
Accepted Manuscript

Evaporation and abstraction determined from stable isotopes during normal flow
on the Gariep River, South Africa

Roger E Diamond, Sam Jack

PII: S0022-1694(18)30141-0
DOI: https://doi.org/10.1016/j.jhydrol.2018.02.059
Reference: HYDROL 22608

To appear in: Journal of Hydrology

Please cite this article as: Diamond, R.E., Jack, S., Evaporation and abstraction determined from stable isotopes
during normal flow on the Gariep River, South Africa, Journal of Hydrology (2018), doi: https://doi.org/10.1016/
j.jhydrol.2018.02.059

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jhydrol.2018.02.059
https://doi.org/10.1016/j.jhydrol.2018.02.059
https://doi.org/10.1016/j.jhydrol.2018.02.059


  

Evaporation and abstraction determined from

stable isotopes during normal flow on the

Gariep River, South Africa
1

2

Roger E Diamond1 and Sam Jack2
3

4

1 Department of Geology, University of Pretoria, South Africa;5

roger.diamond@up.ac.za6

2 Institute for Plant Conservation, Biology Department, University of Cape Town, South Africa7

8

Keypoints9

10

• The first full length stable isotope survey of the Gariep River is presented.11

• Evaporation on the Gariep River was calculated at about 20% of flow, or 40 m3/s.12

• Abstraction on the middle reaches of the Gariep River was calculated at 175 L/s/km.13

• The application of stable isotopes to the hydrology of major water resources is demon-14

strated.15
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Abstract20

Changes in the stable isotope composition of water can, with the aid of climatic parameters, be21

used to calculate the quantity of evaporation from a water body. Previous workers have mostly22

focused on small, research catchments, with abundant data, but of limited scope. This study23

aimed to expand such work to a regional or sub-continental scale. The first full length isotope24

survey of the Gariep River quantifies evaporation on the river and the man-made reservoirs for25

the first time, and proposes a technique to calculate abstraction from the river. The theoretically26

determined final isotope composition for an evaporating water body in the given climate lies on27

the empirically determined local evaporation line, validating the assumptions and inputs to the28

Craig-Gordon evaporation model that was used. Evaporation from the Gariep River amounts to29

around 20% of flow, or 40m3/s, of which about half is due to evaporation from the surface of the30

Gariep and Vanderkloof Reservoirs, showing the wastefulness of large surface water impound-31

ments. This compares well with previous estimates based on evapotranspiration calculations,32

and equates to around 1300 GL/a of water, or about the annual water consumption of Johannes-33

burg and Pretoria, where over 10 million people reside. Using similar evaporation calculations34

and applying existing transpiration estimates to a gauged length of river, the remaining quantity35

can be attributed to abstraction, amounting to 175 L/s/km in the lower middle reaches of the36

river. Given that high water demand and climate change are global problems, and with the chal-37

lenges of maintaining water monitoring networks, stable isotopes are shown to be applicable38

over regional to national scales for modelling hydrological flows. Stable isotopes provide a com-39

plementary method to conventional flow gauging for understanding hydrology and management40

of large water resources, particularly in arid areas subject to significant evaporation.41
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