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1. Preface

This report has been prepared in response to the request of the Global Energy 
and Water Cycle Experiment (GEWEX) of the World Climate Research 
Programme (WCRP) of the World Meteorological Organization (WMO) and the 
International Council of Scientific Unions (ICSU). For GEWEX, "Estimates of 
the quantitative runoff of fresh water from continents into the oceans or from 
one large land area to another are an important requirement.." (WCRP 1995). 
The rational behind this Statement is that the knowledge of river runoff into the 
oceans is an important component to understand the land-ocean interaction 
processes which ultimately can enhance the skill to predict climate behaviour. 
Likewise important, the river runoff into the oceans is presently not included in 
General Circulation Models (GCMs). The knowledge of river runoff into the 
oceans allows the closure of the global hydrological cycle.

A major dient of this report is the Global Environment Monitoring System - 
Water (GEMS-Water) of the United Nations Environment Programme (UNEP). 
GEMS-Water with regard to this report is concerned with the computation of 
global fluxes of suspended and dissolved matter including pollutants into the 
oceans. An issue in this respect is also the quantification and closure of the 
carbon cycle between land surfaces, atmosphere and the oceans.

The providers of the data have the primary responsibility for the quality of the 
data. Though efforts have been made to avoid errors, this possibility cannot be 
entirely excluded. The staff of the GRDC welcomes comments which help to 
correct possible errors and could enhance the utility of the presented 
information in a future update of this report.

2. Introduction

The freshwater runoff from continents into the oceans is of major interest in 
research concerned with global monitoring of freshwater resources, the flux of 
matter into Coastal areas and the open oceans, and the influence of freshwater 
fluxes for climate circulation patterns on regional and global scales. For 
clarification: While in climatology the term "freshwater flux" is used for both, 
precipitation and river runoff, this term is exclusively used in this report for 
river runoff.
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Two target groups can be identified for this GRDC Report:

Research groups involved in climate modelling, ooean-atmosphere 
interactions and hydrological research of the global hydrological cycle.

Research groups involved in the assessment of fluxes of matter including 
pollutants from continents into the oceans and research which aims at an 
assessment of the consequences of pollution for Coastal and marine 
environments, regional and Continental freshwater assessments and land- 
ocean Interface processes in a wider sense.

The viewpoint in this report is two-fold: From the view of Continental 
freshwater resources (excluding groundwater) and from the ocean side to give 
an assessment of Continental fluxes into the world oceans. The key question 
which has been tried to answer on the basis of the GRDC database was: How 
much water is ßowing from the continents into the world oceans? Three 
numbers for gauging stations are used in the report: While 194 stations were 
used for the calculation of the fluxes from the continents, a subset of 161 
stations were used for the computation of fluxes to the oceans, excluding 
stations of rivers draining into the Baltic and the Mediterranean Sea. An 
analysis of the number of stations needed to represent the freshwater runoff 
from contintents into the oceans reveals (chapter 8), that less than 150 stations 
are required.

3. Areal coverage and presentation of the database

Map 1 shows the location of all stations used for the runoff calculations. 
Altogether, 194 river gauging stations close to the mouth of the rivers have 
been identified for the computations.

Figure 1 gives an overview of the areal coverage of drainage basins in the 
GRDC database in relation to the size of the continents. Australia in this 
context includes also Oceania (New Zealand and the islands). While for Europe 
and South America the percent coverage exceeds 50 %, the territory of North 
and Central America as well as Asia is not reaching the 50% mark. Low 
coverage is achieved for Africa and Australia, largely because of the extensive 
desert areas. The drainage basin of the Nile in Egypt for example has not 
completely been accounted for because the desert area does not contribute to 
the runoff of the Nile. Rather, a net loss occurs until the discharge of the Nile 
into the sea because of evaporation from the water surface and extensive use of 
water for irrigation.
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Table 1 shows the influence of desert areas on the percentage coverage of 
GRDC basins: When the desert areas are considered, the coverage increases 
markedly for Africa and Australia from 22% to 31% and 15% to 33%, 
respectively. The term "desert" is used here with the meaning of natural deserts 
and not deserts due to environmental degradation. Depending on the various 
definitions, the quantification of desert areas is largely varying.

For the interpretation of the results it is necessary to consider that for the flux 
computations the GRDC basin areas were used and not the Continental land 
areas as is practice with other authors. Principally, the flux figures reflect the 
strictly observed values of only those basins where information was available. 
The rational is, that only parts of the land area are actually contributing to the 
observed flux. From a hydrological viewpoint the extrapolation of basin- 
referenced fluxes from partial areas to Continental areas is problematic, while 
in climatology the areal extrapolation of precipitation and evaporation is 
Standard practice. In figure 3 the GRDC flux values are re-calculated for the 
total land areas to make them comparable to values cited in the literature. When 
related to the total land areas, the re-calculated GRDC values correspond well 
with values of other authors. Especially the re-calculated total flux of 42.3 x 
1015 kg/year from GRDC data corresponds with the value 40 x 1015 kg/year 
cited in CAHINE (1992). Generally, the GRDC values related to observed 
basin areas are somewhat lower than from other authors, in part because 
groundwater fluxes into the oceans were not considered here. As can be shown 
in chapter 8, the number of selected GRDC stations is sufficient to represent 
the average annual runoff from river into the oceans.

In annex 1, maps show for each continent the location of the gauging stations 
used for the computations, followed by a catalog with Station and time-series 
information. This is followed by a table showing the overlap of time series of 
rivers. The tables demonstrate that for all continents, the time series are not 
homogenous and that in fact there are only few rivers with completely 
overlapping time-series. This underlines the need to call for data to close these 
time gaps. The next two tables show principal hydrological characteristics for 
selected rivers. In annex 2, the hydrographs of selected rivers together with the 
flow variability are presented for each continent.
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4. Mainstream problems in the context of this report

A few remarks are made here to outline mainstream problems for which 
Information about river fluxes from continents into the oceans is needed. In this 
context, problems in climate modelling taking into account land-based 
hydrological and ocean-atmosphere processes as well as issues of land-based 
sources of pollution of the oceans and especially the Coastal areas are briefly 
mentioned. It is not attempted to be exhaustive or complete in the context of 
this data-based report.

4.1 Ocean-atmosphere processes

The mixing of fresh water with saline water is mainly driven by density 
differences between fresh water and salt water bodies and the resulting buoancy 
behaviour, temperature and the effect of wind fields which disturb the thin 
upper layer of ocean waters (WEBSTER, 1994).

These interactions influence to a large extend the evaporation from ocean 
surfaces which in return is the driving mechanism for lateral energy transport 
into the atmosphere. Thus, the ocean-atmosphere interaction has a key role in 
the formation of local, regional and global climate circulation patterns. The 
quantitative aspects of these general processes are still not fully understood. As 
can be seen from table 4, the Arctic Sea can be understood as the freshwater 
pool for the other oceans.

It can be demonstrated, that an increase of the freshwater fluxes into the Arctic 
Sea (e.g. by increased river runoff and/or increase of meltwater from the polar 
cap) would reduce the atmospheric warming effect of northward driven Atlantic 
ocean currents (e.g. the Gulf Stream) which would result in a dramatic cooling 
of most of Northern Europe.

The flux of freshwater from river runoff generally decreases the density of the 
oceanic salt water, thus increases the buoyancy and stabilizes the upper surface 
water layer which then can be heated by solar radiation. This effect is expected 
to be effective in Coastal areas with large river fluxes (e.g. the Amazon or the 
Brahmaputra especially because the discharge of the Brahmaputra into the 
relatively narrow Bay of Bengal, where brackish water can be detected for 
almost 300 km out in the bay during low tide). Changes of freshwater discharge 
into Coastal areas are thus effectively influencing the salinity, mixing patterns 
and ecological conditions of Coastal waters.
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4.2 Global climate behaviour and modeliing

Due to its unique physical properties, water is the most important medium for 
energy exchange processes between land, oceans and the atmosphere.
Untii presently, the understanding of the role of water is not sufficient to 
quantify with sufficient accuracy its role in the formation and maintenance of 
climatic patterns and changes. Noting this deficiency, CAHINE (1992) States 
that the Global Energy and Water Cycle Experiment (GEWEX) was initiated 
"to observe and model the hydrological cycle and energy fluxes to the 
atmosphere, at the land surface and in the upper oceans". To simulate the 
present climate and with a view to predict regional and global climatic changes 
under influences viz: greenhouse gas emissions, atmospheric global circulation 
models (GCM) have been constructed. Though good progress has been made in 
the accuracy of GCMs on a global scale there are several deficiences some of 
them are outlined below: Amongst other deficiencies (see below) present GCMs 
do not adequatley reproduce the water and energy budget of large cloud 
Systems which are a major component of the extra-tropical region. The 
accuracy of these GCMs determine the accuracy of water resources assessments 
and their impact on the socio-economic conditions of mankind. Despite great 
progresses made in the last few years in the development and accuracy of 
GCMs, there is a strong need to validate model-generated streamflow into the 
oceans against observed runoff.

The deficit in the availability of global data sets of river discharge untii recently 
is probably one of the reasons, why in most GCMs river runoff is not explicitly 
used or only in a simplified way. Attempts have been made to estimate global 
runoff using atmospheric water balances (RUSSELL and MILLER, 1990; OKI 
et al 1993) and compare the results with observed river runoff. OKI et al 
(1993) have used a four dimensional global data assimilation to estimate the 
world water balance and compare it with the GRDC database. The rather good 
coincidence of estimated and observed runoff for a number of basins in the 
northern hemisphere and the large error in basins elsewhere indicate the 
"importance of accurate routine observations of both atmosphere and river 
runoff" (OKI et al (1993)).

The presently observed broad bandwidth of estimates of precipitation, 
evaporation, river runoff calculated from climatic water balances is evident 
from table 5 and figures 2-5 and 9-16. A few reasons for these differing 
estimates are outlined: Precipitation fields over the continents are still 
inaccurate, e.g. recent studies show, that precipitation over the southeastern 
United States has been overestimated.
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Overestimation of precipitation and underestimation of evapotranspiration 
however leads to an overestimation of computed river runoff. LEGATES and 
M ÄTHER (1992) point to an important source of error in modelling: If large 
values of corrected precipitation measurements (which increase the corrected 
precipitation value by 23% for Europe but only 5.8% for Africa) are used 
without adaptions of the gauge-observed potential evaporation, the modeled 
runoff is overestimated. Present GCMs seem to be deficient to simulate lateral 
atmospheric moisture transport when the topography of high mountain ranges 
which form a dominant control in moisture transport is inadequately represented 
in the models. Orographic effects have not been treated adequately, mainly 
because of the low grid-resolution of most current GCMs (WCRP 1996). 
RÜSSEL and MILLER (1990) noted that an improved parametrization of 
groundwater storage and evapotranspiration is needed to improve model runoff. 
This Statement gains importance when considering the fact, that ground-based 
evaporation measurement programmes have been halted by a number of 
governments and ground-based evaporation observations become more scarce. 
ROWNTREE and LEAN (1994) note that groundwater storage needs to be 
modeled to simulate runoff more precisely. The literature review on coupled 
land-atmosphere models with regard to the energy and water cycle processes 
strongly indicates that knowledge about the space-time and Status of soll 
moisture/wetness is crucial.

A particular short-coming of many present GCMs is their insufficient ability to 
simulate realistically lateral water transport from one grid-cell into another 
(MARENGO et al (1994)). This means that the inter-grid transport of surplus 
water into neighboring grids is ignored which leads to the modeling of an 
incomplete hydrological cycle.

Recognizing this short-coming, KITE, DALTON and DION (1994) have 
published a hydrological model for the Mackenzie river that shows that the use 
of a hydrological model together with GCM data provide a better representation 
of the observed river discharge. Similarly, SAUSEN, SCHUBERT and 
DÜMENIL (1994) have presented a linear advection model of river runoff for 
use in coupled atmosphere-ocean models which qualitatively rather well 
represents the observed river runoff.

Macroscale hydrologic models gain importance in their linkage to climate 
simulations. A promising approach in macroscale hydrological modeling is a 
hierarchical nested System of models including physically-based hydrological 
models, a soil-vegetation-atmosphere transfer scheme (SVAT), a mesoscale 
atmospheric model and a GCM which has been successfully applied inter alia 
to the Amazon river (YÖRÖSMARTY et al (1993)).
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In line with this approach, a simplified vertical process description and a 
Statistical representation of the runoff and energy balance has been proposed by 
FAMIGLIETTI and WOOD (1994), who propose the resulting macroscale 
model as input for atmospheric models. The practical use of GCMs and 
macroscale hydrological models for operational hydrology is often 
underestimated owing to the fact that present GCMs were not developed to 
assist hydrologists and decision makers in water resources management on 
regional scale and the nested approach to macroscale hydrological models is 
quite recent and under rapid development. LOAICIGA (1996) cites such models 
which have been used to predict conditions for flood control, water storage and 
water supply in semiarid midlatidudinal climates of the United States under 
greenhouse warming scenarios. The International Commission of the Rhine 
basin (CHR) also implemented a project to quantify the impacts of climate 
change on water resources management on the Rhine river, using GCM-derived 
climate change scenarios and the approach to use catchment and macroscale 
hydrological models to quantify the consequences of changes in the hydrological 
regimes with regard to floodflows and lowflows (GRABS (1995)).

Aside from river flux calculations into the oceans it is also important to obtain 
more information about fluxes into closed basins of continents to account for 
the lag-time of water in basins. This information is crucial to calculate regional 
water and energy budgets: The example of the Niger river shows that about 
50% of the river discharge is stored and partially evaporated in the inner delta 
of the Niger. Likewise, the influence of large lakes and reservoirs on regional 
water vapour and energy fluxes is not known.

4.3 Fluxes of matter and pollutants

Rivers are the major transport media for matter and pollutants from the 
continents into the oceans and are sensitive indicators for land use changes, e.g. 
deforestation which result in an increase of Sediment and suspended matter 
transport. Major pollution sources are large industrialized conurbations with 
associated waste water discharges into rivers, agriculture through release of 
fertilizers, pest and weed-control Chemicals and to a largely unknown degree 
pollutants dissolved and suspended in precipitation which enter the river 
through interflow and groundwater transport. Increasingly, persistent organic 
Chemicals can be traced in river discharges which may severely impair 
reproduction in aquatic ecosystems. To study these problems and assess their 
impacts the International Geosphere-Biosphere Programme (IGBP) has launched 
a project "Land-Ocean Interactions in the Coastal Zone" (LOICZ).
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Considering, that the Coastal zones (200 m above to 200 m below the sea 
surface) are home to more than 60% of the world’s population, supply 90% of 
the world fish catch and account for 8% of the ocean surface (all figures from 
IGBP (1994)), the importance of discharge and associated water quality 
information from rivers into the oceans becomes evident. One of the objectives 
of LOICZ, to "assemble an electronic, global database of existing river 
discharge data" (ibid. 1994) is already realized in the GRDC. Likewise, the 
GRDC is well capable to contribute to task 1.1.2 of the LOICZ project 
"Determination of temporal variations in discharge characteristics for selected 
and representative rivers". The second phase of the Global Environment 
Monitoring System-Water (GEMS/Water) identified as one priority area the 
study and monitoring of land- based sources of pollution for which Continental 
river fluxes close to the mouth is a conditional requirement (UNEP 1995).

5. Computation of freshwater fluxes

The GRDC database was searched for all rivers draining into the world oceans. 
The gauging stations closest to the mouth of each of the selected rivers were 
then used for the computations. For each selected gauging Station the entire 
time series was used for the computation. Only original, observed data were 
used, data gaps were not statistically filled up. In the selection routine, all years 
with missing mean monthly values were excluded from the computation. Runoff 
was computed as mean monthly runoff for the available time series of each 
selected Station.

This method has two principal consequences:

The entire database for the selected rivers and gauging stations could be 
used.

The time series for the computation is not homogenous as the time series 
for each gauging Station are not completely overlapping in time, and the 
duration of the time series varies for each Station. Thus, deviations in the 
results can be expected for the yet theoretical case that for all rivers 
homogenous time series had been available.
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The average length of time series for the computation is 26 years.

Continent Africa Asia Australia Europe North
and
Central
America

South
America

Average length 
of times series 
(years)

21 24 11 53 24 20

Table: 2 Average length of time series for the computation of Continental
runoff into the oceans.

Rivers discharging into the Caspian Sea were excluded from the runoff 
calculations. Specifically, from Asia, the Ural river at Kushum with a mean 
annual discharge of 9 km3/a, and from Europe the Volga at Volgograd 
Powerplant (255 kmVa) and the Kura at Surra (17 km3/a) were excluded. For 
the computation of freshwater fluxes into the world oceans, the Mediterranean 
and the Baltic Sea have also been excluded (see also remarks in chapter 7).

6. Computation of the Continental runoff

The computation of the runoff from each continent was carried out using the 
mean monthly discharge for the respective stations and for the entirely available 
time series without missing values and relating it to the size of the entire 
continent.

In table 3 the mean annual runoff has been calculated as well as the total annual 
volume of discharge. Due to the influence mainly of the Amazon river, South 
America has the largest freshwater flux into the Atlantic Ocean.

Australia and Oceania on the other hand have the lowest yield since most of the 
rivers have relatively small drainage basin sizes with the exception of the Sepik 
river in New Zealand. The computed runoff from continents is compared with 
results from several other authors (table 5 and figures 2-5). The data from 
BAUMGARTNER and REICHEL and SELLERS is cited in PEIXOTO (1993). 
Except for SHIKLOMANOV (cit. in GLEICK (1993)) who has used observed 
data, the other considered authors calculated Continental runoff as difference 
between precipitation and evaporation. The resulting runoff estimates differ 
largely from each other, mainly because of largely differing precipitation and 
evaporation estimates. This is especially visible in the estimates for Australia.
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The discrepancies between the runoff calculated by SHIKLOMANOV (ob. cit.) 
and the GRDC can be partiy explained by the different calculation methods and 
database uses: Whiie SHIKLOMANOV has used time series with interpolated 
values where observed values were missing, the GRDC has used only complete 
time series and excluded series with missing values.

The database of the GRDC is also more comprehensive, which is especially 
valid for the African river basins, where the GRDC holds a rather complete 
data set of the Niger river. The discrepency between runoff computations for 
North America is explained in chapter 8).

In general, GRDC-runoff and runoff computed as difference between 
precipitation and evaporation (R = (P-E)) coincide well for Europe and Asia 
after BAUMGARTNER and REICHEL (fig. 2 ), and with a somewhat less 
good fit after SHIKLOMANOV (fig. 4) and for Asia after SELLERS (fig. 3).

7. Computation of freshwater fluxes into the oceans

The Baltic Sea has been excluded from the flux calculations into the oceans as 
the Baltic Sea is not treated in this report as seperate "ocean" or part of the 
Atlantic. However, if one views the Baltic Sea and its surrounding landmasses 
and rivers as the "Baltic Basin" with a size of 2.1 x 106 km2 with its main 
outlet being the narrow Skakerrak Strait, the flux of low salinity water into the 
Atlantic is estimated at 470 kmVyear (BALTEX (1995)), which contributes to 
the circulation pattern of the North Atlantic. Likewise, the Mediterranean Sea 
has been excluded for this calculation.

The Continental runoff as described in chapter 6 had been seperated to compute 
the freshwater flux from the rivers into the world oceans. Figures 6 and 7 
graphically display the mean annual runoff and discharge, respectively, into the 
oceans from GRDC data and table 4 shows the freshwater fluxes from the land 
surfaces into the different oceans and relates that figure to the findings of 
BAUMGARTNER and REICHEL as well as to the surfaces of basin areas 
draining into the oceans and the ocean surfaces. It is apparent, that the Arctic 
Ocean receives about a third of its total freshwater flux (P+R) from river 
runoff and in comparison to its size receives the largest freshwater runoff of all 
oceans. The Atlantic Ocean receives the largest freshwater flux from rivers of 
all oceans but shows also the greatest net deficit Precipitation - Evaporation (P- 
E). The Indian Ocean receives the least freshwater flux from rivers and also 
shows a P-E deficit, whereas the Pacific Ocean being the largest in size is the 
only ocean besides the Arctic Ocean with a positive P-E balance but receives 
the least freshwater flux from rivers.
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Table 4 therefore indicates the dominant role of the Arctic ocean as main 
recipient of freshwater fluxes from river runoff and - relative to its basin size - 
from precipitation.

Figure 8 shows the Continental freshwater fluxes into the oceans based on 161 
GRDC stations. For this calculation, the mean volume of discharge for the 
available time-series has been cumulated for all rivers draining into the specific 
oceans. The numbers shown in the figure are therefore dependant on the 
number of stations used for the calculation.

Based on figure 8, table 6 displays the absolute freshwater volumes discharged 
into the oceans in different latitude bands. No data are available in the GRDC 
from freshwater fluxes from the Antarctic ice shield.

83% of the freshwater fluxes flow into the northern oceans while only 17% of 
freshwater fluxes flow into the Southern oceans, where the Amazon dominates 
the freshwater flux into the Atlantic.

It is of climatological importance, that 65% of the calculated freshwater volume 
discharge into the oceans in the tropics in the latitude band 0° - 23° both sides 
of the equator ando13% into the Arctic. 22% of the freshwater volume occurs 
in the latitudes 23 - 60 . The latitude bands 23 - 40° North and South of the 
equator receive a total of 13.2% of the global total freshwater flux and thus can 
be compared with the flux into the Arctic Ocean. However, the subtropical 
latitudes account for most of the evaporation over the oceans.

8. Validity of the GRDC database

For the interpretation of the results it is important to show, how representative 
the database is for the computations. In a number of cases, the gauging stations 
of rivers draining into the oceans are quite far away from the actual mouth of 
the river. This has pragmatic reasons, as it is very difficult or barely impossible 
to gauge rivers in tidal influenced delta areas. The consequence is that 
discharge from upstream stations does not account for the downstream 
hydrological processes in areas extending over often several 1000 km2. 
Likewise, streamflow from stations at the mouth of the rivers do not always 
account for upstream hydrological processes e.g. evaporation from wetlands, 
lakes and reservoirs which in return have to be calculated as transport losses in 
GCMs (ARNELL (1995). From the viewpoint of the GRDC it would be 
important to initiate a global discharge measuring Programme for selected large 
rivers at the nearest possible site near or at the mouth of large rivers.
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In this way the runoff contribution of the area not gauged by regulär stations 
could be assessed and statistically correlated to the gauge height - discharge 
relationship at the nearest regulär gauging Station.

For several rivers however, e.g. the Niger river, the Station in the GRDC 
database is not the nearest Station to the mouth of the river: A large part of the 
drainage basin of the Niger could not be considered because the Station 
available nearest to the mouth of the Niger is at Gaya, well in the upper middle 
course of the river. In these cases, it must be tried to obtain the data for the 
Station which actually is closest to the mouth of the river. In the database are 
also rivers which receive a substantial increase in runoff from tributaries below 
the Station nearest to the mouth of the river. In these cases, the tributary river 
discharging below that Station into the main stem of a river has also to be taken 
into account for the flux computations: The Obidos Station is the closest Station 
to the mouth of the Amazone; however, below that Station the Xingu river 
discharges into the Amazone and thus is included in the computations.

To indicate the number of necessary rivers and gauging stations globally and 
for each contintent which are necessary to monitor global/continental runoff, 
the following method was used: From the information presently available in the 
GRDC database, the size of drainage basins of rivers draining into the oceans 
has been ranked in decreasing Order on a global scale and for each continent. 
Following a Suggestion of M. MEYBECK (personal communication), for all 
stations close to the mouth of the rivers, the runoff was computed and then 
cumulated. The results have been plotted into the graphs of figures 9-16. The 
common characteristic of all figures is, that the curve reaches a near- 
asymptotical stage with increasing numbers of rivers. This indicates, that once 
the curve is asymptotic, an increase in the number of rivers does not 
significantly increase the information content with regard to runoff from 
continents into the oceans.

The validity of the Continental and global runoff obtained from GRDC data has 
been checked against runoff estimates from other authors and indicated in the 
graphs. Except for the data from BAUMGARTNER and REICHEL, cited in 
PEIXOTO (1993)) all other authors are cited in LEGATES and MÄTHER 
(1992)). On a global scale, the 10 largest rivers overestimate global runoff, 
whereas for the 25 largest rivers the GRDC-runoff is at the upper limit of 
estimates of the other authors (fig.9). For Africa, the computed runoff is in 
general higher than the estimated runoff of most other authors. This is 
explained by the fact that the GRDC database for Africa is perhaps the most 
complete database of all and therefore contains more valid information (fig.10).
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In chapter 4, the difficuities of runoff estimates from climate observations and 
GCM’s is briefly discussed. For Asia, the 15 largest rivers underestimate the 
average runoff and are then concurrent with the estimates of other authors 
(fig.ll). For Australia and Oceania, the runoff of the Sepik river gives very 
different results. With the inclusion of the Sepik river, the runoff in that region 
is much higher than the estimates from other authors (fig.13). For Europe, the 
GRDC-runoff is at the lower limit of the estimates of other authors (fig. 14). 
The highest deviation between GRDC-runoff and estimates from other authors 
is evident for North and Central America, where the GRDC-runoff calculation 
of 170 mm is lower than the estimates of all other authors (fig. 15). This 
discrepency can most likely be attributed to the influence of rivers with a large 
drainage basin but very low rnoff as is the case for the Colorado river which 
ranks no. 5 in figure 15. Omitting all rivers with less than 100 km3/a, the 
runoff calculated from then 24 rivers would be 189 mm and is thus well within 
the bandwidth of estimates of other authors. The high estimates of other authors 
may in part be attributed to the use of largest rivers in terms of discharge and 
not area. Another reason for the low estimate of the GRDC-runoff for North 
and Central America is that a part of the freshwater flow into the Arctic Sea is 
not monitored with the available gauging stations as the Station density in the 
northern areas is low (1 Station per 200.000 - 500.000 km2) and discharge 
measurements during ice conditions are extremely difficult while the Operation 
of gauging stations is not always reliable. In this way, a considerable part of 
the discharge from permafrost areas may presently not be measured which 
could account for the deficit in observed runoff in North America. In this 
respect it is noted here that present estimates of runoff into the Arctic Sea show 
differences of 50% and more (ACSYS (1992) and GRDC (1995)). For South 
America again, the GRDC-runoff is somewhat higher than the estimates of most 
other authors (fig. 16).

9. Monitoring of freshwater fluxes into the oceans

A long-term objective for climate modeling and coastal/oceanic pollution 
control is to establish a network of monitoring stations to observe in near real
time river runoff into the oceans. The present global network density of theO
GRDC is about 2 stations per 2.5 grid. Many of these stations need to be 
continuously updated (GRABS, WILKE (1994)). While a dense network is 
required for regional and local hydrological studies, a selection must be made 
for hydrological monitoring on a global scale in near real-time as indicated 
above. The Identification of a global network requires an indicator to determine 
the minimum number of stations to calculate representatively the freshwater 
fluxes from each continent into the oceans. It is apparent from the figures, that 
143 gauging stations are required to represent river runoff from continents into 
the oceans.
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The selected rivers and gauging stations which thus could be used for the 
monitoring of Continental freshwater fluxes as well as for global fluxes into the 
oceans are listed in tables 7-12. In this context it is necessary to cross-reference 
to the World Hydrological Cycle Observing System (WHYCOS) which is a 
joint project of WMO and the World Bank. Eventually, WHYCOS is intended 
to consist of a global network of hydrological stations with near-real time 
reporting capability.

Building on GRDC experience, the next Steps to arrive at a Continental and 
global monitoring System can be broadly outlined:

Quality control of the Station data selected for the monitoring System and 
corrective measures where necessary and feasible.

Acquisition of data to obtain homogenous time series for all network 
stations to allow a consistent analysis of the data.

Arrangements with the hydrological organizations which run the selected 
stations to transmit the data to a global monitoring centre. The 
arrangement package will have to include provisions for technical 
assistance to Upgrade the stations and the data transmission facilities.

Continent Minimum number of gauging 
stations

Africa 25

Asia 35

Australia 7

Europe 36

North and Central America 30

South America 10

Total for all continents 143

Table: 13 Number of gauging stations necessary for global runoff monitoring

For the monitoring of freshwater fluxes into the world oceans from all 
continents combined, 25 stations would suffice. The 25 stations are a subset of 
the 143 stations identified above. The Compilation of the database for the 20 
largest rivers has been a first Step to achieve a global observing System (GRDC 
(1994)). However, the spatial resolution is too coarse for large scale or regional 
evaluations.
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iö. Conclusions

On the basis of the GRDC database the freshwater flux has been computed for 
each continent and the flux calculated for the world oceans. The information 
presented serves as baseline information for use in research of the role of 
freshwater fluxes in ocean-atmosphere processes for a better understanding of 
the ocean circulation patterns and climatological implications of freshwater 
fluxes into the oceans.

The data are also the basic information for the computation of transport rates 
and volumes of matter including pollutants into the Coastal areas and the open 
oceans. It is found, that a moderate System of about 150 stations would suffice 
to allow a representative monitoring of river runoff and matter transport from 
continents into the oceans if the institutional capability and technical facilities 
are in a long-term working condition which in itself may be the critical 
boundary condition for a global monitoring System.

11. Outlook

There is a short-term and a long-term view for an outlook:

The computations presented here give a general overview of river runoff from 
continents into the world oceans. From the material presented in annex 2, a 
large variability of the runoff can be observed for each of the rivers which 
tends to be most pronounced during the rainy season. On a short-term basis, 
this report needs to be updated and the attempt made to compute river runoff 
into the oceans taking into account discharge variability. This will give 
researchers the opportunity to account for variability in their general circulation 
models and computations of fluxes of matter and pollutants. The demand for 
global hydrological information has been increasing in the past few years for a 
multitude of research and operational applications. To satisfy the demand for 
information, the GRDC is supplying information from its global network of 
contributing stations. However, more general information with fast update and 
response cycles is required on regional and global scales which makes a 
selection of stations necessary. In a long-term view, the conception and 
implementation of global hydrological Observation and monitoring Systems in 
conceptional analogy to the World Weather Watch (WWW) of WMO will 
require near real-time (in the order of weekly Updates) discharge information of 
selected river gauging stations. If operational, the monitoring System can be 
used in an integrated System to detect early warning Signals for water 
deficit/surplus predictions and the prediction of the hydrologic impact of 
climatic anomalies.
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Where gauge data and discharge information are not sufficiently available or 
are subject to tidal influences which are difficult to correct, discharges should 
be determined (and in any way cross-checked) using water balance calculations. 
A research project is presently being carried out at the Federal Institute of 
Hydrology, Koblenz. In the project, a water balance model using monthly data 
is developed and tested on the basis of a Geographical Information System 
using precipitation and air temperature as principal inputs. In the course of the 
project it is planned to apply this model for Europe.
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Note

Maps produced by the GRDC are not to be taken as necessarily 
representing the view of the GRDC on boundaries or the political 
Status.
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Annex 1

Display of gauging stations used for the computation of Continental river 
ninoff and characterization of time series of discharges of selected rivers

Explanation:

The Information is presented for each continent. The numbers on the maps 
refer to the Station numbers in the following tables. Each table is followed by 
an overview of the overlapping time-series. For selected rivers and stations, 
hydrological information is presented in the following tables.

The information is presented in this order:

Africa
Asia
Australia and Oceania 
Europe
North and Central America 
South America
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Annex 2

Display of hydrological characteristics of selected rivers used for the 
computation of Continental river runoff

Explanation:

The information is presented for each continent. For the selection of rivers see 
annex 1. For each selected river a figure is presented for runoff, average 
discharge, trend of runoff and in a seperate figure the absolute variability of 
discharge observed from GRDC data. The trend line of runoff is omitted in 
cases with considerable gaps in the time series. For several long time series 
with intermittent gaps in the time series, two graphs are presented for the 
partial time series.

The information is presented in this order:

Page
Africa
Asia
Australia and Oceania 
Europe
North America 
South America
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Annex 3

List of country codes used in tables 8-13 (Repräsentative
gauging stations)
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Bii'ÜDEX 3

&RDC-C O U N TRYCODES
iY'AME oode region cocle-rsr ij
i- FGHANISTAN AH 2 2t
jALBÄNIA AB 0 6
j, 25ERIA AL 1 1
g.YiEPJCAN SAMOA ‘ SH 5 S
SARGENTINA AG 3 2
1ARMENIÄ AX 6 s
lAUSTRAUA AU 5 2
■lAUSTRALIA AU s 7
(australia AU 5 1;
AUSTRALIA AU IT

U 4
,lAUSTRAUA AU 5 8
:ÄUSTRÄUA AU 5
AUSTRALIA AU 5 6
(AUSTRIA OS p 2
jAZERBEIDZHAN ÄD 6 Ce

(BANGLADESH BVV 2 6
BELGIUM X 4 2|
IBENIN In- i ?1
BOLIVIA i BO 3 7j

/Ibra, z o
'J 6|

;|BÜLGÄF:.'. ' 6 8!
■(BURKIMA FASO iHV . Q!
BYELORUSSIA ,sy 6

d

~ n
.ICAMEROOf' ü st;
;|CÄMATA !DM 4j kj|
; CENTRAL “RICAN REP. ;CE 1| 7|j
CHAD :CD i 1| L||

[|C-r.f; ■■ ^ \ i H
ilö; :ii ....... ......... .... 1 i!
: CCLUivlBIA :co - o..... ..f.

‘ CONGO C G 5 i 4t
;CCSTA RICA :OS ! 4 8
CCT'i D " ;:T E IIV ! 1 4
icus- ICU i 4 9
ICYFRUS CY ; 6| 1
‘ CZECHOSLOVAKIA ^CZ i 6
I DEM.PEOPL.REP.KOREA |KR ! 2 4
iDENMAFT-; ; JN s 9
ijDCMIMICAN REPUBLIC (DR 4 O

! ECUADOR EQ oo 3
| EGYPT EG 1 .
; EL SALVADOR AS 4 6
i ESTONIA IcO 0 9
ETHIOPIA ! ET 1 5
FIJI iFJ c

FINLANI I 6 3
FRANCE IFR 8 1
FRENCH GUIANA |FG A 5
FRENCH POLYNESIA |PF 5 4
GABON 0 I 1 6
(GEORG ■ Go Qi 9
GERMANY IDL 6| 3



INDEX 3

NAME code region code-nr
GHANA GH 1 5
GREECE GR 6 2
GUADELOUPE MF 4 5
GUAM GM 5 9
GUATEMALA GU 4 4
GUINEA GN i 6
GUYANA GY 3 3
HONDURAS HO 4 5
HONGKONG HK 2 2
HUNGARY HU 6 4
ICELAND IL 6 4
INDIA IN 2 8
IRAN IR 2 4
IRAQ IQ 2 5
IRELAND IE 6 5
ISRAEL IS 6 5
ITALY IY 6 3
JAMAICA JM 4 5
JAPAN JP 2 5
JORDAN JD 6 7
KAZAKHSTAN KZ 2 9
KENYA KN 1 7
KIRGHIZTAN KG 2 9
LAOS LA 2 4
LATVIA LV 6 9
LESOTHO LS 1 2
LIBERIA LI 1 3
LITHUANIA LT 6 9
LUXEMBOURG LX 6 8
MADAGASCAR MG 1 3
MALAWI MW 1 9
MALAYSIA MS 5 2
MALI Mi 1 1
MARTINIQUE MR 4 7
MAURITANIA MT 1 5
MAURITIUS MA 1 6
MEXICO MX 4 3
MICRONESIA KA 5 9
MOLDAVIA MK 6 9
MONGOLIA MO 2 7
MOROCCO MC t 3
MOZAMBIQUE MZ 1 8
MYANMAR BM 2 2
NEPAL NE 2 5
NETHERLANDS NL 6 4
NEW CALEDONIA NC 5 7
NEW ZEALAND NZ 5 8
NICARAGUA NK 4 7
NIGER NR 1 2
NIGERIA N! 1 8
NORWAY NO 6 7
PAKISTAN PK 2 3
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INDEX 3

NAME code region code-nr
PALAU PB 5 9
PANAMA PM 4 9
PAPUA NEW GUINEA NG 5 5
PARAGUAY PY 3 3
PERU PR 3 9
PHILIPPINES PH 5 6
POLAND PL 6 4
PORTUGAL PO 6 1
PUERTO RICO PU 4 1
REP.KOREA KO 2 6
REUNION RE 1 9
ROMANIA RO 6 7
RUSSIAN FEDERATION RS 6 9
RUSSIAN FEDERATION RS 2 9
RWANDA RW 1 8
SAO TOME AND PRINCIPE TP 1 9
SENEGAL SG 1 8
SIERRA LEONE öL 1 2
SINGAPORE SR 5 7
SOMALIA Sl 1 8
SOUTH AFRICA ZA 1 1
SPAIN SP 6 2
SRI LANKA SR 2 3
SUDAN SU 1 6
SURINAM SM 3 4
SWAZILAND SV 1 5
SWEDEN SN 6 2
SWITZERLAND SW 6 9
SYRIA SY 6 3
TADZHIKISTAN TA 2 9
TAIWAN TW 2 3
TANZANIA ITN 1 2
THAILAND jTH 2 9
TOGO TG 1 6
TUNISIA TS 1 2
TURKEY TU 6 6
UGANDA UG 1 4
UKRAINE UR 6 9
UNITED KINGDOM UK 6 6
URUGUAY lUY 3 4
USA jus 4 1
USA US 5 1
UZBEKISTAN uz 2 9
VENEZUELA VN 3 2
VIETNAM VS 2 3
YUGOSLAVIA YG 6 5
ZAIRE ZR i 1
ZAMBIA ZB 1 5
ZIMBABWE ZW 1 4
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