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1. Foreword

An international data base of hydrological data is considered necessary for the validation of
Global Circulation Models (GCM’s), the detection of regional and global changes in the
hydrological regimes and various aspects of water resources development and management.

The Global Runoff Data Centre (GRDC) operates under auspices of the World
Meteorological Organization (WMO) and is implemented at the Federal Institute of
Hydrology in Koblenz, Germany. The frame for the operation of the GRDC is laid out in the
Project A.5 of the World Climate Programme - Water (WCP-Water) of the WMO. An
International Steering Committee guides and advises on the activities of the GRDC.

The GRDC contributes to the WCP-Water Project A.8 " Detecting Global and Regional
Runoff Trends by Monitoring Discharges of Selected Rivers". The background for this
project is the expectation, that changes in climate will affect the river runoff regime.
Therefore it is important to monitor time series of discharge for selected rivers on a routine
basis (WCP-Water 6th Planning Meeting, 1993; WMO, 1994). One criteria for the selection
of rivers is to monitor the discharge for the largest rivers of the world. In this report, the 20
largest rivers with regard to discharge and basin size have been selected and the entire
GRDC data base for these rivers has been compiled and graphically displayed in their
geographical context. This sets the starting point for a series of update reports which are then
based on the update of the data base by the national hydrological services and the response
of data users. As for several stations of the 20 largest rivers of the world long-term records
are available, this report contributes also to the WCP-Water Project A.2 "Analyzing Long
Time Series of Hydrological Data and Indices with Respect to Climate Variability and
Change".

The compilation of a report like this is a collaborative effort of the national hydrological
services, international organizations and projects and the inputs of the community of data
users. The GRDC therefore calls for the support of its activities through the continued data
supply to the Centre, the contribution of data through international and bilateral projects and
suggestions and comments by the data users in the various fields. Errors or inaccuracies in
this report should also be reported to the Centre.

Next to data supply, there exists the urgent need to complement the database with
information about the history of hydrological stations as wells as river regulations and
abstractions, hydropower generation and water use which affect the natural flow of the
Tivers.

Further information of the GRDC database and user support can be obtained from:

Global Runoff Data Centre, The GRDC - Team:
Federal Institute of Hydrology

Kaiserin-Augusta-Anlagen 15-17 W. Grabs

D - 56068 Koblenz, Germany Th. De Couet
Fax: +49-261-1306-280 J.  Pauler

Koblenz, November 1994



2. Background

In this GRDC report 20 rivers have been compiled, including the 15 largest rivers of the
world in terms of mean monthly discharge as well as the 15 largest rivers in terms of
drainage basin size (MARCINEK, ROSENKRANZ, 1989).

The objective of the report is the presentation of the entire GRDC data base for these rivers
as of June 1994 and the visualization of general regime characteristics for the rivers and
major tributaries. For the first time, the location of the GRDC - stations are shown in maps
of the drainage basin for each river.

The report is in a way a follow-up of three previous reports, namely the UNESCO Technical
Document "Hydrological characteristics of Selected Rivers of the World" (McMAHON,
1982), the IIASA Collaborative Paper "On the Occurrence of Climate Variability and
Change within Hydrological Time Series" (MITOSEK, 1992) and the Report No. 100 by the
Max-Planck-Institute for Meteorology and the GRDC (DUMENIL et al, 1993) where the
attempt has been made to characterize selected rivers and to present the data base available
at that time.

3. Data situation

For many rivers, daily as well as monthly discharge data are available. The responsibility for
the quality of the data rests with the hydrological services who compile and process discharge
data. At present, the GRDC does not have the facilities to carry out a full data screening
procedure. However, the data were checked for most obvious errors and when detected in a
few cases, these errors were rectified or the data in question were omitted from further
processing. Gaps in the time series were not filled by statistical methods.

The difficulty to work with global data sets for a successive number of years becomes
apparent from Table 4: The time series for the stations close to the mouth of the oceans were
compiled and show, that only for a few rivers time series are common for a number of
successive years. The GRDC endevours to close the time gaps and update the database with
the active participation of the national hydrological services concerned.



4. Presentation of rivers

The presentation of each river in this report follows the following scheme:

The tables for each river indicate the available GRDC-data for each river in terms of stations
and time series.

The numbers in column 1 of these tables refer to the station numbers for each river as
plotted in the maps of the drainage basins.

The maps display the geographical situation and location of the GRDC gauging stations. The
drainage basin maps have been imported from the UNEP - GEMS/WATER software
RAISON.

The figures following the drainage basin maps display for selected stations the graphs of the
mean monthly runoff, the mean yearly discharge and the linear trend line of the runoff. The
trend calculation is omitted in those cases, where a significant interruption in the time series
occurs. It must be noted, that the linear trend calculation is a very simple tool to show "what
has happened" to basin runoff over a number of years. It cannot substitute more sophisticated
analysis methods (MITOSEK, 1992; CAVADIAS, 1992). The trend graph indicates, whether
the discharge at a given station has been changing over the years. The causes for an observed
trend are difficult to find out, as most rivers are influenced by anthropogenic factors (dams,
irrigation etc.) and the discharge data at least at the downstream stations do not necessarily
reflect the natural flow of these rivers. An obvious example is the hydrological regime of the
Nile river after the begin of the operation of the Assuan dam. Small changes may be masked
by measurement errors. A possible climate "signal" can only be confirmed, if for a number
of stations of different rivers additional data on the station history (consistency of the data
series) and anthropogenic influences are available. The GRDC at present does not have this
information. However, MITOSEK (1992) after statistical analysis of 150 time series of the
GRDC data base using MANN’s test suggested, that a climate change has occured within the
considered time series.

Next to the figures of the mean monthly runoff, the mean yearly discharge and the linear
trend line of the runoff follow graphs of the range of discharge for selected stations. In most
cases, the stations selected are the same than for the runoff and discharge figures. In a few
cases, also stations with shorter time series have been added to make better use of the
information base. The range of discharge has been plotted over the mean monthly discharge.
The presentation of the actual range of discharge has been given preference to the
presentation of the standard deviation for practical purposes: It can be seen, that the range
between the mean monthly runoff (averaged over the available time series) and the maximum
and minimum mean monthly discharge, respectively, are not equal in many cases. These
graphs are particularly useful to determine, for which rivers changes in the hydrological
regime, e.g. because of a climate change, may have a serious impact.



In general, for rivers with a large natural range of discharge, change "signals” are likely to
be masked and real changes are unlikely to produce a discharge regime significantly different
from the present one. On the contrary, hydrological regimes of rivers with a low range of
discharge between maximum and minimum mean monthly discharge can be severely affected
by climatic or otherwise induced changes with all subsequent ecological and socio-economic
consequences. It should be noted here, that the minimum average monthly discharge is a
good indicator for the assessment of minimum availability of water which is important for
water resource planning and management.

5. Selection of stations

The selection of stations of the rivers displayed in the figures followed the idea to allow a
first-glance characterization of the hydrological regime of the river and its major tributaries.
As the report would have become unwieldy if all stations had been graphically presented, the
additional selection criteria were:

- The station hydrographs should give examples for the flow regimes of the upper,
middle and lower course of each river and/or important tributaries.

- The largest drainage basins for the stations were given preference to represent an area
as large as possible.

- Of a number of available stations for the main streams and/or important tributaries,
those with the longest available time series were selected or those with the longest
un-interrupted time series.

6. Summary of river data

In Table 1, the 20 largest rivers of the world with respect to drainage basin size discharge
and runoff are listed.

The stations listed refer to the GRDC gauging stations nearest to the mouth of each river. In
some cases, the stations are indeed close to the river mouth into the oceans. In several cases
the station nearest to the mouth may be in reality far away from the actual river mouth. This
is due either because there is no station nearer to the mouth of the river (e.g. the station
Obidos at the Amazone river, approx. 600 km inland of the mouth), or because there is no
GRDC data available for the nearest station. The latter is the case at the Niger river, where
information from the Niger river in Nigeria is completely lacking as of now.

The drainage basin size 1s station-oriented and therefore differs from the total drainage basin
size for the respective rivers given in other sources.

The numbers in column 1 of Table 1 refer to the order number of the river in the report and
do not indicate a ranking of the rivers.



7.  Source of data and methods of computation

The data compiled is drawn exclusively from the GRDC database and may therefore differ
from other sources.

All values have been calculated from mean monthly discharges for the available time series.
The maximum and minimum discharges are actual maximum and minimum mean monthly
discharges of the respective river. The mean monthly runoff is calculated from the mean
monthly discharge over all available monthly values.

The values in Table 2 have been calculated in the following manner: The gauging stations of
Table 1 with the associated basin sizes and time series are the base figures for the calculation
of the values of Table 2. The Mean Annual Discharge has been calculated from the time
series with complete calender years (In Table 1 the mean discharge has been calculated for
all available months). In case of missing months in a given calendar year, this leads to slight
deviations of the mean values calculated for Table 1 and Table 2.

Likewise, the minimum and maximum annual discharge has been calculated from the
discharge sum of all available complete calender years. This allows the allocation of
minimum and maximum annual discharges to specific years of occurrence, while the mean
annual discharge can be allocated to the year which comes closest to the arithmetic mean
annual discharge.

The mean volume of discharge per year in km® is calculated from the mean annual discharge
values for each river.

To supplement the information of the 20 largest rivers with some statistical characteristics,
Table 3 has been compiled from the study of McCMAHON (1982). Only those stations were
selected which are in common for this report and the McMAHON study. For a detailed
description of the statistics used, reference is made to McMAHON (1982). From several
remarkable hydrological characteristics, the value of the coefficient of variation Gy is
dependant on the regional climate of the river basin. McMAHON concludes, that "rivers in
tropical and cold regions are 25% less variable than those in semi-arid and temperate
regions". This result coincides with the observations from the figures of the range of
discharge of the rivers presented in this report. With respect to climate modelling, the
computation of the persistence r; as the lag-one serial correlation coefficient is of special
importance. For unregulated rivers or rivers with negligable storage processes in the basin
(e.g. lakes) r; would be close to zero. The large effects of internal storage become evident
e.g. in the case of the Niger river: The station with the highest persistence index is located
just below the inner delta of the Niger; the Dire station is located just upstream of the inner
delta and the Koulikoro station is inside the inner delta. On the opposite, rivers like the
Lena, Yenisei, Parana and Mekong show little persistence.



8.  Availability of data

The base data for the compilation of this report are available on a 1.4 MB 3.5 diskette
from the GRDC. The diskette is delivered free of charge on the following conditions: The
request must reach the Centre in writing and the data user is obliged to outline in a summary
the intended use of the data. The user also agrees to make available to the Centre results of
the research/studies undertaken with the data set. This information is required as a feed back
to the hydrological services which transmit data to the GRDC and to build up an information
basis about the research/studies undertaken with the GRDC data. This information base helps
to network researchers to inform about other research activities in the same field.

The diskette contains the following information:

The full text and tables of the printed report, the river catalogue, the data (mean monthly
discharge for all rivers and tributaries which are listed in the river tables of this report) and
a text file which explains the format of the data. Tables 5 and 6 show the organization of the
river catalogue and the data format. Customized data products may be produced on special
request.
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Nonthly discharge in m*/s Mean monthly | Time
No. River Drainage Basin . Runoff series
(kn?) Hean Hax. Min, (mm)
1 Anazone at Obidos 4,640,300 155.702 246,000 144.000 87 1928-1983
2 Amur at Konsomolsk 1.730.000 9.739 33,100 374 15 1933-1984
3 Brahmaputra at Bahadurabad 636,130 18.648 56,190 3.314 76 1969-1975
4 Ganges at Farakka 935.000 12,037 65.072 1.181 33 1949-1973
5 Irrawaddy at Sagaing 117.900 8.137 25.608 1,423 179 1978-1988
6 Lena at Kusur 1,430.000 16.622 96.600 429 30 1935-1964
7 Nackenzie at Norman Wells 1.570.000 9,505 24,742 2,132 16 1943-1990
8 Mekong at Pakse 545.000 9.514 34.647 1.482 45 1980-1990
9 Mississippi at Tarbert Landing 3,923,799 14,737 38.900 4,670 10 1965-1984
10 Niger at Malanville 1.000.000 1.144 2.817 19 3 1952-1991
11 Nile at Bl Ekhsase ? 1,251 1.877 735 --- 1973-1984
12 Ob at Salekhard 2,949.998 12.504 43.423 2.120 97 1930-1984
13 Orinoko at Puente Angostura 836,000 31,157 85.964 3.512 22 1923-1989
14 Rio de la Plata (Parana at Corrientes) | 1.950.000 16.595 54,000 4,092 2 1904-1983
15 St. Lawrence at Cormwall, Ontario 774,410 7,944 9.910 6.020 27 1973-1984
16 Volga at Volgograd Power Plant 1,360,000 8,087 39.400 1.140 15 1879-1984
17 Yangtse at Datong 1,705,383 25.032 54,500 7,220 38 1976-1979
18 Venisei at Igarka 2,440,000 17.683 | 112.000 3.120 19 1936-1984
19 Zaire/Congo at Rinshasa 3.475.000 40,250 80.833 22,352 30 1903-1983
20 Zanbesi at Matundo-Cais 940,000 3,309 12,382 540 9 1976-1979
Table 1: The 20 largest rivers of the world; general characteristics and time series of

data.




River Hean Mean [ Minimum Hinimum | Maximum Maximm | Mean Vear of
annual anpual | annual annual | annual annual | volume of | occurrence
discharge | runoff | discharge | runoff | discharge | runoff | discharge | (Mean/Min/Max
(n®/s) (mm) (n*/s) (mm) (n°/s) (nm) per year | annual
(kn*/a) discharge)

Amazone 155,432 1.056 133,267 906 176.067 1.197 4,901 1935/1936/1975
Amur 9,739 178 6.087 N 14,228 259 307 1935/1979/1956
Brahmaputra | 19.674 975 18.147 900 21,753 1.078 620 1969/1973/1974
Ganges 12,037 406 7.732 261 17.217 581 380 1953/1972/1955
Irravaddy 8.173 2,176 | 6.926 1,853 9,993 2.673 258 1980/1986/1988
Lena 16,622 367 13.234 292 19,978 441 524 1937/1954/1961
Mackenzie 8,463 1 7190 144 9.884 199 267 1990/1970/1988
Nekong 9.334 540 7.707 446 11.356 657 294 1983/1987/1990
Hississippi | 14.703 118 10,203 82 20,421 164 464 1966/1976/1973
Niger L.121 15 698 2 1.620 51 35 1960/1973/1955
Nile 1.201 - 1131 - 1.390 - 39 1981/1973/1978
b 12,501 134 8.791 94 17.812 190 394 1943/1967/1979
Orinoko 31,061 1.172 21,540 813 37.593 1,418 980 1978/1926/1954
Rio de la 16,358 265 9.413 152 25,583 414 516 1907/1944/1905
Plata
{Parana)
St.Lawrence | 7.931 323 7,328 298 8.727 355 250 1975/1977/1973
Yolga 8.087 188 5.181 120 12,355 286 255 1913/1921/1926
Yangtse 25,032 463 21,377 395 28,882 534 789 1979/1978/1977
Yenisel 17.683 229 11.584 150 20,966 2 558 1981,/1983/1974
faire 40,250 365 32.873 298 54.963 499 1.269 1921/1919/1962
Tanbesi 3.337 112 2,322 78 5,758 193 105 1977/1976/1978
Table 2: Discharge and runoff characteristics of the 20 largest rivers of the world at

GRDC-stations close to the mouth of the rivers into the oceans (explanations

see text).
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EXPLANATION OF MONTHLY RUNOFT DATAFILES

A B
AMAZONAS OBIDOS
C D

1928111000135800018100020600021700021400019800016900011700085300.85500.90200.
1929210400012800014200018200020900021500019900017200013700090%00.80100.93900.
193011400014400017100019400020400020100019200017400013800010100089800.93500.
193111000013300016300019C0000201000194000174000140080097600.81500.86400.94000.
193211900016200016800020500021100020800019600017000013100093500.85800.93000.
193311100014000016600018900020800020700020000016800010700076900.80500.91400.
19341100001460001820002020002200002160002100001830001490001190001180001290600
1935143000160000180000203000221000216000187000167000129060091200.75700.73800.
1936 9999.14200016200017600019300018100016200013500091900.87100.81900.,82300.

COMMENTS

Name of river (= 40 characters)

Mame of station (= 40 characters max.)
Year

data (January - December)

gnwy
(BT

Each value = 6 characters (there maybe leading blanks!)

The values are in m3/s or l/s (see remark in the station-catalog)
Misging values =' 9999.' (see January 1936)

Each data-row = 76 characters (not including line-feed)

Example: ' March. 1935 = 180000 m3/s

Table 5: File format of mean monthly data files

GLOBAL RUNCFF DATA CENTRE (GRDC)

I. Africa

01 Medjerda

1201100 Medjerda Ghardimaou TS 3627N 843E 1480 1 1976 12 1979 M 1
1201150 Mellegue K13 TS 3612N 850E 9000 1 1976 12 1979 M 1
1201500 Medjerda Sloughia TS 3658N 952E 20895 1 1976 12 1979 M 1

02 Chott Melhir, Chott Rharsa
03 Chott Djerid
04 Mediterranean Sea Coast (Western Part)

1104150 Cheliff Si1di Belatar AL 3602N 027E 43750 1 1976 8 1978 M 1
1104200 Mina Cued El-Abtal AL 3550N 068E 6635 1 1976 8§ 1978 M 1
1104500 Isser Lakhdaria AL 3662N 358E 4149 1 1976 8 1879 M 1
1104530 Sebaocu Baghlia AL 3680N 387E 2501 1 1976 12 1979 M 1
1104600 Bouselam Sidi Yahia AL 3642N 460E 4309 1 1976 8 1978 M 1
1104700 Rhumel Oued Athmania AL 3623N 630E 1220 1 1976 8 1978 M 1
1104800 Melah Bouchegouf AL 3645N 772E 552 1 1976 8 1978 M 1
1204900 Joumine Djebel Antra TS 3695N S47E 235 1 1976 12 1979 M 1
1304100 Emsa Emsa MC 3552N 530W 110 4 1971 2 1988 D 1
1304800 Kert Dar Driouch MC 3490N 323w 1353 6 <1969 9 1987 D 1
A B C D E F G H I J K
COMMENT :

A& = GRDC-Code B = Name of river C = Name of station

D = Code of country E = Latitude F = Longitude G = Catchment area in km®

H = first available record in database I = last available record in database

J = DailyMonthly data K = Cods of measursmsnt (1 = runcff in m3r9)
GRDC-Code (for example 1304800):

1 = WMO-Region (1 = Africa)

3 = GRDC-Country code {3 = Morocco)
04 = GRDC-Subregion; main river basin {04 = Mediterranean Sea Coast]

<0
o
[en]

GRDC-Station cods
Length of data-row. max 133 characters (incl. line-feed)
To E and F°
To get the real values you have to divide the named value by 100. So for
"""" §.27 degrees North.
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Reference of GRDC-Reports

Report No. 1 Second Workshop on the Global Runoff Data Centre, Koblenz, Germany,
May 1993 15 - 17 June, 1992

Report No. 2 Dokumentation bestehender Algorithmen zur Ubertragung von AbfluB-
May 1993 werten auf Gitternetze. (Incl. abstract in English by GRDC: Dokumenta-
tion of existing algorithms for transformation of runoff data to grid cells).

G. C. Wollenweber

Report No. 3 GRDC - Status Report 1992
June 1993

Report No. 4 GRDC - Status Report 1993
June 1994

Report No. § Hydrological Regimes of the Largest Rivers of the World -
November 1994 A Compilation of the GRDC Database



