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1. OPEI{ING OF TTIE SESSION

The Workshop on the Globat Runoff Data Set and Grid Estimation was
opened at 9:00 a.m. on 10 November 1988 at the Federal  fnst i tute of Hydrology
(Bundesanstalt für Gewässerkunde) in Koblenz, Federal Republic of Germany.
Dr. H.-J. Liebscher, Director of the 9lMO Global Runoff Data Centre (GRDC) was
elected to chair  the meeting.

The purpnse of the meeting was to review the work of the GRDC, in
producing data sets required by the climate research and hydrological
communit ies, and to discuss the possibi l i t ies for the gr idding of hydrological
data for use in validating climate npdel outputs.

The names and addresses of the participants are given in Appendix A.
The agenda, as approved, is given in Appendix B.

2. I{EED FOR GLOBAL WATER RTJNOFF INFORMATION

2.L  Genera l

Knowledge of the water discharge at various points within a river
catchment is the basic information requirement for all kinds of hydrological
invest igat ions and/or appl icat ions. Such appl icat ions would normal ly require
long t ime series of r iver gauge measurements with fair ly high spat ial  and
temporal resolut ions and are, therefore, pr imari ly focussed on specif ic r iver
basins within a geographic region. Cl imate research, on the other hand,
requires runoff information to close the groundwater budget over continental
areas, placing eurphasis on large-scale averages (of the order of the
resolut ion of c l imate models, e.g. 100 x 100 km2 and larger),  mean monthly
values and global coverage. The main cl imatological  appl icat ions of global
r iver discharge information are, together with global precipi tat ion data,
diagnost ic and nodel l ing studies of the global hydrological  cycle, assessment
of exist ing water resources in relat ion to cl imate events, and assessments of
future cl imate trends with respect to global water balance.

2.2 Cl imate Research Reguirements

2.2.L First  GARP Global Experiment (FGGE)

The initial reguirement for the construction of a globaI runoff
observational data set came from the t{MO/ICSU Global Atmospheric Research
Programme's (GARP) F@E, whose primary purpose was to collect a unique set of
global data to study those physical processes in the troposphere and
stratosphere that are essent ial  for a better understanding of the transient
behaviour of the atmosphere as manifested in the large-scale fluctuations
which control changes in the weather. This would lead to increasing the
accuracy of forecasts over periods of one day to several weeks. It was
quickly apparent to the planners of the experiment that the FGGE presented an
unprecedented opportunity to assemble additional information, such as runoff
data, which in conjunction with the atmospheric data could be used to study
those factors that determine the stat ist ical  propert ies of the general
circurat ion of the atmosphere, which in turn would lead to a better
understanding of the physical  basis of c l imate.
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This then led to Lhe formulation of the plan to collect runoff data in
the form of discharges from selected river gauging stations and the boundaries
of the catchment areas for the water years 1978-1980. The planning and actual
collection of data were undertaken by the Hydrology and Water Resources (HWR)
Programme of WMO.

2.2.2 l tor ld Cl imate Research Programme (WCRP)

The World Cl imate Programme (WCP) was formal ly establ ished in 1979.
The research component of the WCP, called the World Climate Research Programme
(VrcRP), was seen to incLude many research act iv i t ies related to the second
objective of GARP. The general goals of the WCRP have been formulated in
terms of three specif ic object ives or streams of c l imate research, each
corresponding to di f ferent kinds of c l imate predictabi l i ty on di f ferent t ime
scal.es, as fol lows:

(i) ä:::i,?liii-", ;:":::i?il"L:l:_:::i:";:.ii::"n::;"?13. o., .,*"
scales of one to two months.

( i i )  Second_Stream: to understand and, eventual ly,  to predict  the
variations in the heat transport by ocean currents and the

::::ff::?*:'J::';:::::""f ,:1""::ä:iH#,3"i:'::"",a1 years .
( i i i )  Ihfrd Stream: to understand the causes of long-term cl imate

trends and to assess the potent ial  response of c l- imate to
natural  or human inf luences, over periods of several  decades.

The development of climate models, in which the elements of the climate system
are coupled together,  is an essent ial  component of al l  three streams of
cl imate research. One of the highest scient i f ic pr ior i t ies of 9f ,CRP is to
improve the parameterization of processes that control the fluxes of momentLrm,
water, energy and gases between the atmosphere and the ocean and land sur-
face. For this,  gIobaI cl imatological  data sets are essent ial  not only for
the development and testing of parameterization schemes but also for the
val idat ion of outputs of c l imate models.

Thus, there is an on-going need to continue the collection and
processing of information on the hydrological cycle, begun during the FGGE.
The recent endorsement by WMO and ICSU of the proposal to undertake the
preparation of a Global Energy and Water Cycle Experiment (GEWEX) as one of
the major projects of the WCRP, beqinning in the 1995-2000 t ime period, is a
further clear indicat ion of the need to cont inue the col lect ion and processing
of runoff data.

2 . 3 Needs of  Cl imate Model lers

P.  Rovrntree of  the U.K.  Meteorological  Of f ice descr ibed the needs of
c l imate modeLlers for  water  runof f  data.  Basical ly ,  runof f  enters in to
c l imate models at  two points:  f i rs t ,  in  the land model  which must  est imate
the amount of runoff for given fluxes between the atmosphere and the land
surface, and second, in the ocean component of the modeL, where the runoff
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enters the ocean and modif ies the water propert ies. These require di f ferent

tlpes of runoff data for validation. In the land context, the need is for

fäcaf gr id scale data derivable from observat ions for smal1 catchments,

althoulh integrated data for larger catchments would also be of value. In the

ocean context, the need is for data on the input to the oceans, both at major

river outlets and from groundwater and smaLl streams, if they are of

comparable size.

A br ief  review of the structure of c l imate models \" tas presented. A

description of the major terms of the land surface water budget was provided.

These included the inputs (precipi tat ion and snow melt) ,  inf i l t rat ion and

surface runoff, petcolation and deep runoff' and evapotranspiration' It was

clear that the räte of runoff in the system is a significant one and it is

important that the runoff processes are adeguately represented in climate

models. I f  the precipi tat ion is real ist icat ly simulated, i t  is possible that

observed aata could bä used to improve the simulations by using the inforna-

tion they provide to adjust the model formulations of runoff on the soil

character ist ics.  f i rst ,  the hydrological  parameter izat ions would be improved

using nrnoff  data for areas where the soi l  character ist ics are relat ively wel l

known. Then, the validations would be employed Lo diagnose soil character-

ist ics in other regions. Given a suff ic ient quant i ty of data, for example a

multi-year runoff series and a limited number of parameters in the hydro-

Iogical system, an appropriate mathematical technique could perhaps be devised

to determine al l  parameters for a region or group of gr id boxes.

Runoff is of considerable significance for the oceans through the

ocean salinity or freshwater budget equation. The importance of runoff to the

ocean would be expected to be a maximum in the proximity of major rivers and

where the ocean iä part icular ly sensit ive to the sal ini ty.  However,  the

sensitivity of the ocean to runoff variations has not been assessed in a

systematic lray, but some conclusions could be drawn from studies conducted in

the past. The runoff from rivers into the Arctic Ocean aPpears to have a

signif icant effect on the ocean circulat ion. In the tropics'  the effects on

the circulat ion may be smal l  or di f f icul t  to detect because of the general ly

more intense currents, the more important roles of precipitation and

evaporation, and the inherently more stable vertical structure'

fol lows:
The needs of climate modellers for runoff data were summarized as

(i) Models could use local runoff data averaged over a gridbox to

val idate and cal ibrate several  aspects of land surface
parameterizations. However, to do this properly requires

äxtensive meteorological and hydrological observations. The

WCRp Hydrological-Atmospheric Pilot Experiments (IIAPD('s) have

been designed to provide these observations. Good quality

runoff data sets for specific regions/groups of grid boxes

would also be useful  for such val idat ion exercises. IdealIy,  a

few regions represent ing di f ferent cl imates, e.g. temperate
(some snow, unfrozen ground),  cont inental  ( f rozen soi l  in

winter),  subtropical  with dry season, tropical  with large

runoff, should be analysed. Areas with minimaL human

interference would be needed.
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(ii) Global runoff data sets (monthly/annual means and measures of
interannual var iabi l i ty) ,  with indicat ions of rel iabi l i ty,  are
needed to provide global validati.on of climate models.

(ii i) Monthly data on runoff into the oceans are needed for
validation of coupled ocean-atmosphere climate models. These
are also l ikely to be required by ocean model lers,  in the
context of the World Ocean Circulation Experiment.

A complete text of  P. Rowntree's presentat ion is included in Appendix C.

2.4 Hvdroloqv Reguirements

Although the requirements for the construction of global runoff data
sets vtere ini t ia l ly based on the needs of the meteorological  and cl imatological
communities, many of those actually involved in the collection and processing
of the data recognized the considerable potential value of the information to
hydrologists.  With t ime, this value had been recognized more widely and
growing interest in the work of the GRDC was shared by both climatologists and
hydrologists.

Hydrologists, in common with others working in the geophysical
sciences, have a substantial need for field data on which hlpotheses could be
developed and tested. The Global Water Runoff Data Project was viewed as
being part icular ly valuable, in this regard, because the data being col lected
came from every region of the world and this would encourage the development
of analytical and modelling techniques that would be applicable more widely
than those based on data from only a single country or region. This applied
to work being done on grid area estimation as well as on techniques for the
assessment of water resources or the forecasting of floods and droughts.

It was recognized that interest among hydrotogists in the work of the
GRDC was also due in large measure to the significant increase in recent years
in large-scale, even globaI,  studies of a hydrological  nature. The occurrence
of widespread droughts and the need for a better understanding of the inter-
dependence of hydrological phenomena over comparatively large distances have
Ied to the undertaking of such studies, which in turn require data on surface
water and other hydrological elements on a continentaL or global scale. The
meeting noted that a proposal was made at Lhe recent eighth session of the WllO
Commission for Hydrology (Geneva, 24 OcLober-4 November 1988) for the quasi-
real-time monitoring of hydrological elements on a global extent, as a basis
for detecting variability and change. The GRDC could play a significant role
in such an act iv i ty.

For the above reasons, the meeting felt that the GRDC should see its
role as serving both the climatological and the hydrological communities.
Great benefit was seen, therefore, in the GRDC establishing contacts with a
broad range of similar institutions, at both national and international
levels,  so as to ensure that maximum use is made of the faci l i t ies and
services it offers and to seek wide support for and recognition of the work
it has r.rndertaken to do.
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3. GLOBAL RIJNOFF DATA CEIIITRE

3.1 Background and Arranqements

The WMO Hydrology and Water Resources Department was entrusted with
the task of organizing the collection and processing of surface water runoff
data for use in the val idat ion of atmospheric general  c irculat ion models
(GCt' Is),  as part  of  the FGGE. In addit ion, var ious other projects within the
World Climate Programme and the WMO Hydrology and Water Resources Programme
need surface water runoff data such as those originally collected for the
FGGE. For this reason, the collection and storage of these data are now being
cont inued on a long-term basis.

From 1983 to 1987, the Inst i tute for Biocl imatology and Appl ied
Meteorology of the University of Munich, in the Federal Republic of Germany,
served as the l,l l"IO Gtobal Runoff Data Centre. During this period, the centre
entered dai ly f low data for over 3,600 stat ions-years for the period 1978-
1980. The Inst i tute also began the digi t izat ion of catchment boundaries,
which were planned to be archived with the runoff data.

On 1 May L987, a permanent Global Runoff Data Centre (GRDC) was
establ ished at the Federal  Inst i tute of Hydrology in Koblenz, Federal  Republ ic
of Germany, under the auspices of the WMO. By early 1988, the GRDC had
entered data received from about 50 countr ies for the period 1981-1983. The
data processed by the University of Munich had been transferred to the GRDC in
Koblenz.

3.2 Responsibi l i t ies and Funct ions of the GRDC

The GRDC operates for the benefit of glMO Members and the international
scientific community. It provides a mechanism for the international exchange
of data pertaining to river flows and surface water runoff on a continuous
long-term basis. The GRDC receives data, through the !,lMO, from many sources.
While every attempt is made to assure reasonable standards for data quality
and related documentat ion, the ul t imate responsibi l i ty for data rel iabi l i ty
lies with the data contributors and not with the GRDC. All data, archived at
the GRDC, are avai lable to users upon wri t ten request or personal v is i t .

The GRDC has prepared documentation describing the data bank and
retr ieval service. This information is being distr ibuted to al l  countr ies.
Arrangements are being made through the WMO to collect new data from countries
which have supplied them in the past and data from 1978 from those countries
which did not respond to the original request. The GRDC collaborates with the
WMO in a number of projects related to runoff data, such as the development of
a methodology for transferring river flow data to grid values. The GRDC plans
to issue an annual global runoff monitoring report based on available river
f low data.

A detai led descript ion of the responsibi l i t ies and funct ions of the
GRDC is provided in Appendix D.

3.3 Data Col lect ion, Checkinq and Storaqe

The first request to countries for daity flow data for the FGGE
(1978-1980) was circulated in August 1982. The intent was to obtain a global



set of flow data for use in validating GCM outputs on a regular horizontal
g r id  (e .9 .  2 .5o  la t i tude  x  2 .5"  long i tude) .  I t  was  recogn ized tha t  hydro-
metr ic networks were not consistent with a regular gr id array. Since
interpolat ion techniques would be necessary, in most cases, to derive runoff
values for a regular grid array, hydrometric stations in each country had to
be selected according to the fol lowing cr i ter ia:

( i )  Uniform distr ibut ion consistent with network condit ions, with
higher densit ies in areas of rapid var iat ions of f low.

( i i )  Coverage, to the greatest extent possible, in each type of
hydrologically homogeneous region of each country.

( i i i )  Ava i lab i l i t y  o f  good qua l i t y  da ta .

To faci l i tate data interpolat ion and to obtain measurements which
direct ly ref lect the var iat ion in t ime of local meteorological  condit ions, the
fol lowing were observed in the select ion of the r iver f low stat ions:

( i )  Data should be obtained from relat ively smal l  r iver basins (up
to  about  5 ,000 km2,  and in  except iona l  cases ,  up  to  10 ,000
kn2 ) . Data from larger river basins would be obtained in
regions where the information from small river basins could not
be obtained.

( i i )  F low data  shou ld  represent  the  na tura l  r i ver  f low;  i .e . ,  they
should be corrected for diversions, abstract ions and redistr i -
but ions by storage.

On the basis of l imited information avai lable to the WMO Secretar iat
on the hydrological conditions in each country, a tentative number of hydro-
metr ic stat ions in each was suggested for considerat ion. The part ic ipat ing
countr ies revised the l ists of stat ions, suggest ing al ternat ive ones in place
of those which had been discontinued, those for which measurements were not
avai lable for the required period, those for which the data were of quest ion-
able guality, and those for which the natural regimes of stream flow could not
be calculated.

Sixty-seven countr ies responded to the request and dai ly r iver f low
data  fo r  L ,200 s ta t ions  were  co l lec ted  (see Tab le  3 .1 ) .  The da i l y  f low data
were submitted on magnetic tapes, diskettes or in documentation form (photo-
copies or pr intouts of yearbooks or observat ion forms).  In addit ion, i t  was
required that the data be subjected to an adequate qual i ty control .  In most
cases, the quat i ty of the data furnished for each stat ion was indicated by
attaching one of the following fJ.ags to the reported values:

( i )  Data  cons idered to  be  o f  very  good gua l i t y ,  i .e . ,  accura te  to
wi th in  +5%.

( i i )  Data  cons idered to  be  o f  good qua l i t y ,  i .e . ,  accura te  to  w i th in
+5 to  +L02.

( i i i )  Data  cons idered to  be  o f  modera te  qua l i t y ,  i .e . ,  accura te  to
wi th in  +10 to  +20%.

( iv )  Data  cons idered to  be  o f  poor  qua l i t y ,  i . .e . ,  accura te  to  no
bet te r  than +202.
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(v) Data amended in l ight of  qual i ty control  checks.

(vi)  Data derived in order to complete a missing record.

The cal l  for supply of dai ly f low measurements for the same stat ions
for the years 1981-1982 went out in June 1984. In addit ion, countr ies were
requested to provide maps of the catchment areas for each stat ion, in order to
enable users to interpret the f low data in terms of gr id values. About 50 of
the 67 part ic ipat ing countr ies suppl ied the data and maps for approximately
500 catchments.

Table 3.1.  GRDC Summary Reqister  of  Hvdrometr ic  Stat ions

Country Number of stations

Dai lY
(WI"IO Col lect ion)

with archived f low data

Monthly
(Unesco Pub. )

Afghanistan
Albania
Algeria
Argentina
Austral ia
Austr ia
Bangladesh
Belgium
Bol iv ia
Braz i l
Bulgaria
Burkina Faso
Burma
Cameroon
Canada
Central African Republic
Chad
Chi le
China
China (Taiwan)
Colombia
Congo
Costa Rica
Cuba
Clprus
Czechoslovakia
Denmark
Dominican Republic
Ecuador
Egypt
E1 Salvador

;
T2
1 9
1 0

1
3

6
T 4

5

1 3
7 8

3
2
5
8
1

t2
T2

5
7
2
3
3
5

1 4
5
5

1 8
1 3 5

3

2

1 1 ;

-
I

4

205

1 1

4

7
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Country Number of stations with

Dai  Iy
(WMO Col lect ion)

archived flow data

Monthly
(Unesco Pub. )

Ethiopi.a
F i j i
Finland
France
France (Guade.l"oupe)
France (Martinique)
France (Reunion)
French Guyana
French Polynesia
Gabon
Gerrnany, Federal Republic of
Gerrnan Democratic Republ ic
Ghana
Greece
Guatemala
Guinea
Guyana
Honduras
Hongkong
Hungary
fceland
India
freland
Iran
Irag :
IsraeI
I taly
Jarnaica
Japan
Jordan
Kenya
Korea, Democratic

People's Republ ic
Korea, Repubtric of
Lesofho
Liberia
Libya
Luxembourg
Madagascar
Malawi
Malaysia
Mal i
Mauri tania
l"lauritius
Mexico
tvlongol i.a
Morocco
Moz,ambique

2 L
z

1 1
9
I

1
2
2

9

;z

;
5
5
2
8

:

1 1

;

t

;

;

t 0

3
8
1
I

I

1
I
1
3
az

5
2
4
5

4
4

4 4
7

1 0
4
2
5
3
5
2
1

7
I
4
,_

a

3
10

6

E

3 2
6
2
I

4 ;
1

:
4

2
I

2 8
,_
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Country Number of stations

Da i lY
(9{MO Col lect ion)

wi th archived f low data

MonthlY
(Ünesco Pub. )

Netherlands
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Phi l ippines
Poland
Portugal
Romania
Senegal
Sierra Leone
Singapore
South Africa
Spain
Sri Lanka
Sudan
Suriname
Sweden
Switzer land
Syria
Tanzania
Thailand
Togo
Tunisia
Turkey
Uganda
United Kingdom
Uruguay
USSR
USA
Venezuela
Yugoslavia
Zambia

1
1
I

14
4
3
1
3

10
1
1
4

10
4

14
4

1 3
7
1

5
7
3
4
3
2
4
z
5
1
6
5
7
4
z

8 6
90
L2
4
3

2
2
6
5
5

10
2 4

:

'1

5

;
2 6'1

4
L2

3

12
1 1
2

;
L2

1 3

1 5
4

146
L20

1200 8 5 4


