaid resolution. Requirements
for predpitaion informetion are gedific to the problem one is addressng. Macro-
sde quesions such as ddinedtion of continental or large regiond water balances
may indeed find the proposed 25 d by 25 d product to be sufficient.  But if one
moves to a meso- or micro-scde, for example to do cachment or waershed
moddling, one nesds to characterize the samdl scde vaidion of predpitation over the
watershed. This cdls for time saies with higher tempord and spatid resolution
which can only be obtained with in situ messurements digned with watershed or
cachment  boundaries.

45.3 Furthermore, in situ messurements are necessary to provide a check on
any sadlite-derived precipitation product, as wel as forming the bass for aggregaed
regional climate products such as the National Oceanic and Atmospheric
Administration (NOAA)/National Climatic Data Center (NCDC)'s Historical
Climatology Network (HCN) for temperature and precipitetion deta aggregeted on the
bess of the USA’'s dimatdogicd divisons

454 Dr Landwehr proposed a threelevd dructure (macro-, meso-, ad
micro-xcdes) for the exchange of globd precipitation obsarvations for the purposes
of hydroogicd moddling directed to quegions of dimae vaiation:

For macrolevd andyses the future 1 d by 1 d GPCP product might be
auffident initidly, dthough the 05 d x 05 d resolution being cdled for by
SVAT moddlers would be more flexible in fitting to hydrologicd draineges and
route moddling, ad

For meso- and micro-scde andyss, devedop initidly a st of as many long-
taem ddions as avaldie tha ae of good (messurement) qudity and
prfaddy houly resdution (dthough daly and even monthly might be
accepted).

455 The gpdtid resolution requirements are difficult to generdize and nexd
to be st depending on the terran - they could range from 1 par s km in a
mountainous aress with smdl watersheds to 1 per 10* sg. km in tarain with low or

no orogrgphic features and homogeneous soil and drainege characteridtics that dlow
aggregation to lager waersheds  The dations should be organized or identified with

respect to watersheds or water-divides, and a sngle mgor dimate zone.
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Recommendations

1. GCOSGTOSTOPC would have to provide some minimd criteria for what
conditutes a “good qudity precipitation Sation’;

2. For dl other purposes, mantan a meta data with pointers

6 to in-situ daa centres that are holders of information thet would be
mede avaladle a the codt of filling the us request only; or

(ii) to oecidized deta s dready developed for dimatic purposes, such as
the HCN developed & NOAA/NCDC; ad

3. The TOPC should further study the need for a .5 by .5 degree precipitation
product, and if necessay and feesble, urge the GPCC to produce such a
product rather than the 1 degree by 1 degree product that is planned.

4.6 Soil Moisture

46.1 The JSTC asked the TOPC to review the need for soil moisture deta and
whether or nat it fdt any soill moisure messurement was feesble to be obsarved from
gpace. Dr Josef Cihlar and Mr Ken-ichi Kuma both prepared background documents.
Mr Kuma led the discusson on the review of the nead for ol moisure data, and
Dr Cihlar led the discusson on the feeshility of obsaving soil moidure from
sadlites

|sszes

46.2 For dimae prediction by fully coupled amosphere-oceantland modds,
sea surface temperature (SST) and soil moisture are the most important factors. The
tempord changes of these two vaidbles are large even for the short-term (seasond)
dimate prediction 0 that ther vaiaion must be spedified properly.  As to the ocean,
the current data assmilation techniques which have been implemented operaiondly,
give the initid condition for coupled ocean-amosphere modds These modds can
predict the evalution of the ocean and the amospheric paramees in the dimae time
scde (from seasond to decadd). Since SST is successfully observed by ships and
sadlites the results of the modd can be vaidated with these obsarved data

4.6.3 A gmila problem aises for the taredrid environment and its rde in
dimate predicion. With a coupled soil-atmosphere modd, we need to predict the
evolution of amogpheric as wdl as suface hydrologicad fidds, eg, soil moidure
and runoff. Compared with the current oceen-amosphere modds, the deveopment
and vdidation of sound soil-amaosphere modds has two problems to solve.
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+ How to obtan the initid conditions for the soil moidure?
How to vdidate the soil moigure predicted by the modd?

4.6.4 Ore of the dfficulties in the fird issue is tha the initid condiion must
be wel bdanced with the coupled modd. For this requirement, it is recommended
tha the intid conditions ae obtaned from the daa assmilaion usng the same
coupled modd. To ded with the second problem, data sets obtained independently
of the modd ae required. Thus globd soil moidure data sts are an essentid
requirement for the vdidation of the coupled modds and thus successul dimate
prediction.

4.6.5 Apat from the dimate modd vdidation issue ol moigure information
is vary important for hydrogphere and biogphere It is a key deteminant of primary
productivity and vegetation structure, composition and density.  From the
hydroogicd view, ol modure dfects the patitioning of predpitaion into oil
moidure avaldde for plant growth, ground water, and run-off.

Discussion

4.6.6 The <ol moidure budget is deemined by the bdance of input
(precipitation) and outputs (evgpotranspiration, runoff, ground water dorage). These
components can be determined from the atmospheric forang (rediaion, temperature,

moidure and predpitaion) by means of a numericd ol modd. Given proper
amogpheric fordng to a sufficiently sophisicated soil modd, one can obtain good
edimates of soil moidure, run-off and the ground water dorage teems. This dmple
0l moidure modd-based method, which does not require the intendve computing
(integretion over time) of the coupled amospheric modd, hes the advantage of low
cost. A centre without massve computing power can goply this method to esimate
il moidure resarves and their tempord changes On the other hand, soil moidure
forced by the amosphere may nat be goplicable to the initid condition for the soil-
amogphere modd, where two-way interaction between soil moisture and amosphere
IS important.

4.6.7 For the dimate prediction by the coupled soil-atmosphere modd, time
integration should dat with the 0l moidure deived in the 4-dimensional data
asgmilaion (4DDA). In 4DDA, both in-situ and space observations are integrated
into globel gridded deta usng a numericdl modd. Developed initidly for numericd
wegther prediction, the 4DDA andyss is now regarded to be a very powerful way for
dimate monitoring. The feeshility of esimating sl moisure in 4DDA has been
demondtrated.

4.6.8 Snce s0il moigure can vay rapidy in both space (metres) and time
scdes (hours, days), its direct or continuous messurement is not practicaly feasble
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a the globd levd. This has prompted interest in the devdlopment of remote sendng
methods based on satdlite sensors Prior to this TOPC medting, a survey of experts
from severd countries has been caried out to esablish consensus on the state-of-the-
at and progpects of remote sendng of soil moidure. Results of the survey are given
in Annex V ad can be briefly summarized as fdlows

Remote senang methods are cagpable of providing esimates of soil moidure for
the near-aurface layer only (5 cm or s0), provided that vegetation is aosent or
the aoveground biomass is low. This would limit acquigtion of ussful daa
to arid, semi-aid and cultivated regions and exdude mog forested regions,

The mog accurate and robugt technique a present is based on low-frequency
passve microwave radiation meesurements. Optimum sensors for soil moigure
remote sendng have been proposad but not goproved for satdlite missons

46.9 Snce the remote senang goproach represents the only viable option for
collecting globd daa s its thorough evdudion is necessry. This could
indude the possble use of ol moidure messurements from lower tiers as pat
of a combined vdidatior/ymonitoring goproach.

Recommendations

1. Egddlish the ussfulness of near-surface <ol informetion for dimeate monitoring
purposes and the required spatid resolution should be established (as absolute
quantiies or in rdative units. This implies the need for 4DDA teds to
detemine how the near-surface information would be used as initid or
boundary condition in the modds, assuming thet it is avaldde daly or evary
few days

2. Basad on the regquirements, undertake a comprenensve evadudion of an end-to-
end sydem (raw data to globd data sets), and identify critical dements, and

3. Employ coordinated nationd initiatives to pursue further work on the criticd

dements
4.7 Bi ata Set
471 The need for biomass data was discussed at the meeting.

Dr Rik Leemans led the discusson.  There was condderable discusson over the ned
for biomass data The topic nesded further devdopment so a smdl working group
has been tasked with reviewing and rewriting this section of GCOS-21.
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4.8 Reauiremants for Biogeochemicd Cvcle Modds

481 It was noted thet the biogeochemicd cyding section of GCOS-21 was
inadequate. Dr Robert Scholes prepared a discusson paper on the topic and led the
dscusson. The fdlowing is a summary of the discusson.

Why is biogeochemical data important to the climate?

482 Biogeochemidry dudies the cyding of the dements essrtid to life
Thee cydes are srongly influenced by living organiams, and by interactions between
the biogphere, amosphere, hydrosphere and geosphere. Biogeochemidtry focuses on
the cabon nitrogen, phogphorus and sulphur. cydes, and undelies dl primary
production and trace ges emisson modds The impact on the dimée is via the
emissons of radiativey-active trace gases which occur as a result of biogeochemica
oyding (CO,, CH,, N, 0, ozone precursors and aerosols) and via the land surfece
characterigics such as biomass and leef area which are condrained by biogeochemica
conddeardions. Since biogeochemicd cyding is srongly influenced by dimete this
conditutes one of the mgor avenues for both impacts and feedbacks

483 To undersand, modd or monitor any cyde requires three types of
informetion:

The gze of the podls
The magnitude of the fluxes and
The factors which contral the fluxes

484 In preactice, dl cydes can be smplified to some degree by congdering
only the mgor fluxes and poos Genadly, one flux will be ‘ratelimiting, and its
contralling factors need to be known in detall. For example, cabon assmilaion by
plats is a raelimiting gep in the cabon cyde, while nitrogen mingdizaion is
limiting in the nitrogen cyde

485 The crudd importance of the carbon cyde is well esablished, but why
are the other dements included?

N Nitrogen is the principd limitation for the operation of the carbon cyde
in most terestrid  ecosystems, induding egroecosysemns. N,0 and NO are
dimaticdly-important trace geses

P Phosphorus is the principa limitation for the operaion of the carbon
cyde in many tropicd teredrid ecosysems and modt aguatic ecosysgems
Phosphorus dso contrals the input of nitrogen to ecosysems via biologica
nitrogen  fixation.
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4.8.6

S Sulphur cydes in tandem with nitrogen and carbon. Sulphur  aerosols
ae vay importat to the radidive bdance of the eath and ae the man
componat of add ran.

Table 3 contains a lig of the key vaiadles needed for biogeochemicd

moddling and monitaring. Only the principa pools and fluxes have been conddered.
What follows is a lig of the key variades tha are needed in addition to those dready
liged in GCOS-21.

1

Plant tissue N [and P and S if possble] content, (mg/kg) and specific leef area
(m?/kg) on recent leef litterfal, once a decade on the dominant Secies a tier
Il taredrid dtes Thee are cudd vaiddes for the moddling of NPP via
biogeochemicd modds, and ae subject to change under an devated CO,
world.  Accuracy + 5%.

Maximum stomatal conductance (mmol/s/m?), carbon assimilation rate
(mmol/s/m?) and dark respiraion rate (mmol/s/m?) of recently fully-expanded
leaves of the dominant species once a decade a taredrid tier 1l gdtes
bradiance, leef temperature and vapour pressure deficit and nitrogen content
to be spedfied a the time of messurement. Thee are crudd variadles for both
cabon modds and hydrologicd modds and are subject to change in an
devaed CO, world. Accuracy +5%.

Totd N and Totd S content of ranfdl (mol/litre), accumulaed daly and
andysed monthly at tier 1l taredrid dtes. These are the mgor condituents of
‘add ran’, which can be of dther anthropogenic or biogoheric origin, and
condtitutes a mgor input to the N and S cydes of ecosystems.  Accurecy +
5%.

Tropogpheric ozone is needed to vdidate the emisson fidds of ozoneforming
gases. Daly data a a resolution of 50 x 50 km are desred, with an accuracy
of +£20%.

Emissons of sulphur and other agrosols from volcanic sources and the height
a which they are injected to the amosphere, by mgor location and month.
This may be achieved by a pointer to the gppropriate data .

Anthropogenic emissons of CO,, CO, CH,, NOx N,0, NMVOC ad

SO, evary 5 years per nation. These data (except SO,) are reported under the
Famework Convertion on Climate Change. SO, is widdy reported by the
mgor emitting countries in the context of trandboundary pallution, and can be
infered from energy ddidics in nonreporting  countries.

Us of N and P containing fetilizer, by year, by naion or didrict within
nation. Thee data are reflected in FAO gatidics.
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Vaiable

Frequency

Comment

Precipitation amount and content
of nitrate, ammonium, organic
N and sulphate

Collected daily and frozen,
accumulated  and  analysed
monthly

To cdculate fluxes of N and S in ram water
and to drive mineralization models

Surface air  temperature Daly max. and min. To drive process models

Soil sand & clay content, bulk Once Moddling of soil processes such as
density, water holding capacity, mineralization, runoff and leaching
rooting depth, CEC

Sail, tissue and litter C, N, P Decimally Decomposition and primary production
and S content, hiomass, modelling

necromass, litter  haf-life

Tropospheric  ozone and  aerosol Daily, averaged monthly, Vdidation of NO and agrosol models

opticd  thickness

05 x 05

Atmospheric CO, content and
isotopic  composition

Monthly, 50 sites

Inverse modellmg of carbon sources and
sinks

Surface roughness, maximum
stomatal conductance, leaf area
index

Monthly, 0.5 x 0.5

Modeling of aerosol deposition

Streamflow, dissolved and
particulate  organic  carbon,
nitrogen and  phosphorus,
nitrate,  phosphate

Daily, chemistry related to
changes in flow conditions.
On magor and

representetive  rivers

For caculation of the fluxes between the
land, freshwater hydrosphere and oceans

Area burned, biomass,

Monthly, 0.5 x 0.5

Calculation of pyrodenitrification, €l emental

vegetation  type carbon formation, trace gas formation
Tropospheric  wind ~ fields Hourly, 2 x 2 Disperson and transport models
Industrial, trangport and Annually, 0.5 x 0.5 Key flux from geosphere to atmosphere

domestic CO,, NO, ad SO,
emissions

Soil extractable P, pH, lesf
biomass of BNF plants

Decaddly, 05 x 05

Modelling of hiologica nitrogen fixation

S and aerosol content of
volcanic eruptions and height of
ejecta

Monthly, by maor source

Sulphate  aerosols

Land cover

100 m - 1 km, decaddly

Cover and cover change as drivers of N and
C emissons

Use of N and P fertilizer

Annualy, nationally or by
digtrict

Trace gas moddling, indudria fixation

Table 3.

scale.
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49 Prioritization of Vaiddes

491 The Charman, Dr Josef Cihlar led a wide-ranging discusson on the best
way to detemine the highest prioity vaiddes for implementation.  Appendix 1V
contains a complete lig of vaiadles as prioritized by the TOPC. The criteria thet
were findly sdected for priaitizing the vaiadles were

What is the impect of the vaiade in both depth and breadth?

How wdl will the variable hdp meet a oecific GCOS objective?

What is the cos of implementing? and

Wha is the exigence of implementing Sructures?
492 Table 4 ligs those variades that a least one group ranked with both
Priority 1, to meat a GCOS objective, and Feaghility 1. There were no vaiades that

dl three groups ranked with Priority 1. There ae ssverd, however, eg., show cover
areg, that were ranked 1 by two groups and 2 by the third.
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CRYOSPHERE | ECOSY STEMS

VARIABLE HYDROSPHERE
CH, P2 (c) F2 Pl (ab,c) Fl
Cloud cover P3 (ab) F2 P1 (b,c,d) Fl P3 (a,c) F3
CO P1 (a,b,c) F1
CO, P3 (b,c) F1 P1 (a,b,c,d) F1 P3 (ab,c) F1
Gladers and ice cgos P1 (ab,d) F1 P2 (ab,cd) F2
Land cover P2 (b,c) F2 P1 (ab,cd) F1 P2 (ab,cd) F1
Lesf aea index (LAI) P1 (ab,cd) Fl
Maeid trangport from land | P2 (b) F2 F(ab,cd) F1
to oceans via rivers
N,O P1 (ac) Fl
Net ecosygem productivity Pl (ab,cd) F1
(NEP)
Net primary productivity P1 (ab,cd) Fl
(NPP)
Permdfrog - adive layer P1 (b,c,d) Fl1 P2 (ab) F1 P2 (ab,cd) F3
Precipitetion - areal P1 (b,c,d) F2 P2 (ab) F2 P1 (ab.cd) F1
Precipitation - point P1 (b,c,d) F2 P2 (ab) F2 P1 (ab,cd) F1
Radiation - fraction of P1 (ab,cd) F1
photogyntheticdly — adtive
rediaion (FPAR)
Rediction - outgoing long- P1 (ab,cd) F1 P2 (c) F1
wave
Redigion  incoming P1 (b,c,d) F1 | P1 (ab,c,d F1 P2(c) F1
Radigion par P1 (ab,cd) F1
Rediaion reflected « short- P1 (ab,cd) F1 P1 (ab,cd) F1 P2 (c) F1
wave
Rooting depth - depth to root | P3 (b) F3 P1 (b,d) F1 P3 (c,d) F3
impeding <oil layer
SHinity sea surface Pl (ad) F2 P1 (abcd) Fi1
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VARIABLE CRYOSPHERE ECOSYSTEMS HYDROSPHERE
Sea ice concentration P1 (b,c,d) F1
Snow cover aea Pl (b,c,d) F1 Pl (a,b,c,d) F1 P2 (b,c,d) F1
Soil bulk density P3 (b) F3 P1 (b,d) F1 P3 (c) F3
Soil moisture P3 (b,c) F3 P1 (a,b,c,d) F1 P1 (b,c,d) F3
Soil moisture surface (0-5 P1 (a,b,c,d) F1 P1 (b,c,d) F2
cm)
Soil particle size distribution P1 (b,c,d) F1
Surface water flow - P2 (b,c,d) F2 P1 (a,b,c,d) F1
discharge
Surface water flow - run-off | P3 (b) F1 P1 (a,b,c,d) F1
Temperature surface - air P1 (b,c) F1 P1 (a,b,c,d) F1 P2 (b,c,d) F1
Topography P1 (a,b,c,d) F2 P1 (c) F1 P2 (c,d) F2
Vegetation structure P3 (b,c) F2 P1 (a,b,d) F1 P3 (a,b,c) F3
Table 4. Short lig of priority vaidbles
Priority P1 = high; P2 = medium; P3 = low.
Uss a = dimae deection; b = impact assessment; ¢ = prediction and
smudion; d = modd vdidaion.
Feeghility: F1 = high; F2 = medium; F3 = low.
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410 Daa and Informdaion Manegemant

4101 Prof. John Townshend made a presantation on the GCOS Daa and
Information Management Sydem and led a short discusson on TOPC daa and
informetion manegement nesds  The fdlowing is a summary of his presstation and
the subsequent discusson.

Issue

4.10.2 Vergon 1.0 of the GCOS Daa and Informaion Management Plan has
been completed. This Plan destribes a template for GCOS data management activities
in broad terms. The information manegemeant drategy is besaed on the use of exiding
fadlities and expatise The sysem will be deveoped, implemented and operated by
exidging naiond and internaiond organizations and progranmes. The sysem rdies
on didributed centres sponsored by nations and inditutions participating in GCOS.
Partidpating data and information centres will be encouraged to develop daa sarvers
which can interact with dients according to agresd-upon guiddines When fully
implemented, the GCOS daa and information management sydem will  dlow
paticipating nations and programmes access to a wide vaidy of dimaerdated daa
The GTOS proposa describes a amilar gpproach.

4.10.3 There are a number of issues that have been identified by
Prof. Townshend for the TOPC to condder. These indude

The teresrid community in teems of deta manegement is not wel served for
many obsavaions This community urgently needs the assdance of the Data
and Information Management Pand to remedy these defidencies A related but
separae problem is the dbility of centres to acquire the data they need for the
usr communities and to have access to it in gopropriate formats

It is important thet the needs of countries with inadequiate access to the Internet
have their nesds met by the provison of daa in other formas

For the teredrid community, there is a lack of adequate daia handling
capabiliies egpecidly within the ecologicd and hydrologicd aress. There are
some nominated centres such as the GRDC and GPCC, but further capabilities
ae needed. A World Data Center (WDC) for Sails is in exigence UNEP’s
GRID holds severd data sats collated from other sources;

For ecologicd obsaveions, the dtuation is less stifactory though there have
been proposds within WDC-A to hdp rectify the Stuaion;
There is a continuing problem in data bang mede avaldde to centres in the

gopropriate format, such as long-term records collected for synoptic purposes
which are in andogue forma; and
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It is important thet the needs of countries with inadequiate access to the Internet
ae Hidied by the provison of daa in other formats While Internet access
is increeangly available, problems assodiaed with bandwidth and charges are
likdy to inhibit its use by many usars for severd years

Recommendations

1. TOPC should participate in the proposed IGBP-DIS/WDC workshop which will
be evduaing the needs of the IGBP community for data manegement;

2. The TOPC, with the assgance of the Data and Informaion Manegement Pand
@IMP), should identify and assess exiging data centres to determine if its
needs can be met;

3. The possble bendfits of archiving more of the data collected through the World
Wedther Welch GTS sydem should be explored, egpeddly in view of the
development and gpplication of web technology; and

4. Currently the land community does not gopear to be wel represented on the

DIMP and this representation should be improved. Each member of the Pand
should suggest names to the JPO for condderation as DIMP members

411 Review of Snace-based Obsarvaions

4111 The JSTC had noted some gpparent incondstendies between the GCOS
Plan for Space-based Obsarvations (GCOS-15) and GCOS-21, and asked the TOPC
to review thar needs Prof. John Townshend updaed the Pand on GCOS
interactions with CEOS and led a discusson of TOPC needs

4112 The GCOS-15 was presented to the Committee on Earth Observation
Sdlites (CEOS) in Montred in October 1995. As a reault of the presentation,
CEOS has begun to rethink its role  The importance of the globa observation
sydems is beng subdantidly rased. The meting decided to begin to devdop an
ovadl Integrated Globd Obsarving Strategy (IGOS). The fird meding of 1GOS is
in Sedtle (USA), during the wesk of 25 March, 1996. The reaults of this meeting
will be reported to the next CEOS plenary in Canberra, Audrdia, in November 1996.

Recommendations

4113 As a realt of the discussons the Pand had the fdlowing st of
recommendations.
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4.12

The vaious incoming and outgoing short- and long-wave obsarvationd nesds
should be recondled with those of the AOP in tems of terminodlogy and
requirements, and then a consolidated lig be presented to the Space-based
Obsavaion Pand;

The fire product should be reddfined to indude:

i) Coarse rexlution globd sendng of the digribution and daly frequency of
fires

i) Ane redlution spaid cdibration of fire scar extet udng fine resolution
data from sadlites such as SPOT and Landsat; and

iii) Land cover data to provide information on the character of the fud to assg
edimation of the propeties of the resultant amospheric fire products

Albedo should be added as a vaiadle indicating how it is derived,

Emissvity is required by & least one st of users for interpretation of remotdy
sensed data but it is undear whether this needs to be edimated by space
techniques TOPC should review and daify this issue

Surface roughness Undear currently whether this is required with a predson
higher then that obtaincble by parameterization usng land cover dasses

Sm ice mation. This key variade is currently not in the Space Flan and should
be added;

Surface water gorage fluxes is not in the Space Plan but can bendfit from space
obsavaion in its edimation (through observing areal extent of weter bodies);

The observationd requirements nomendature and definitions of ice sheet mass
bdance, ice sheet devaion and topography need to be darified; and

Land use neads to be modified to better reflect the rdaive contributions of
goace and other obsarvations.

The Demondraion Proiect

4121 Dr Hd Kibby made a short presentation of a proposed demondretion
prgect. The fdlowing is a summay of the discusson.
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|ssue

4122 The issue is how to best demondrate the need for GCOS and GTOS data
in devdoping countries of the world. A project to demondrate the utility of such data
was discussed. The objectives ae (1) to demondrae the operationd feaghility of
implementing GTOS and the terredtrid agpects of GCOS; (2) to demondrate the need

for GCOS, GTOS, and GOOS globd daa sats in seesond to interannud  dimate
predictions (in cooperation with WMO’s Climate Prediction Savices (CLIPS)

programme); (3) to demondrate the utility of GTOS, GCOS and GOOS daa s in
a nationd asessmentt.

Recommendations
1. The Pand recommended that in addition to goending time and effort deveoping
coordination among potentid GCOSGTOS gtes in Southeest Ada, some time
should be spent on the devdopment of tier 11l Stes globdly;

2. Prior to contecting the gStes dear guiddines for criteria for paticipating dtes
need to be provided; and

3. ldentification and coordination of tier 1ll dtes should proceed Smultaneoudy
with development of the demondraion project in Southees Ada

4.13 Implementation ISsues
4131 As Charmen of the JSTC, Prof. Townshend fdt thet the implementation

of in situ messurements presented a far grater chdlenge than the implementation of
goace-based  obsarvations. He pointed out thet there is no overdl coordineing
mechanism andogous to CEOS for in situ messurements Even if there were, the
complexities are far gredter because we ae deding with many more inditutions.

4132 It is important for the TOPC to teke the reponghility of beginning to
implemant the in Situ aspects of terredtrid obsarvations. It is dear theat TOPC needs
to devdop a saementt tha darifies the vested interest that in Situ stes have in
paticipaing in the progranme It was pointed out that one such interest would

be in exchange of in situ data for sadlite data The sadlite progranmes need in
situ data as much as the in situ progranmes need sadlite data There are three
potentid  options:

Where exiging programmes are operding use these programmes,
Persuiade an international agency to do it; and

Where dl d= fals invent a sysem oursdves
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S.

5.1

RECOMMENDATIONS

The fdlowing is a summay of those recommenddions mede in each

sction above.

1

Begin a didogue with exiging dte neworks (ether internationdl or nationd)
to produce a draft of workable data exchange rules and procedures and to refine
the potentid dte database (Action: GTOS Secreaia);

Make the potentid gte database more comprenensve by asking regiond and
naiond expets to check and populate it (Action: GTOS Secretariat/GCOS
JPO);

Conduct an initid tier II sdection according to the criteria (Action: GTOS
Secretariat);

Invite dte and nework managers of the identified gtes plus represantatives of
organizations which could esdblish or upgrade gtes in under-sampled regions
to a workshop to agree on their participation in a network (Action:
Prof. Townshend in situ meeting as start);

Use the combined mativation of GTOS and GCOS to enhance and accderae
a SOTER-ike ativity to collet an initid set of tier IV daa in a draified
random peten (with subdtitution of inaccessble dtes) usng geomorphology,
geology and land cover as the stratifiers (Action: TBD);

Publish a brochure explaining and publicizing the GHOSTE (Action:
Dr Schales, GCOS JPO);

Publih and didribute a methods handbook for tier IV data and activey
encourage the placement of target-of-opportunity tier 1V daa in public doman
databases (Action: TOPC);

Devdop some minimd caiteia for what conditutes a “good qudity dation”
(TOPC);

Maintan a "meta-data” data st with pointers to rdevant data (Action: GCOS
JPO and GTOS Secretariat):

() to in situ daa centres that are holders of information that would be
mede avalable a minimd cog under agreement with GCOSGTOS, or

() of speddized data sets dready developed for dimdic purposes, such

as the HCN or Higoricd Climatology Nework of Precipitetion Daa
developed by NOAA/NCDC;
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10.

6.

6.1

11

Sudy the nead for a .5 by .5 degree precipitation product, and if necessary
and feasble, urge the GPCC to produce such a product rather than the 1 by
1 degree product thet is planned (Action: TOPC in conaultation with GPCC);

Revise Vadon 1 .0 of the GCOS/GTOS Pan for Teredrid Climaerdaed
Obsavations to reflect the falowing (Action: TOPC):

Add vaiadles required for BGC modds
Add flow chart showing how observations leed to derived products;

Revise precipitation to reflect macro-, micro- and meso-scale
requirements,

Add run-off as a vaidie shest;

Add dbedo as a requirement;

Add carbon change as a vaiade and modify biomass accordingly;
Add vaiade on C*/C%;

Reviee w0l moidure varigde shed;

Add tiers to variable shedts

Reviee land-use vaidie shes;

Add definition of dassss to land cover;

Improve destriptions of uses of daa (client needs) for dl vaiddles
Add schematic illudraions induding tier diagram; ad

Revise hydrology section to reflect the HWR/GCOS Hydrology meding
and interactions with FRIEND and GEWEX. (This meeting takes place
29 April to 1 May, 199. The reaults of that meeting will be avaldde
shatly .)

CLOSURE OF THE MEETING

The Charman dosed the meeting a 2.30 pm. on 22 March, 1996. The

date and venue of the next meding of the TOPC was not set.
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ANNEX I

AGENDA

Wedoome and Opening of the Mesting

Saement of Charmaen and Objectives of the Medting
Approvd of Agenda

Update on GTOS Sponsors Mesting and GCOS JSTC-V

Draft Tems of Reference
Penay Sesson

Guiddines for Patidpation of Stes
Cryosphere Needs - the Next Steps
Demondraion Project

Review of Space-based Obsarvations

Tier Sampling Scheme

Precipitation

Nead for a Biomass Data St

Sol Moidure

Product Requirements from BGC Expaiments
GCOS Daa ad Information Management Sysem
Vaidde Prioritization

Implementation  Needs

Working Groups

The reaults of the discusson on each topic was written by a samdl working
group

Reports from Working Groups

Closure of the Meding



ANNEX HI

PROVISIONAL TERMS OF REFERENCE FOR THE GCOS/GTOS
TERRESTRIAL OBSERVATION PANEL FOR CLIMATE

Recognizing the need for goedfic and technicd input concemning teredtrid
obsavaions for dimae purposes the oonsoring organizations of GTOS and the
Joint Sdentific and Technicd Committee of GCOS have jointly eddblished a
Taredrid Obsavaion Pand for Climae (TOPC) with the following tems of
reference.

Tams of Reference

. In accordance with the overdl plans of GCOS and GTOS, to plan, formulate
and desgn a longtem sysemdic obsarving sydem for those taredrid
properties and atributes which contral the phydcd, biologicd and chemicd
processes dfecting dimae, ae afected by dimae change or sarve as
indicators of dimate change, and which are essntid to provide informetion
concerning the impect of dimate and dimae change

. To review the neads of the usr communities for dimaterdaed data and
sdect a st of core variables, both in situ and space-based, a appropriate
gpoace and time scdes, paying paticular atention to the needs of devdoping
countries,

. To deveop a drategy based on the concept of the Initid Operationd System
(IOS) which indudes the asessment of exiding in situ sydems the
determination of deficiencies and the recommendation of necessary
enhancaments. (The Space-basad Obsarvaion Pand will evauae sadlite
programmes, determine deficiencies and recommend the necessary
enhancements for those vaiades idetified by this Pand that can be
observed from space);

. To sek, review and support for, the implementation of the drategy from
other rdevant research or operationd progranmes (eg., WCRP, IGBP,
WWW, GAW, WHYCOS, GEMS, «tc);

! Taredrid propaties indude the dimae rdevant obsarvaions for the biogphere,
cryosphere, and hydrosphere.
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. To support the Data and Information Management Pand and other organizations
as gopropricte in the devdopment of data management sysems

. To coordinate aectivities with other globa observing sysem pands and task groups
to enaure conddency of requirements with the overdl programmes

To recommend a schedule of actions to address the ggps in present and
planned sydems

Make other recommendations as gppropriate;

Publish and update appropriate GCOS/GTOS studies and planning
documents and

To cary out agread assgnments from, and to report regularly to, the JSTC
and the Steering Committee for GTOS



ANNEXIV

PRIORITTIZATION OF VARIABLES

Priority:
Uss

amulaion; d = modd vdidaion.

P1 = high; P2 = medium; P3 = low.
a = dimate detection; b = impact assessment; ¢ = prediction and

Feaghility: F1 = high; F2 = medum; F3 = low.
VARIABLE CRYOSPHERE | ECOSYSTEMS | HYDROSPHERE

Albedo Pl (@bcd) F2 | P2 (cd) F2

Biomess P2 (b,d) F2

CH, P2 (c) F2 P1 (abc) Fl

Cloud cover P3 (ab) F2 P1 (b,c,d) Fl P3 (ac) F3
co | P1 (abo) FI

co, P3 (b,c) Fi | P1(abcd) FI | P3(abc) Fl
Be/RC | P2 (ab) F2

Current - ocean P1 (abcd) F2 |

Evapotranspiraion P2 (b,c) F2 |P2(abcd) F2 P (abcd) F3
Fire extent | P2 (ab) F1

Freswater flux (o oceen) | Pl F2 | | P1 (abcd) F2
Glaciers and ice caps P1 (ab,d) Fi | P2 (abcd) F2
Ground water storagé fluxes P2 (b,c) F3 | P3(®) 2 Pl (ab) F2
Havesed phytomass "P2(abcd) F1
| Ice shest geometry PlObcdF2 | ' P3(ab) F3
loe sheet surface balance | P2 e B2 | | P3 (ab) F3
Lake and river freezeup and | P2 (a,b) F2 | P3 (a,b) F2 I P2 (a,b) F2
bresgk-up  (timing)

Land cover P20 R 'Pl(abcd) F1 P2 (abcd) Fi
| Lend use P2 (b,0) 2 P2 (ab) F2 | P2 (abc,d) Fl

Ledf aren index (LAI)

'P1 (abcd) Fl
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VARIABLE CRYOSPHERE | ECOSYSTEMS | HYDROSPHERE
Material transport from land | P2 (b) F2 P(abcd) F1
to oceans via rivers
N,O Pl (ac) F1
Necromass | P2 (b,d) F2
Net ecosysem productivity P1 (ab,cd) F1
(NEP)

Net primary productivity P1 (abcd) F1

(NPP)

Ozone P2 (ab) F2
' OH P3(d)F2

Permalios: - active layer | P1(b.c,d) F1 | P2 (ab) Fl | P2 (abcd) F3
| Permarogt - thermd sae | Pl@bd)F2 | | P1 (b,c.d) F2
Precipitation - areal | P1 (b,c,d) F2 P2 (ab) R2 | P1 (abcd) F1
| Predipitation - point Pl (bcd)F2 P2 (ab) F2 | P1 (abcd) F1
Rediation - fraction of P1 (ab,cd) F1

photosynthetically  active

rediaion (FPAR)

Radidtion - outgoing long- | P1 (ab,cd) F1 P2 (c) F1
wave
| Radigion  incoming | P1 (b,c,d) F1 | P1(abcd) F1  P2(c) Fl
Radiation par 'Pl(abcd) F1 |

Rediation reflected - short- P1 (ab,cd) F1 P1 (ab,cd) F1 P2 (c) F1
wave

Rooting depth - depth to root | P3 (b) F3 P1 (b,d) F1 P3 (cd) F3
impeding ol layer

Rooting depth - P2 (b,d) F1

characteridic rooting depth

(vegetaion)

Roughness - surface P2 b, d) FL P2 (bd) F2 P2(c,d) F1
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VARIABLE CRY OSPHERE ‘ ECOSYSTEMS | HY DROSPHERE

SHinity sea surface Pl (ad) F2 Pl (ab,cd) F1

Sea ice concentration P1 (b,c,d) F1

Sea ice moation P2 (cd) F2

Sea leve P2 (b,c) F1 P2 (ab) F1 P3 (d) F1
' Show cover area PlbecdFl  |Pl(abcd) FI  |P2Med)F1 |
| Sow water enivaent | P1 (b.c) P2 P2 (ad) F2 P1 (b,c,d) F2
Soil bulk densty P3 (b) F3 P1 (b.d) F1 P3(c) F3

Soil carbon P2 (v,d) F1

Soil  moigure P3 (b,c) F3 P1 (ab,cd) F1 P1 (b,c,d) F3
Soil moidure surface (O-5 P1 (ab,cd) F1 P1 (b,c,d) F2
cm)

Soil patide dze didribution P1 (b,c.d) F1

Soil  phosphorus P2 ) F2

Soil surface sate , P3 (b) F2 , P3(c) F3
| Soil tota nitrogen | P2 (b,c) F2 |

Qurface water flow - P2 (b,c,d) F2 P1 (ab,cd) F1
discharge

Suface water flow - run-off | P3 (b) F1 P1 (abcd) Fl1
' Suffece water storage fluxes | P3 (0) F2 P2(ab) F2 Pl (abcd) F2 |
Temperaure sea profiles P2 (b,c) F2

Temperature sea surface P1 (b,c) Fl1

(SST)

Temperaure surface - ar | P1 (b,c) F1 P1 (ab,cd) F1 | P2 (b,c,d) F1
Topography Pl (abcd) F2  |P1(0) Fi | P2 (c.d) B2
| UV-B - Suface profile | 22 (ab) F2

Vegdation index P3 (ac) F2 P2 (ad) F1 P3 (ac) F2




Annex IV, page 4

VARIABLE CRYOSPHERE ECOSYSTEMS HYDROSPHERE
Vegetation structure P3 (b,c) F2 P1 (a,b,d) F1 P3 (a,b,c) F3
Water total liquid or solid P2 (b,c) F2 P3 (b,c) F2
Water vapour surface - P2 (c) F3 P2 (a,b,c) F2 P1 (a,b,c,d) F3
rddive humidity
Wave height P2 (b,c) F2
Wind direction P1 (b,c) F2
Wind speed P1 (b,c) F2 P2 (b,c,d) F2 P3 (b,c,d) F3
Wind stress P1 (b,c) 2




ANNEX V

CONSENSUSSTATEMENT ON THE ESTIMATION OF SOIL MOISTURE
FROM SPACE PLATFORMS

MarchVApril, 1996

The quegion of the feeshility of extrating soil maigure informeation from
sadlite data came up in discussng monitoring requirements for the Globad Climate
Obsarving Sygem (GCOS). Given the uncetainties in this fidd, it was suggested
that an initid gep should be to produce a consensus on the date-of-the-at and
likdy future progpects.

As a gep in this direction, a lig of Satementspropogtions was prepared
atempting to cgpture what we are reasonably cartain of; what we suspect/have far
evidence on; and what we do not know, with some suggested next geps This
datement was st to leading active researchers or research programme manegers
in this fidd, induding:

Evert Attema, ESA/ESTEC; Crag Dobson, Univasty of Michigan, Ted
Engman, NASA; Thomas Jackson, USDA; Tery Pultz, CCRS; Jon
Ranson, NASA; Sasan Saatchi, JPL; Soroosh Sorooshian, Universty of
Arizong, Thomas Schmugge USDA,; and Ying Ming Wei, NASA.

The 9x regponses recaved were sorted out with minima  editing according
to the individud quegions and reproduced beow.

1. Wha we know:

11  Micowave techniques are the only remote senang method for assured,
frequent deta acquidtion on which soil moigure esimation from space could be
basad (others suffer from amospheric interference in an unacceptable way).

Agres

Agres

Agree

True, themd infrared can give usful information but the
amosphere provided too many  interruptions

Uncertain - they are the mogt operationd methods cartanly;,
Agree.

PwWNE

12  Any microwave technique practicdble from space plaforms will provide
information on soil moigure only for depths O-5 cm or 0 (because of the didectric
contragt between the ar and s0il, and the ionospheric interference & much lower

wavdengths).
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Agree

Agres

Usng direct obsarvations

It is not bdieved that direct obsarvations are obtained of O-5 cm a
C-Band. It is necessxry to go to longer wavdengths eg., L-Band to
get this

Agres

Agree. Desper depths may be moddled.

1.3  The sl madure 9gnd is contaminaed by surface soll roughness and
vegeation (live or dead biomass).

5:

6:

Agree

Agres

Agree

Roughness is more of a factor for radar and vegetaion effect is
gronger for radiometers

Doen't this depend on active or passve method? How about
inddence angle and topogrgphy?

Agree.

14  Vegdaion moigure content, totd biomass and canopy druciure are the key
paametas dfecting the degree of soil sgnd contamination.

Agres

Agres

Agree

For radiomdric observatlions moisure contert is the dominant factor;
See above - wha about roughness and incidence angle?

Agree.

15 Edimdion of rddive changes in ol moisure between subssquent
messurements is more eesly achievable then that of absolute moidure content
(provided that surface soil moidure is the only variable changed).

1:
2
3:

o gk

Agres

Agree;

This is nat true for passve for active (espeddly current sadlites) it
is agreed;

True

How could one disgree?

Agree.
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2. Wha we suspect/think:

21  Multipolarization/multifrequency radar data will be reguired to obtain
sdidadtory 0l mogure information for various ecosysemsphenologicd

conditions.

1
2:
3.

Agree

Agree

Is it assumed that radar is the best solution? For active gpproaches,
it is agreed;

Not beieved to be true. An L-Band radiometer has been shown to
be vary efettive for soil moidure in a wider range of conditions than
the synthetic gperture radar (SAR) and is much dmpler to interpret
and can provide the data a a oatid scde rdevant to dimate change
dudies

Agree. Soil moidure cannot be sensed beow wet canopies so don't
even bother - this is a method for semi-arid and aid regions where
|l moidure vaies with time

True if one requires a very robugt gpproach for various
ecosysdemgphendlogicd  conditions Single Channd SAR, such as
Radarsat, may be auffident in some enwironments

22  Sami-empiricd or empiricd modds mus be usad to extract soil moigure
from micowave daa

1
2.

5:

6:

Agree

Maos probably true, though perhgos sometime in the future we can
find the ‘Hdy Gral' of sol moidure through an degant (but Smple)
inverson;

Nat true, we have only a limited underdanding and incomplete
databases,

The basc didectric modds have given reasonable agreament with
rediometric obsarvaions in HAPEX-Sahd, Washita 92 etc., s0 the
levd of empiricdiam is low for radiometric observations

Agree - without fully spedfying the physcd propeties of the land
cove, we mud improvise

Agree

2.3  The influence of vegetaion with soil Sgnds may be accounted for by a
sngle parameter (rdated to opticad thickness of the canopy).

1
2:

Agreed;
Quite possble
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5
6
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For pessve (long wavdengths): yes For adtive some dructurd
information is needed;

True

Not known;

Unlikdy.

24  DEM ddaa with sufficient x/y and z resolution will be required if reder deta
ae uad for 0l moidure esimdion.

1
2

3

4.
5
6.

Agree;

Agree and suspect that 1. 100,000 hypsography is adequate for most
places,

There is some doubt that for sadlite scde footprints and larger look
agles tha this is true

Not necessay for the radiometer;

Agree - see 1.3,

Agree. Canadian Prairies may be an exception (flat).

3. Wha we do not know:

31 Wedo nat know if soil moidure information for the top 5 cm of soil would

be usHful for dimate and dimate change purposes (can be determined by
moddles); and if s, whether remote senang offers the best means of obtaining
this  information.

1
2:
3:

5.
6:

Agres

Agree

There is enough evidence in the literature to support the utility of this
obsarvation. The mog obvious gpplications are the leest demanding
in tems of goatid resolution;

The repetitive obsarvaions of the moidure date for the upper
boundary layer of the soil has to be useful. For one thing it can give
a dea indication of regions of recent ranfdl and a quditative
edimate of how mudh;

Agree, but move to Section 2;

Agrea

32 We do not know if rddive change informaion would be usful for dimate
and dimate change purposes (can be deermined by moddlers).

1

2:

Agres
Agree
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It would be ussful. Climate moddlers need a direct obsarvaion of
dae andlor flux varidbles They need to reduce the degrees of
freedom, not increese the uncartanty;

See dbove

Agres

It is undersood tha moddles are interested in these data However,
this information comes to me second-hand and through the literature.

33 We do not know if soil moigure Sgnds can be isolated and quantified with
sufficient accuracy under the variety of vegetation cover on a globd bess and for
various phases of the phenological cyde (requires much experimentetion, likely
further modd devdopmet and vdidation, operationd trids).

1

6:

By averaging over a large number of pixds (say to a resolution of
500 x 500 meters) the investigators could get high corrdation of
ERS1 SAR daa with ol moisure (accumulated rain) by averaging
ove the intefering roughness and canopy vaidions. This is dealy
Oependent on land use and will be a ‘regiond’ adgorithm, naot globd,;
Agres

Agree;

More dudies ae needed. This is wha they say when they don't
want to do awthing. - Radiomeric obsavaions with the PBMR ad
ESTAR over the pas ten years have demondraed its cgpabilities
over a wide range of conditions from FIFE to HAPEX-Sahd;

This is what we know (s0il moisure cannot be sensed bdow wet
canopies 0 don't even bother - this is a method for semi-arid and
aid regions where sl moidure vaies with time);

Agree

34  We do not know which technique (active or passve) is preferable for globd
climate gpplications (could be answered through a didogue between earth
obsarvaion and dimate scientists but we may need to know more about the
performance of each technique).

1
2:
3.

Agree

Agree - d0 nead to know the requirements of each gpplication;
Depending upon the gpplicaion objectives (gpatid/tempord) the
choice of a sysem is quite dear;

As was pointed out, the radiometer works best for soil moisture
where it is nesded mog, i.e, in arse vegedion conditions where
direct evgporation from the soil is a mgor factor in the surface
enagy bdance
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6:
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Active offers the bet Sgnd - but & multiple cods
Agres

35 We do nat know which anallary data would be required for operationd
inverson of the miccowave data to obtan ol moigure information and whether
these can be obtained in practice (requires better understanding of the two methods
and thar respective data needs).

5:

6:

PwbdhE

Agres,

Agres

0

| think Jackson et al recent pgpers (Remote Senang of Environment
53. 27-37; |IEEE Transactions on Geostience and Remote Senang
31 (4): 836-841; Hydrologica Processes 7: 139-152) have lad out an
dgorithm which indicates the types of andllary daa that are needed;
Agan, we know wha the man paranetars ae but sengtivity is
aothe  issue

Agrea

4. Condusons

41 The usfunes of nea-auface soll informetion for dimate monitoring
purposes and the required spdia resolution should be established (as absolute
guattities or in rddive units).

1

2.

3
4.

5
6:

Agree

Agree. This should be a focus for some of the moddling eforts
Sengtivity studies could aso be done that feed into 4.2 bdow;

There ae ongoing adtivities,

The gptid resolution should indicate the mgor changes in ol
moidure, i.e, the ranfdl vaidions The dudies we had done in the
late 1970's showed that most of the variaion could be accounted with
resolutions in the order of 5 to 10 km;

Suggested action: support moddlers

Agres, is this being addressed in GEWEX?

42  Basd on the requirements a comprehensve evdudion of an endto-end
sysem (raw daa to globd data sats) should be underteken, and criticd dements

identified.

1
2

Agree

Agree. Effort should indude a complete eror andyss for eech dep
(this would dso be a good mecheniam for comparison of competing
techniques);
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5:
6.
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There ae ongoing adivities

For the radiomger with 5 to 10 km, resolution this would seem to
be a trivid problem;

Patidly agres

Agrea

43  Sponsorship for further work on the aiticdl dements should be sought
through coordinated naiond efforts

1:
2:

Agres

Agree. This could be done within exiding programmes but an
emphass redly needs to be placed upon ‘coordinated (not
fragmented) efforts on criticd parts of 1 (or more) possble
endto-end sysems

Agres

Push NASA to fly an L-Band radiometer;

Agree;

?
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