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SUMMARY 
The first technical meeting of the coordinated research project entitled “ Design criteria for a 
network to monitor isotope composition of runoff in large rivers” was held during 13-16 May 
2002 with the overall objective to discuss and plan research activities for the 2002-2006 
period. The terms of reference for the meeting were as follows: 
 
1.  To present and discuss individual study plans developed in consultation with the scientific 
secretaries including (i) objectives and motivation, (ii) proposed activities, (iii) background 
and parallel studies, datasets, and previous results, (iv) summary of physical hydrometric 
network and proposed isotope sampling network, (v) summary of GNIP and other available 
precipitation isotope data in the basin and surrounding areas, (vi) summary of hydrological 
processes to be examined and preliminary strategy for analysis and interpretation, and (vii) 
overview of potential inter-basin or collaborative research opportunities. 
 
2. To conduct working group discussions of specific design criteria for operation of river 
isotope monitoring networks focusing on: (i) development of conceptual models of basin 
hydrological cycle and isotope fractionation and selection processes (the so-called isotope 
transfer functions (ITFs) (ii) theory/methodology to interpret isotope variations in river 
discharge, (iii) sampling strategies and standardized approaches for monitoring river 
discharge, (iv) supporting data requirements, (v) development of a standardized database, (vi) 
timeline of research activities and related publications. 
  
Detail work plans for studies were developed for 17 large basins exceeding 160,000 km2 
centred on isotope tracing of hydrological process and hydrological impacts of climate change 
and water development. Four additional basins were also identified where related studies are 
planned or are underway.   While the research questions to be addressed by each group were 
wide-ranging, as determined by the water resources issues that were specific to each basin, the 
common intersection of the group’s interest was on tracing of water cycle processes using the 
stable isotopes of water.  Practical issues such as sampling protocol and a plan for testing 
implications of temporal sampling frequency, depth/width integration and grab sampling were 
also developed and responsibility for various sub-investigations were delegated among the 
participants.  A common framework and timeline for sampling, database development, 
publications, future meetings and web site development were also discussed. 
 
1.0 BACKGROUND AND CURRENT STATUS 
 
One major limitation to development and application of isotope-based water balance methods 
in large river basins is that no systematic worldwide monitoring of isotope tracers in discharge 
from large rivers, or regional sub-basins of large rivers has been conducted.  As a result, both 
data acquisition and methodological development of the tracer-based techniques have 
proceeded slowly and mostly at the small scale.  A detailed report on this current situation 
was provided in a previous report (IAEA (2000).  
 
River discharge consists mainly of surface runoff and groundwater seepage, and is an 
important continent-to-ocean linkage in the global hydrological cycle.  Isotope signals in river 
discharge can potentially contribute to better understanding of the continental portion of the 
hydrological cycle including information such as water origin, mixing history, water balance, 
water residence times, surface-groundwater exchange and renewal rates, and evaporation-
transpiration partitioning.  Coupled measurement of isotope fluxes and volumetric discharge 
is also useful for tracing progressive changes in basin hydrology related to climate or land use 
changes, and can be applied as a diagnostic variable for constraining atmospheric GCMs and 



hydrological models.  To be effectively applied, such methods require that systematic 
enhancements be made in the collection of isotopes in river discharge on the global scale.  
  
River basins are the foci of settlement for vast human populations and thus have enormous 
social as well as ecological significance. The water cycle of river basins is a primary control 
on the viability of human settlement as it determines water supply, agriculture, flooding, 
drought, and ecosystem and human health.   
 
While the scope of river basin hydrological research and monitoring has expanded in recent 
years, hydrological processes in river basins, particularly at the large scale, have remained 
difficult to quantify using conventional physical approaches alone.  In particular, hydrological 
models developed solely from an understanding of physical monitoring have generally been 
less effective at predicting present-day dynamical changes in water resources and water 
quality parameters than models developed through combined use of physical, isotopic and 
geochemical tracers, which can effectively label water sources, pathways, and processes 
within the water cycle.  With few exceptions (Rank et al., 1998; Kendall and Coplen, 2001), 
many isotope-based hydrological studies to date have also been short-duration studies 
conducted in localized, small-scale basins.  
 
 
2.0 OBJECTIVES AND MOTIVATION 
 
The proposed CRP is organized to develop and demonstrate a comprehensive and coordinated 
approach (or set of approaches) for the study hydrological processes in large river basins 
using isotope techniques. The study focuses on river basins located in a variety of 
hydroclimatic regions, and is coordinated to augment ongoing or planned hydrological 
research, including studies underway within the GEWEX CSEs (Global Energy and Water 
Cycle Experiment - Continental Scale Experiments).  Overall, the project aims to lay the 
groundwork and a scientific rationale for future design of an operational “Global Network of 
Isotopes in Rivers” (GNIR) that will serve to enhance the understanding of the water cycle of 
river basins and to assess impacts of environmental and climatic changes on the continental 
water cycle.  
 
Specific objectives of the overall project include: 
 

• To launch and coordinate a programme for isotope sampling of river discharge and 
related studies via a network of research institutes worldwide, establishing linkages 
where appropriate to existing research and monitoring activities undertaken by 
national counterparts, monitoring agencies, and international research programmes.  

 
• To contribute to the understanding of the water cycle of large river basins by 

developing, evaluating, and refining isotope methodologies for quantitative analysis of 
water balance and hydrological processes, and for tracing environmental changes. 

 
• To develop an optimal protocol for operational river water sampling, and to design a 

comprehensive database to support isotope-based water balance studies, and future 
monitoring of ongoing environmental changes. 

 



 
The following issues were identified by the participants as being the key motivational factors 
for application of isotope techniques in the study of large river basins: 
 

• To develop tools for monitoring integrated signals of basin-scale water cycling 
processes 

• To separate the runoff hydrograph (components or source areas), by water origin, age 
distribution, and residence time    

• For better understanding of surface/ground water interaction in the arid zone to 
address water sustainability issues  

• For investigation of groundwater recharge mechanisms of interfluvial areas 
• For characterization of water and salt fluxes, interaction with alluvial aquifers, and to 

evaluate impacts of water diversion, hydroelectric development, and upstream users 
• To determine sources of salinity and salinization processes, controls and changes 

resulting from land use and water development, as affected by hydraulic regime in the 
river and its associated lakes 

• To improve watershed resources management, and to increase water availability and 
water quality in areas of limited supply  

• To monitor cyclical climatic variations in the rainfall amount at the Intertropical 
Convergence Zone (ITCZ) 

• To evaluate the current status of hydrological processes in the permafrost region, and 
its role in maintenance of the Boreal forest and freshwater discharge to the Arctic 
Ocean 

• For characterizing spatial and temporal variability of hydrological processes, 
especially the role of floodplain lakes in water balance of the Amazon 

• To provide a proxy for determining shifts in climate and/or land use patterns within a 
river basin, especially the impact of glacial degradation and monsoon cycles 

• To trace the origin, transport and cycling of nutrients and other contaminants from 
agricultural and urban areas, their behaviour in large rivers, associated riparian zones 
and wetlands, and impact on receiving waters including lakes, inland seas and coastal 
areas 

• To develop and test transferability of isotope techniques for comparative assessment 
of water balance and hydrological processes worldwide, including un-gauged and 
under-monitored regions  

• To compare how large river basins operate, and to characterize isotope composition of 
large rivers in characteristic regimes to aid in understanding the continental portion of 
the global scale hydrological cycle in a changing world  

• To develop a basis for relevant, functional monitoring networks that are more useful 
for validation of hydrological models 

 
Overall, the anticipated outcomes of the project include: 
 

• A collection of transferable techniques, methodologies and tools for assessment of 
water balance and hydrological processes in river basins at the large scale, and 
expanded use and increased awareness of the capabilities and limitations of these 
methods by national and international programmes. 

 
• Increased understanding of water balance and hydrological processes in a range of 

large river basins, gained through detailed isotope-based studies. 
 



• Strengthening of national and regional institutions in isotope mass balance techniques 
for large scale applications via training, workshops and field studies 

 
3.0  ISOTOPE SYSTEMS 
 
Many isotopic systems have demonstrated value in river hydrology research  and are expected 
to be useful for the study and inter-comparison of water balance processes in large river 
basins.   These include the stable isotopes of water (18O, 2H) (Fritz 1981) and the radioactive 
tracers including tritium (3H) (Brown, 1961; Michel, 1992; Rank et al., 1998; Rose, 1993) as 
well as emerging techniques such as tritium-helium (3H-3He), chlorofluorocarbons (CFCs),  
strontium, carbon and other solute and nutrient isotopes.   
 
The stable isotopes are particularly useful for assessing relative contributions of flow derived 
from uniquely labelled geographical sources or distributed components such as direct 
precipitation runoff, shallow and deep groundwater, and surface waters including lakes and 
wetlands. Contributions are expected to proportionately differ in each system depending on 
physical setting of the drainage basin as well as climatic parameters.  Isotopic composition of 
discharge in river waters will reflect the cumulative influence of hydrological processes from 
precipitation to discharge, including the influence of snow, melting glaciers, dams, lakes, 
karst terrain, altitude, arid zone evaporation, snow melt events, and tributaries. In particular, 
the rate and amplitude of seasonal isotope variations in large river basins is expected to be a 
good indicator of effective groundwater reservoir volumes and interaction. In this respect,  
sizeable, well-connected groundwater systems will tend to dampen short-term variability in 
river discharge.   
 
Seasonal changes in isotopic composition may be more pronounced in cold-region basins due 
to enhanced snowmelt mixing, and modification of groundwater/surface-water exchange 
during long winter periods with thick ice-cover growth (Gibson and Prowse, 2002). Large 
seasonal variations are also expected for rivers in monsoonal climates with extreme 
fluctuations in moisture sources and precipitation amounts. As shown in surveys of rivers in 
the conterminous United States (Kendall and Coplen 2001), variations may reflect spatial 
variability in precipitation and evapotranspiration. Regional runoff is also extremely sensitive 
to variations in open-water evaporation losses for some areas as observed for lake-dominated 
Shield terrain (Gibson 2001).  For river basins such as the Nile and Colorado Rivers, changes 
in the isotopic ratios in river water may also provide a sensitive record of residence time 
alteration and increased evaporation due to reservoir development and/or agricultural return 
flow. Stable isotopes also have the unique potential to provide first-approximation estimates 
of water balance for ungauged catchments (Gibson et al. 1993), which is an issue of 
paramount interest, for example, to the UN World Water Assessment Programme.  
 
The radioactive isotope, tritium (3H), incorporated in the water molecule, has also proven to 
be an effective tracer for river basin studies, particularly for determining the water residence 
times (Michel 1992). By comparative analysis with precipitation data from IAEA/WMOs 
Global Network for Isotopes in Precipitation (GNIP), historical tritium records have been 
helpful in resolving characteristics of river basins, including average residence time of water 
within the basin, and resolution in some cases has been substantially improved by use of 
combined 3H-3He methods and chlorofluorocarbons (CFCs). 
  
Overall, isotope signatures of river water, in comparison with other hydrological components 
such as precipitation, provide quantitative water balance information that is not always readily 
obtainable by non-isotope techniques.  Great potential also exists for isotopes to be used for 



tracing long-term changes in large river basins (e.g. Rank et al. 1998), as expected in the case 
of hydrologic modification by land use, water abstraction, deforestation, and climate change. 
Moreover, potential exists for development of isotopes in river discharge as measureable, 
transferable indicators of cumulative basin impacts and basin water sustainability.  
 
There are several timescales available to study isotopic distributions in river systems.  There 
is the short term, or synoptic timescale of days or weeks, as well as annual and long-term time 
scale.  Required temporal sampling resolution, required spatial distribution of stations and 
uncertainty related to less frequent sampling or sampling under non-ideal conditions (e.g. 
during ice floes) remains to be properly characterized for these various applications.   
 
The IAEA has played an important role in hydrological research since 1961 by maintaining 
the Global Network for Isotopes in Precipitation (GNIP) which has collected and analyzed 
18O, 2H, and 3H in a monthly time-series of precipitation at over 500 stations worldwide.  
IAEA has also played a leading role in the development and refinement of methodology for 
application of isotope-based techniques for water balance and water resources applications.  
Currently the GNIP network is the only global isotope database available for large scale 
hydrologic and climatic research and model validation.  Monitoring of the isotope 
composition of discharge in large rivers is another potentially powerful hydrologic and 
climatic indicator that has to date only been systematically monitored in a few areas.  
Comparison of GNIP data and the isotopic composition of discharge from a network of large 
rivers is expected to contribute significant additional information on the basin-integrated 
hydrological processes (evaporation, transpiration, runoff, storage, groundwater exchange 
etc.). The complimentary value of monitoring both discharge and precipitation is well-known 
from physical studies of basin hydrology, and as such has remained a priority of national 
hydroclimate monitoring networks around the world.  In an analogous way, the concurrent 
collection of precipitation and discharge for isotope composition is expected to be of 
particular value for isotope-based hydrologic research at the large scale, and could potentially 
open new doors and new opportunities for understanding the water cycle in large basins. 
Comparison of measured and modelled isotope time-series is expected to provide robust, 
independent constraints for evaluation and/or calibration of coupled atmospheric-land surface 
hydrological models which now commonly implement isotope diagnostics.    
 
 
4.0 TOWARDS A CONCEPTUAL MODEL FOR  AND δ2H-δ18O 
 
A preliminary conceptual model (Fig. 1) shows the basic long-term isotope signals expected 
in large river basins, which reflect the integrated signal of continental discharge.  The mass 
and isotope balances for the oceans and continents, respectively are given by 
 
(1)   COo PEP −=
(2)  CPcoEooPo PEP δδδ −=  
 
and 
 
(3)   CCCC TERP ++=
(4)  CTcCEcCRcCPc TERP δδδδ ++=  
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Figure 1. Preliminary conceptual model of the ocean-continent water cycle. (a) Schematic of 
the global water cycle fluxes. (Eo and Po are the oceanic evaporation and precipitation, Ec, 
Tc, Rc and Pc are the continental evaporation, transpiration, runoff and precipitation, Ao, is 
water vapour transport over the oceans, and A1 to A2 denotes water vapour transition over 
continental areas as modified by evaporation and transpiration feedback and moisture 
recycling. (b) Isotope signatures (δ values) for the ocean-continent system, where subscripts 
denote signature of components shown in (a); (c) Primary forcings on isotope composition of 
hydrological inputs and outputs from large river basins. 
 
 
 
 



where  and  is oceanic precipitation and evaporation, and  and T  are 
continental precipitation, runoff, evaporation, and transpiration (Fig 1a).  Changes in 
atmospheric moisture are expected due to admixture of evaporated and transpired moisture to 
air masses over the continents. Oceanic moisture in coastal areas is shown as  which 
becomes subsequently modified as it moves across the continent to inland areas (ranging from 

to ). The approximate isotope compositions (

oP

2

oE CCC ERP ,, C

oA

1A A δ ) of components are shown in Fig 1b.  
Long-term differences in precipitation arise from Rayleigh-type fractionation of atmospheric 
moisture and precipitation during rainout over the continents. Transpired moisture is expected 
to be similar to precipitation or groundwater recharge for a given location, whereas 
evaporated moisture will be isotopically depleted (plotting on or above the MWL) and river 
discharge will tend to be isotopically enriched (plotting on or below the MWL).  Fig. 1c 
shows specific hydroclimate forcings on the 2H-18O isotopic composition including those 
related to long-term precipitation input signals (temperature, latitude, altitude, distance from 
ocean source), seasonal signals (temperature, monsoon cycles, moisture sources, glacial melt), 
bias in recharge due to selection of high-precipitation or thaw-season events, and seasonal 
oscillations in evaporative enrichment from the river or contributing sources (soil water, 
lakes, reservoirs, wetlands, etc.). In addition to monitoring of volumetric fluxes, the 
characterization of long-term and seasonal isotope signals is expected to provide additional 
insight into hydroclimatic changes in each hydrologic regime.  
 
In some cases the primary water balance signals in precipitation may be more preserved in 
river discharge whereas in arid or seasonally arid zones the selection and evaporation signals 
may make the differences more pronounced. While systematic surveys of flux-weighted 
isotope signatures of discharge have not been widely collected, the anticipated long-term 
separation can be postulated based on the isotope and mass balance shown in Fig. 1b and 
depicted in eq. (3) and eq.(4). The isotope separation between flux-weighted continental 
runoff and continental precipitation ( )PcRc δδ −  is expected to depend on 
 

(5)    ( ) ( )
c

TcRccEcRcc
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TE δδδδδδ −+−
=−  

 
which is obtained by rearranging eq. (4) with substitution of cccc TEPR −−=  from eq. (3).  If 
it is also assumed that continental transpiration is similar to continental precipitation, i.e. 

PcTc δδ ≈  then this further simplifies to 
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Eq. (6) demonstrates that the long-term isotope separation between runoff and precipitation 
will approach zero only as  or as 0→cE EcRc δδ → . While very low (free-surface) 
evaporation may be characteristic of some humid areas dominated by vegetation, the latter 
condition where 
 
(7)  EcRc δδ ≈  
 
is not expected to occur due to the well documented evaporative enrichment effects.  This can 
be shown by substitution of the Craig and Gordon (1965) model  



 

(8) 
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into eq. (7) assuming 1* ≈α ,which shows that EcRc δδ →  only as 
K
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δ 310−−
+

→   which is 

the limiting isotope enrichment under prevailing atmospheric conditions.  Note that in this 
case Acδ  is the average isotope composition of continental atmospheric moisture comprised of 
a mixture of 1A,Ao δδ , and 2Aδ . Limiting enrichment is only expected to occur under 
conditions where waters evaporate to dryness and is therefore unlikely for the case of 
sustained discharge. Variations in evaporative enrichment of continental discharge is therefore 
expected to depend mainly on the fraction of water loss by (free-surface) evaporation in the 
river basin, as well as on the atmospheric humidity, its isotope composition and the ambient 
temperature.  This conceptual model provides an example at the global scale for development 
of quantitative approaches to examining river discharge signals. Specifically, it provides an 
initial basis for understanding and quantifying the hydrological significance of the long-term 
precipitation-runoff isotope separation which is expected to vary with the ratio of cc TE . 
Such information is not available via conventional hydrometric monitoring. One key 
assumption of this derivation is that the isotopic composition of continental groundwater is 
similar to that of precipitation, although due to selective recharge and storage effects this may 
not be an appropriate representation for some large river basins. Other long-term storages 
such as glaciers need to be explicitly included in some areas. This and similar models need to 
be developed and tested to account for seasonal variations in the hydrological processes and 
specific influences of long-term storage reservoirs such as groundwater and glacier melt.  To 
test and apply such models, all groups were specifically requested to include sampling for 
stable isotopes (18O and 2H) at monthly intervals as a minimum requirement for the CRP 
activities.  
 
Additional conceptual model ‘layers’ will be developed and tested over the course of the CRP 
by individual groups to describe nutrient cycling and other relevant water quality processes 
that are dependant on water cycling processes.  
 
 
5.0 WORKPLAN FOR COORDINATED RESEARCH ACTIVITES 
 
5.1  Overview of planned activities 
 
Individual studies within the CRP are focused on development and application of isotope 
methods for tracing hydrological processes in various large river basins in excess of 160,000 
km2. These basins are distributed worldwide and include all inhabited continents (Table 1).  
Each study involves water sampling at between 3 and 33 river stations, organized in a nested 
framework to address the large scale integrated signals as well as the signatures of distinctive 
sub-basins where appropriate. A total of more than 135 stations will be operated in the first 
year of the CRP to include measurement of δ18O, δ2H, discharge, temperature and electrical 
conductivity. Location of proposed sampling stations is given in Fig. 2.  Detailed year-1 work 
plans for each study are provided in Section 5.2. Similar work plans will be implemented in 
subsequent years subject to revisions or refocusing based on evaluation of year-1 data and 
results. Analysis of data will be carried out with reference to a conceptual model for stable 
isotopes of water as well as other tracers of interest to individual groups. 
 



 
Table 1.  Large River Basins Being Studied Within the CRP 
 

 
ID 

 
Name 

Basin 
Length 

km 

 
BasinArea

km2 

 
Climate 
Zone 

 
Discharge

m3/s 

 
runoff 
mm 

 
PI 

 
 1      

 
Amazon 

  
4327 5853804

  
Tropics 207682

 
1119 

 
Martinelli/ 
Bourgoin 

 4 Mississippi 4185 3202959 Temperate 19396 191 Kendall 
 6 Parana 2748 2661392 Temperate 16936 201 Panarello 
 9 Lena 4387 2417937 Arctic 15210 198 Sugimoto 
10 Niger 3401 2240019 Tropics 8925 126 Goni 
11 Zambezi 2541 1988756 Tropics 9005 143 Talma* 
12 Yangtze 4734 1794243 Temperate 29583 520 Wang* 
13 Mackenzie 3679 1712738 Arctic 9192 169 Pietroniro/ 

Gibson 
14 Ganges 2221 1628405 Tropics 40025 775 Bhattacharya 
17 St. Lawrence 3175 1266642 Temperate 15156 378 Hillaire-Marcel** 
18 Indus 2382 1143101 Temperate 3332 92 Choudhry 
22 Murray-Darling 1767 1031512 Temperate 256 8 Stone 
25 Orange 1840 943577 Temperate 145 5 Talma* 
27 Yukon 2716 852029 Arctic 6425 238 Kendall 
31 Colorado (Ari) 1808 807573 Temperate 21 1 Kendall 
32 Rio Grande 

(US) 
2219 804791 Temperate 120 5 Phillips/ 

Hogan 
33 Danube 2222 788002 Temperate 6612 265 Papesh/Rank 
38 Columbia 1791 724025 Temperate 7570 330 Kendall 
73 Jordan 1068 268913 Temperate 87 10 Gat 
103 Rhine 1018 165058 Temperate 2345 448 Stichler 
 --- Yobe --- 84138 Tropics --- --- Goni 
* planned additional studies to be added in future 
**no cost observers 
 
 

 
 

Figure 2. Proposed sampling stations to be operated within the IAEA Rivers CRP. 
 
 



5.2 Work Plan for Individual Studies  
 
Mississippi, Missouri, Colorado, Columbia, Yukon, portions of Rio Grande Basins: 
(Kendall)  
1. Collection of monthly water samples at selected NASQAN river stations and analysis for 
oxygen-18, deuterium, tritum and other isotopes. 
2. Analysis of  remaining NASQAN water samples from 1996-2001 for δ18O/δ2H, 
3. Compilation of discharge records and isotope data for sampling stations. 
4. Analysis and interpretation of existing stable isotope and tritium datasets,  
5.  Provision of a report to IAEA 
 
Rio Grande Basin: (Phillips/Hogan) 
1. Compile and review bi-annual synoptic sampling of the Rio Grande (at ~10 km intervals), 
all major tributaries, and important agricultural drains and canals from the headwaters of  
Colorado to south of El Paso conducted over the last 3 years, particularly stable isotopes of 
water, tritium, and related discharge data.  
2. Compile and review existing USGS, NASQAN, and Los Alamos isotope data for the Rio 
Grande and related flow data   
3. Conduct weekly/monthly sampling at about 5-10 stations in the Rio Grande basin for 
isotope analysis during the year 
4. Compile and review isotope results and related discharge data 
5. Interpretation of isotope results with respect to water cycle and climate processes 
6. Report to IAEA on an annual basis.
 
Amazon Basin: (Martinelli) 
1. Collection of monthly water samples for analysis of oxygen-18 and deuterium at 4 river 
stations, 3 lake stations, 2 channel stations, and 1 rain station  
2. Compilation of existing flow data for the sampling stations 
3. Interpretation of the isotope information and supporting physical and geochemical data 
highlighting hydrological processes that control isotope variations 
4. Provision of an annual report to IAEA 
 
Amazon Basin (Maurice-Bourgoin): 
1. Monthly collection of water samples for stable isotopes of oxygen and hydrogen at 9 
prescribed gauging stations in the Amazon basin and shipment of samples to IAEA, Vienna 
for analysis 
2.  On provision of the isotope results by IAEA, to compile with physical gauging records 
(and geochemical data if available)  
3. Review and interpretation of phyical, chemical and isotopic data with repect to the Amazon 
basin and sub-basin hydrological processes 
4.  Provision of a report to the IAEA on an annual basis
 
Mackenzie Basin:  (Pietroniro/Gibson) 
1. To conduct monthly water sampling at approximately 12 water quality stations in the 
Mackenzie Basin and at the mouths of large rivers in Canada, where logistically possible via 
informal cooperation with existing government surveys   
2. To conduct bi-weekly or more frequent sampling campaigns at selected critical stations via 
contractual sampling/sample shipping arrangements  
3. To analyse the samples for oxygen-18 and deuterium and to provide results to the IAEA for 
inclusion in an Agency database 



4. To provide supporting flow data (discharge measurements) and available chemical data as 
it becomes available for the stations 
5. To conduct a detailed analysis of water balance and hydrological processes in various sub-
basins of the Mackenzie Basin. 
6. To provide a progress report on an annual basis.
 
Rio de la Plata Basin:  (Panarello)  
1. Collection of samples at the Rio de la Plata estuary two times per month and at the Paraná 
river monthly. 
2. Oxygen-18, deuterium and tritium analysis of collected waters 
3. Compilation of isotope and river discharge records for the Rio de la Plata estuary and 
Parana river at the sampling stations. 
4. Interpretation of hydrological processes influencing the isotope composition of river water 
and rain/river comparisons. 
5. Provision of a report to IAEA including available data and interpretations. 
Niger and Yobe Basins: (Goni) 
1.Collection and collation of all available data from literatures, consultant reports, file 
records, etc.  
2.Design and carry out a monthly sampling of rivers at their discharge gauging points for 
isotopic analyses, including a station near the mouth of the Niger R.  
3.Monthly sampling rain water during the year for isotopic analyses. 
4.Systematic sampling of groundwater at suitable points in the area for isotopic analyses. 
5. Carry out isotopic analysis for oxygen-18 and deuterium 
6. Compile isotope and discharge data in a database for submission to IAEA 
 
Danube Basin: (Papesh/Rank) 
1. Documentation of existing data, completion of long-term isotope data sets (deuterium, 
oxygen-18 and tritium) for Danube, Rhine and some tributaries (samples are stored at the 
Arsenal) 
2. Continuation of monthly sampling of river water 
3. Investigation of short-term influences (daily samples of Danube water) for assessing the 
representativeness of monthly grab samples 
4. Preliminary interpretation of the long-term isotope records of Danube and Rhine with 
respect to hydrological processes, meteorological conditions, and environmental changes
 
Rhine and Danube Basin (Stichler)
1. Compilation and review of existing isotope data of the river Rhine and Danube in Germany 
and their tributaries, and relevant flow discharge data. 
2. Correlation of isotope data in river water with precipitation values collected in the 
catchment 
3. Evaluation of the isotope pattern in Alpine river systems and the interaction with 
groundwater at different discharges. 
4. Evaluation of mixing processes at river confluences studied by isotope analysis. 
5.  Provision of a report to IAEA on an annual basis
 
Indus Basin: (Choudhry) 
1. Collection and compilation of meteorological data of different catchments and historical 
hydrological data of rivers. 
2. Selection of suitable sampling stations on major rivers and lakes/reservoirs of Indus Basin 
and collection of water samples on periodical basis. 
3. Collection and compilation of discharge data of rivers at sampling stations. 



4. Collection of rainwater samples from catchments. 
5. Analysis of samples for various stable isotopes: mass spectrometric analysis of oxygen-18 
by preparing samples by equilibration method, deuterium by reduction of water samples with 
zinc shots, carbon-13 by conversion of dissolved inorganic carbon in CO2 reacting with 
perchloric acid. Tritium and carbon-14 analysis by liquid scintillation counter after 
electrolytic enrichment in case of tritium and by direct absorption of CO2 in the case of 
carbon-14. Analysis chemical ions by standard analytical methods like atomic absorption 
spectrophotometry, UV-Visible spectrophotometry, ion selective electrodes . 
6. Preliminary interpretation of data with respect to water cycle and climate processes and 
groundwater implications. 
7. Preparation of annual progress report for submission to IAEA.
 
Ganges, Indus and Naramadi Basins: (Bhattacharya)
1. Identification of locations for sampling in Ganga Canal, Yamuna Canal and Parbati river 
from the point of view regular logistics, including if appropriate  (1) a site near Roorkee about 
1 km upstream from canal aquaduct (ii) a site near Saharanpur for Yamuna Canal sampling 
and (iii) a site near Bhuntar (Kullu) for sampling of Parbati.   
2. Sampling at one station from the Ganga Estuary near Calcutta, just before river Hooghly  
(branch of Ganga) meets the Bay of Bengal.  
3.Collection of water samples from each of these 3 locations once in every 15 days.  Samples 
are to be collected in glass bottles sealed with air tight rubber septa and brought to PRL for 
analysis of deuterium, oxygen-18 and  carbon-13 (DIC).  
4. Development of an extraction system for DIC analysis 
5. Collection of available discharge data from these rivers through consultations with 
appropriate governmental agencies.  
6. Interpretation of the data with respect to water cycle and climate processes 
7. Submission of an annual report to IAEA
 
Jordan Basin: (Gat) 
1. Assembly and correlation of isotope data of the upper Jordan, Lake Kinneret, the 
tributaries, the lower Jordan and relevant precipitation and adjacent groundwater bodies from 
existing publications 
2.  Sampling on a monthly basis of river and lake water and their isotopic (oxygen-18 and 
deuterium) and chemical analysis. 
3. Analysis of pertinent hydrological (flow) and water balance data 
4.  Construction of a conceptual model of the water balance of the Jordan river system 
5.  Measurement of isotope composition of other elements in river water where possible 
6.  Provide a progress report on an annual basis. 
 
Murray-Darling: (Stone) 
1. Compile and review results for all previous isotopic work on the Murray and Darling river 
systems.  
2. Development of a profile of stable isotope ratios in precipitation across the MDB using a 
combination of direct measurement (Gunnedah in upper Namoi catchment) and interpolation 
from the GNIP database; 
3. Compilation, data analysis, interpretation and reporting of unpublished results collected 
from two previous campaigns along the Darling River. This includes evaluation of floodplain 
processes affecting observed deuterium and chloride profiles for run-of-river sampling as well 
as long term historical record for Burtundy (downstream end of the darling River). 
4. Organize and commence collection of water samples from Burtundy and  a minimum of 
two other key gauged stations along the Darling River and tributaries (say Bourke and 



Gunnedah) at weekly or monthly intervals. Measurement of the samples for D/H, 18O/16O 
ratios and selected chemical properties (chloride and major ions) 
5. Correlation of the data with a range of meteorological and related information within the 
Basin and with other comparable basins around the world.  
6. Interpretation of the data in terms of hydrological processes within the Basin with special 
reference to existing and evolving models. 
7. Approach the Federal (Murray-Darling Basin Commission) and State (NSW Land & Water 
Conservation; Qld. Dept. of Natural Resources) agencies for financial and logistical support 
for a project of this length and magnitude. 
8. Reporting on an annual basis. 
 
Lena Basin: (Sugimoto) 
1. Compile and review historical isotope and hydrological data for observation points for river 
discharge along Lena river since 1999.  
2. Compile related precipitation (isotope and physical) data for the Lena basin 
3.  Establish 3 more sampling points (one near river mouth and two more upstream) shortly 
after the agreement is approved.  One station will be in mountain Taiga, the second in plain 
Taiga, the last in a tundra area. 
4. Analyze the contribution of each area for river discharge and pattern of runoff to be 
investigated using isotope data  
5. Compile and review station isotope data, flow measurements and interpret with respect to 
water cycle processes.  
6. To submit a report on these activities to IAEA annually. 
 
Other potential contributors 
 
Yangtze or Chang Jiang Basin: (Wang) 

1.  Collection of weekly,bi-weekly or monthly samples at 4  hydrological gauging stations 
along the main channel Yangtze R. channel including 1 upstream station, 1 mid-basin station 
and 2 stations near the mouth (one above and one within the zone of tidal influence) 
2.  Collection of water samples at approximately 15-20  hydrological gauging stations along 
the main channel Yangtze R. channel during each of three planned boat surveys from the 
headwaters to the mouth of the river, including major tributaries (where possible) 
3.  Analysis of water samples for stable isotopes of water (oxygen and hydrogen) and 
compilation of a database including isotope data and measured discharge at the hydrological 
gauging stations 
4.  Interpretation of results including comparisons between GNIP precipitation isotope data 
and river discharge data, and an overview of hydrological processes influencing river 
discharge 
5. Provision of a report to IAEA on an annual basis. 
 
Orange and Zambesi Basins (Talma) 
1. Capture historical isotope sample data from old laboratory data lists into a database. 
2. Assemble data on flow and water quality (where available) for the same river sampling 
sites from databases of the South African Department of Water Affairs and Forestry. 
3. Commence monthly or more frequent sampling of river water and isotope analysis for both 
oxygen-18 and deuterium at several selected locations from the Orange River and compile in 
a database with discharge measurements.  



4.  To establish contacts, evaluate feasibility and initiate (if possible) a similar sampling 
programme for the Zambesi R. i.e. monthly or more frequent sampling of river water and 
isotope analysis for both oxygen-18 and deuterium 
5. Provide a year-end report including the databases 
 
Interbasin comparison and modelling (Fekete)  
1.  To provide upstream weighted parameters for stations included in the CRP network (~135 
for year-1) based on interpolation models and using the global river topological networks 
developed by UNH and GRDC. These parameters will include: (i) mean, max imum and 
minimum upstream oxygen-18 and deuterium composition of annual and monthly 
precipitation based on the GNIP database, (ii) weighted mean, maximum and minimum 
upstream discharge volume, and (iii) upstream land cover types based on USGS land cover 
classification, (iv) mean elevation of stations and upstream mean, maximum and minimum 
elevations 
2. To provide a database of these values and related graphs and plots in a brief annual report.  
 
Linkages established with other interested groups 
 
St. Lawrence R Basin: (Hillaire-Marcel) 
No cost participant. Agrees to contribute isotope data from stations on St. Lawrence at 
Montreal and Quebec City, Ottawa R. and Mascouche R. to IAEA database 
 
White R. Basin: (Ferrick) 
No cost participant. We have observed that the isotopic signature of the river at base flow 
changes with discharge.  Our hypothesis is that this response is caused by diminishing 
contributions from water rich upland areas of the basin.  The expanded measurement plan is 
designed to test and better quantify this concept. 
 
 
6.0 OTHER ISSUES 
 
6.1 Sampling Protocol and Evaluation and Intercomparison of Sampling Strategy 
 
Water sampling protocol was agreed to be via standard methods to be determined by the 
procedures and requirements of the specific laboratories running the analyses.  In general, 
stable isotopes of water are to be collected to ensure as much as possible that a representative 
sample of the discharge flux is obtained and to be stored in containers that prevent 
evaporation.  Sampling sites should as much as possible be at regular stream gauging stations 
where discharge is measured regularly. These sites should be situated taking into 
consideration the guidelines for selection of gauging stations referred to in Chapter 2 pp. 3-11 
of WMO (1980). Various participants referred to water/sediment sampling methods and 
protocols that were described in Edwards and Glysson (1999) including depth integration, 
width-integration, and dip or grab sampling. A flux-integrated strategy as described by 
Hooper et al. (2001) was also discussed.  Flux-weighting of the isotope composition of 
discharge is required to obtain representative long-term isotope values for continental runoff 
as described in Fig. 1.  
 
Depth-integrated sampling involves collecting a representative velocity-weighted water 
sample in each vertical profile of the river (Fig. 3).  Under ideal circumstances a series of 
vertical profiles at the centroid of each equal flux compartment of the river cross-section is 
required to get a representative sample of the total flux of water (Fig. 4).  Due to some 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Vertical section of river showing velocity distribution and suspended sediment 
concentration gradients, illustrating the use of a suspended sediment sampler for depth-
integrated sampling (Edwards and Glysson, 1999) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Equal discharge increment sampling technique, whereby depth-integrated or grab 
samples are obtained at the centroid of each equal flux compartment (Edwards and Glysson, 
1999) 



practical and logistical limitations with implementing depth- and/or width- integration in 
some of the planned field programmes, and based on personal experience of the participants it 
was decided that mid-depth, mid-channel grab or dip sampling was also a reasonable 
compromise which should be adequate for isotope studies, provided that the sampling stations 
were not downstream from major tributaries where lateral in-mixing has been documented. In 
this case width-integration would be required to obtain a representative sample.  In all cases, 
participants suggested that selection of sampling locations should be made with knowledge of 
the mixing conditions of the river at each station, and their seasonal variability including 
differences during ice-on, melt periods, and ice-break-up conditions. It was acknowledged 
that at some times of the year it may be difficult to obtain an optimal sample which should be 
noted when the results are reported. 
 
To further investigate the implications of using different sampling methods it was decided to 
undertake several sub-studies in this area. The following tasks were proposed and agreed on 
by the participants:  
 
(i) C. Kendall and J. Hogan agreed to conduct an experiment to compare the potential 
differences arising from use of depth/width integration with grab sampling on the Rio Grande 
river 
 
(ii) L. Martinelli agreed to conduct an experiment to compare the potential differences arising 
from use of depth/width integration with grab sampling in the Amazon basin 
 
 
(iii) D. Rank agreed to compare the effect of temporal sampling frequency on rivers in the 
Danube basin 
 
(iv) J. Gibson (for A. Pietroniro) agreed to discuss and evaluate problems with sampling 
during ice-on, freeze-back, melt period conditions in the Mackenzie R. basins 
 
(v) A. Sugimoto agreed to to discuss and evaluate problems with sampling during ice-on, 
freeze-back, melt period conditions in the Lena R. basin 
 
(iv) W. Stichler agreed to document and discuss the incomplete mixing effects below 
tributaries and to describe required methods for incomplete mixing situations 
 
6.2 Database Development and Inter-basin Comparison Activities 
 
The participants suggested that a standard excel or similar template be developed to facilitate 
integration of data sets in a common database. The required fields are to be station number 
(local, GRDC, and CRP codes), latitude, longitude, elevation, date, time, instantaneous 
discharge (m3/s), δ18O, δ2H, 3H (where available) and 3H error (where available), temperature, 
electrical conductivity, comments on water/ice conditions, comments on whether other 
isotopes were collected, and whether archived samples exist. A view of a sample excel 
template including units and required fields is attached for discussion and feedback. 
 
B. Fekete is willing to provide estimates of monthly and annual upstream δ18O in precipitation 
modeled based on the GNIP network  for each prescribed collection station to be included in 
the database. These data may be useful for comparison of isotope signatures of precipitation 
input and river discharge output. Land cover percentages for each basin were also suggested 
as a possible database component, and useful for interbasin response comparisons. 



 
It was also discussed and suggested that the database be made publicly available at a later date 
through GRDC to encourage testing and evaluation of transferability of approaches and 
interbasin comparisions.  One important note is that recovery and incorporation of several 
isotope datasets dating back for up to 30 years will be included in the CRP database as part of 
the contributions of some research groups. 
 
 
 

 
 
 
Figure 5.  Proposed excel template for compilation of river isotope database. Required fields 
and units are shown. 
 
 
 
6.3 Need for Supplementary Sampling of Hydrological Components 
 
While monitoring of precipitation under the GNIP and similar programmes, and monitoring 
of river waters within the framework of the CRP provides a substantial opportunity for the 
study of hydrological processes it was also strongly advised that specific studies would 
benefit from sampling and characterization of other water cycle components including 
groundwater, atmospheric moisture, tributaries, snowpack, glacier melt, wetlands and other 
contributing surface waters. To augment time-series sampling of river water it was also 
strongly recommended that spatial synoptic surveys be undertaken to gain a better 
understanding of isotope distribution within the watershed sub-basin, preferably for different 



characteristic seasons.  An additional suggestion was to undertake development of FT-IR 
instrumentation (Griffith 1996) for field-based characterization of isotope signatures. 
 
6.4  Need for Development and Refinement of Conceptual Models 
 
The model described in Fig. 1 provides a conceptual basis for understanding the significance 
of oxygen-18 and deuterium variations in river discharge at the global scale.    Ideally, such 
models should be quantitatively referenced when describing hydrological processes or their 
variations in a river basin.  J. Gat has agreed to work on more specific conceptual models for 
various processes operating in large river basins, and to develop a more complete physical 
model of  how precipitation is transferred to rivers, and the associated quantitative isotope 
transfer functions.  Similar conceptual models need to be superimposed on the water isotope 
conceptual model to account for solutes, nutrients and other tracers of interest.  While this is 
beyond the intersection of interest of the group, it is important that these activities be pursued 
by individual groups in the second and subsequent years of the CRP.  Conceptual models 
should specifically target: (i) tritium and tritium-helium cycling, and (ii) nutrient (carbon and 
nitrogen) cycling, (iii) strontium and other solute tracers.  
 
 
6.5 Web Site Development, Publications, and Future Meetings 
 
The participants suggested to create a web site for promoting awareness of the project and to 
serve as a common point for distribution of reports, articles, and bibliographic materials 
pertaining to the CRP.  The suggestion was made also to provide web hyperlinks to web 
pages of research groups participating in the study, and to include the main CRP web page 
link in future articles including the planned submission to EOS.  
 
To prepare the web pages, participating groups will be requested to provide a one-page 
description under the headings of the study objectives, sampling strategy, physiographic 
setting, climatology, and hydrology of each basin being studied. 
 
It was suggested that the programme be promoted and disseminated by publishing a 2000 
word article in EOS followed by a more comprehensive article to be developed for a special 
session in May 2003 at the 40th Anniversary Isotope Hydrology Symposium of IAEA. 
Members of the group who plan to attend the symposium also agreed to convene for an 
afternoon workshop to discuss results and implications for subsequent investigations to be 
carried out within the CRP. 
 
6.5 Timeline for Activities 
 
A tentative timeline for completion of the various activities is provided as Table 2. As 
necessary, the proposed strategy will be improved and augmented on an ongoing basis. 
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FINAL AGENDA 
 
DAY 1: MONDAY, 13 MAY 2002 
 
Session 1: Opening of the Meeting 
 
08:30 – 09:30   Registration 
09:30 - 10:00  Introduction of Meeting Participants 

Opening Remarks  
 
Meeting Objectives, Organization 
P.K. Aggarwal, Section Head, Isotope Hydrology IAEA 
 
Introduction and Background 
J.J. Gibson, Isotope Hydrology IAEA   

    
   Election of a Chairperson 
    
Session 2:  River Basins: Past Research and Proposed CRP Activities   
 Chair: J.Gat 
10:00 - 10:30  W. Stichler    German river and precipitation programme, focusing on 

the Rhine R.  
 
10:30 - 10:50  Coffee Break  
 
10:50 - 11:20  J. Hogan  The Rio Grande study 
 
11:20 - 11:50 L. Martinelli  Proposed Investigations in Amazon Basin, Brazil 
 
11:50 - 12:20 C. Kendall  The USGS river isotope programme 
 
12:20 - 14:00 Lunch Break 
 
14:00 - 14:30  S.K. Bhattacharya  River isotope programme in India 
 
14:30 - 15:00  A. Sugimoto   River and precipitation isotope programme within the 

GAME Study  
 
15:00 - 15:30 J. Gat  River isotope research programme in the arid zone: 

the  
                        Jordan R. case study 

 
15:30 - 16:00    Coffee Break 
 
16:00 - 16:30 M.A. Choudhry   The Indus Basin isotope programme 
 
16:30 - 17:00 I.B. Goni   River isotope research within the Niger R. Basin 
 
17:00 - 17:30 D. Rank River and precipitation programme in the Danube  

                        Basin 
 



17:30-18:00 H. Panarello The Rio de la Plata and Parana R. study, Argentina 
 
18:00 Social Event TBA 
 
DAY 2: TUESDAY, 14 MAY 2002 
 
Session 3:  River Basins: Past Research and Proposed CRP Activities   
 Chair: J.Gat 
 
 
09:00-09:30 D. Stone Research plan for the Murray-Darling Basin, Australia 
 
09:30-10:00 P. Seyler    Isotope studies within the HyBAm programme, IRD-  

                        Brazil  
10:00-10:30 B. Fekete    Runoff and Precipitation in Large River Basins  
 
10:30-10:50 Coffee Break 
 
10:50-11:10 U. Schotterer  The Swiss Isobalance Network  
 
11:10-11:30 T. Maurer The Global Runoff Data Centre 
 
11:30-12:15 A. Pietroniro, J. Gibson   

Isotope tracing of hydrological processes in  
            the Mackenzie Basin, Canada  

 
Overview of other contributions: Chang Jiang R. 
(Wang), St. Lawrence R. (Hillaire-Marcel) , White R. 
(Ferrick), Orange R. and Zambezi R. (Talma)  
 

12:15 - 14:00  Lunch Break 
 
 
Session 4:  Report Working Group  
 
14:00-18:00 Theme: Design criteria for a network to monitor isotopes in river discharge; 

operation of river isotope monitoring networks -  standardized sampling, 
supporting data requirements, theory, integrated framework for examining 
hydrological processes,  scaling, limitations 
Objective:  To create a report on design and operation of the CRP for 2002-
2005 

 
DAY 3: WEDNESDAY, 15 MAY 2002 
Session 4:  Report Working Group (continued) 
 
09:00-12:00    Report Working Group Session 
 
12:00-14:00  Lunch Break  
 
14:00-18:00  Report Working Group Session 
 



DAY 4: THURSDAY, 16 MAY 2002 
 
Session 5:  EOS Article Working Group 
 
09:00-12:00 Objective:  To outline and draft an EOS article on the CRP initiative  

Issues: Assignment of writing tasks and breakout groups 
  
12:00-13:00 Lunch Break 
 
13:00-16:00  Breakout sessions  
 
16:00-18:00  Working Group Reports and Discussion 
 
18:00   Closing of the Workshop 
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