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Human-induced climate change reduces chance of flooding in Okavango Delta

Attribution of floods in the Okavango basin, Southern Africa, by Dr Piotr Wolski (University of Cape Town, South Africa), Dr Dáithí Stone (Lawrence Berkeley National Laboratory, USA), Dr Mark Tadross (United Nations Development Programme), Dr Michael Wehner (Lawrence Berkeley National Laboratory, USA), Professor Bruce Hewitson (UCT, South Africa) – published in Journal of Hydrology, 511, 350-358, doi:10.1016/j.jhydrol.2014.01.055

Researchers at the University of Cape Town (UCT), Lawrence Berkeley National Laboratory and the United Nations Development Programme have analysed how human-induced climate change has affected recent flooding in an ecologically and geographically unique river basin in southern Africa, that of the Okavango River.

After seasonal rains fall in southern Angola, floodwaters flow slowly down the Okavango River into semi-arid northwestern Botswana, where the river spreads, floods and eventually evaporates within the inland Okavango Delta. The annual floods of 2009, 2010, and 2011 all reached extents last seen decades ago. While deaths were minimal, villages and houses were flooded, bridges closed or washed away, and water and electricity supplies interrupted. In a world where greenhouse gas emissions from human activities are causing the climate to change, the question arises: were these unusually high floods related to human-induced climate change?

In this study, a first of its kind carried out on the African continent, researchers addressed this question by producing a unique set of simulations generated by two computer models of the climate system. In some simulations, the models were driven with “real-world” conditions observed over the 2009-2011 period, including observed concentrations of greenhouse gases.  Emissions from human activities have increased the amount of greenhouse gases in the atmosphere and this has caused the planet to warm over the past century. In other simulations, the models were driven with “non-greenhouse-gas” conditions that might have been in a world in which human emissions of greenhouse gases had never occurred. These climate model simulations were then used to run a model of the Okavango River system, to predict how floods would change under these different climate conditions.

Dr Piotr Wolski, who started the research while at the Okavango Research Institute, Botswana, and is now at UCT, explained that: “By comparing the number of simulations under the ‘real world’ conditions which produced high floods with the number of simulations that did so in the ‘non-greenhouse-gas’ world, we were able to estimate the degree to which greenhouse gas emissions have altered the chance of a high flood occurring.” This was possible because of the unique large number of simulations covering several years generated by the team. “The Cape Town team built up the simulations of their climate model gradually over a period of years using an in-house computing cluster, so to match them over a shorter time we had to run our climate model on a supercomputer at the National Energy Research Scientific Computing Center,” explained Dr Michael Wehner, a co-author at Lawrence Berkeley National Laboratory.

What the researchers found was that greenhouse gas emissions have substantially reduced the chance of the floods. “The robustness of the results – no matter which year we looked at, which climate model we used, or which method we used to put the climate model data into the river basin model – this came as a surprise,” claims Dr Dáithí Stone, a co-author who moved from UCT to Lawrence Berkeley National Laboratory during the project. To find out why, the researchers looked at the different climates to dissect and understand the mechanism responsible for the reduced chance of flooding.

“It was fairly simple,” explains Dr Wolski. “The air is warmer in the climate we are experiencing and the river takes a long time to flow down to the Delta, so you get more evaporation occurring before the river even reaches the Delta, and thus fewer high floods. Rainfall was not very different between the two sets of simulations, but in any case it would have to have been quite a big change in rainfall in order to match the difference in evaporation.”

The findings appear counterintuitive, given the high floods of 2009-11. “It is indeed an unusual situation,” says Dr Wolski. “On the one hand, we have unusually high flooding and the general understanding that anthropogenic climate change leads to an increase in frequency and magnitude of extreme weather events (such as floods). On the other hand, we have our results, which indicate that greenhouse gas emissions actually led to a decrease in flooding. What makes the two consistent with each other is the natural variability occurring in the system.” This variability manifests itself as 20-30 year periods of above-average or below-average flooding, and the 2009-11 years fall within the former. “If not for climate change,” says Dr Wolski, “the Okavango system would have experienced even larger flooding in 2009-11 than it actually did.”

Dr Mark Tadross, a technical advisor for the United Nations Development Programme and co-author, emphasised the relevance of the research within current international negotiations on climate change. “Currently there is a lot of international interest in losses and damages that may be attributable to climate change, in order to identify priorities for adaptation funding. Studies such as this one are likely to become increasingly necessary, if we are to be able to estimate how human emissions alter the chance of floods, droughts and disasters in the future.”
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