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Introduction 
I will discuss how we should view some climate 
change impact assessments, some recent findings 
regarding rainfall, and one-off trends. 

I will describe global climate models (GCMs) that 
are used to produce climate change scenarios, and 
consider the uncertainties involved in these and 
some of their limitations. I will discuss planning 
for climate change, not just from the perspective of 
farmers but also from the perspective of infrastruc-
ture managers — for example, a water supply 
manager who might be considering changing op-
erational rules in an existing water supply system 
or expanding that system. I will also include snap-
shots of some river basins around the Asia–Pacific 
region and some climate change projections. When 
I was preparing for this presentation — that in-
cluded reading the Fourth Assessment Report of 
IPCC — I was amazed at the lack of good and rea-
sonable studies in the area. 

Finally I describe some of the knowledge gaps and 
offer my conclusions. 

Some cautionary notes 
One thing to be aware of when looking at this sub-
ject is that maps of the globe showing reductions in 
runoff are heavily based on the ability of GCMs to 
simulate the baseline climate and runoff. As a hy-
drologist I can tell you that not all of them do a 
very good job, at least in parts of the world that I 
am familiar with. 

Most of the detailed studies focus on climate and 
surface water resources in USA and Europe; Aus-
tralasia comes in a very poor third compared to 
those two. In the developing world the situation is 
much worse. Even in developed countries, only a 
small number of studies have considered the feasi-
bility and effectiveness of adaptation measures in 
the context of specific water supply systems. There 
is not a lot of information around. Another impor-
tant factor relevant to the balance between water 
availability and demand, particularly in the Asian 
Pacific region, is that changes in population and 
economic development will have a significant role, 
as well as climate change. 

Recent findings — rainfall and 
runoff trends 

BRYSON BATES is Director of CSIRO’s Climate 
Program. He served as a Lead Author for the 
Second, Third and Fourth Assessment Reports 
of the Intergovernmental Panel on Climate 
Change. His research interests include h
climatic extremes, downscaling numerical cli-
mate model simulations and the effects of 
climate forcing on rivers. He is an editor for the 
international journal Climate Research and an 
invited member of the Steering Committee for 
International Meetings on Statistical C
ogy. He held the position of Visiting Research
Scientist at the Earth Institute of Columbia U
versity from 2002 to 2003, and was the re-
search manager of the Indian Ocean Climate 
Initiative from 1998 to 2004. 

Trends in climate are not uniform around the 
globe. A recent paper in Nature (Gedney et al. 
2006) presented data from rings in juniper trees 
that essentially show that the twentieth century is 
the wettest period in the last one-thousand years in 
northern Pakistan. In other parts of Asia (northern 
and central areas) there are signs of upward trends 
in rainfall, while in eastern and south-eastern areas 

ydro-

limatol-
 

ni-
1 This text was prepared by the editor from the record of 

the presentation. 
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there are no emerging trends at all. In China, how-
ever, there is certainly evidence of drought areas 
increasing in the north, but not in the north-west. 
More locally, there is drying trend across southern 
and eastern Australia, while conditions in the 
north-west are becoming wetter. 

Gedney et al. 2006 were trying to ascertain the 
contributors to current rainfall and runoff trends. I 
will refer only to Asia. On the right-hand side of 
Figure 1 there are columns for all possible contrib-
uting factors — climate alone, aerosols alone, the 
effects of increasing CO2 on photosynthesis by 
plants, and changes in land use. 

On the left-hand side of the diagram there are two 
hatched columns: these show the situation over the 
whole study period, 1901–1994. The next two 
show the situation post-1960. It seems counter-
intuitive, but there has been a reduction in ob-
served rainfall but an increase in observed runoff. 

The climate signals do point towards a decrease in 
rainfall, but you can also see a positive contribu-
tion from aerosols. There is also a sizable contribu-
tion from plants. Studies reported in hydrological 
literature, from people doing impact studies on 
climate change, frequently ignore changes in plant 
behaviour. Any improvements in water use effi-
ciency in plants because of increased CO2 are 
rarely captured in these analyses. 

In this part of the world the ‘Asian brown cloud’ 
has become significant. It is a cloud due to pollu-
tion, about 3 km thick; covering the entire Indian 
sub-continent and certainly moving into eastern 
and southern Asia. 

Associated with aerosols is the subject of ‘global 
dimming’ that has been getting press for quite 
some time. In Australia and in China studies show 
that pan evaporation over the last few decades has 
been going down. However, if you look at that data 
very carefully, at least in the Australian context, in 
the last five or six years it is starting to go back up 
again. There is a lot of argument about the value of 
pan evaporation, but it is actually evaporation that 
matters. There is also a growing school of thought 
that aerosols in the atmosphere have hidden global 
warming — that we should have seen more of a 
signal than we actually have. There is increasing 
evidence that that signal was large, but in fact it 
has been waning since the 1980s. Aerosols are in 
the atmosphere for only a year or two, but we need 
to start talking about greenhouse gases, like carbon 
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Figure 1. Attribution of runoff trends, Asia. 
‘PreO’ = precipitation observed; ‘RoO’ = runoff 
observed; ‘All’ = modelled runoff incorporating 
all contributing factors; the four grey colums on 
the right indicate the contribution of the i
ual factors 
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(Gedney et al. 2006). 
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0–150 years and its effects are cumulative. 

 very small number of studies indicate that aero-
ols in the atmosphere due to human activity have 
ustained the North Atlantic circulation, which is 
ery important in keeping the climate of north-
astern USA and western Europe fairly benign. 
ome recent CSIRO work points to aerosols as 
eing the cause of rainfall increase in north-
estern Australia. 

lobal climate models (GCMs) 
lobal climate models are very large American 
odels that have to be run on very fast computers. 
hey involve three-dimensional computational 
rids. They try to simulate the fluxes of energy and 
ater through the atmosphere and the oceans, 

cross the land surface and through the cryosphere. 
ome of the later models include an interactive 
iosphere as well. These models do a good job at 
imulating climate on a global scale, but at the re-
ional scale — and the definition of regional is 
uite critical here, whether you’re talking about 
outh-eastern Asia or the south-western corner of 
ustralia — they are certainly not yet capable of 

imulating climate. 

ncertainties are significant 
n assessing the impacts of climate change on wa-
er supply, uncertainty in the projections of pre-
ipitation is a dominant factor. However, very 
ood methods have been developed — in Australia 
ut in other countries as well — for using informa-
ion from large models and scaling it down for use 
n crop models or water supply models. 
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Figure 2. CO2 concentrations suggested by a 
range of scenarios (IPCC 2001) 
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re a farmer, however, you would proba-

ery 

e you 
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odelling at a regional scale 
rld 
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 × 

e actually shows what are called ‘mean 
ea level pressure anomalies’ (MSLPs) — that is, 

y be 

r 

ncertainties are inevitable when dealing with c
ate change over a time frame of the twenty-firs

entury. There is uncertainty in the climate mode
tself; there is uncertainty in our hydrological mod-
ls; and there are uncertainties in the greenhou
as emission scenarios that are put out by the 
PCC. In Figure 2, on the right, further out towards
100, the uncertainties in the projection certainly 
rows. This is because of uncertainty about futu
ocial, technological, political development. 
f you we
ly be looking at the portion of that diagram 
round 2010–2020, and you can see there is v
ittle difference in the scenarios at that time. It is 
asically the uncertainties in the climate and hy-
rological models that would concern you. 

f you were a planner for major infrastructur
ould be out more in the 2050s, and you can see 

hat at that time the differences in the emission 
cenarios start to come into play. These aren’t al
f the scenarios — they are only a sub-set. I will 
efer again to the some of these scenarios later. 

 number of climate scientists around the wo
re now assessing the ability of GCMs to simulat
limate over smaller spatial regions. Figure 3 com-
ares four models, very highly regarded in Austra-
ia, for their ability to simulate climate when 
pplied at a much smaller scale — an area of 
outh-western Western Australia of about 600
00 km. 
he figur

the variation around the mean. If the model is do-
ing well the black boxes would match up with the 
grey boxes and would be capturing the seasonal 
signal. Only one model does that very effectively 
— the third one down, which happens to be the 
UK model. The fourth set of results are those of 
the Max Planck model, which does not look en-
couraging. And yet from the climate scientists 
point of view, these models aren’t really that far 
apart. The Hadley Centre model would probabl
up in the top one or two, and Echam would be 
about fourth or fifth among about 20 climate mod-
els. And yet there is this large difference in thei
performance at this regional scale. 
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Figure 3. The results of an attempt to  
predict mean sea level pressure anomalies 
(MSLPs) for south-western Western  
Australia using four different models 
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Studies of major river basins 

The Yellow River 
In the Yellow River basin there is no strong evi-
dence of any precipitation trends over the last few 

The effects on storm runoff was examined in the 
Stirling catchment in south-western
tralia, using the same models. Again the Hadley 
model, after down-scaling, worked very well in 
reproducing the seasonal cycle in that region. 
However, the errors in the water balance results o
the Echam model are quite large, of the order of 
hundred percent. Thus even though these models 
are regarded as being good in terms of their clima-
tology, they’re not very useful in terms of hydro-
logical assessment. The Hadley model is very 
good, the Echam (Max Planck) one not so good. 

Planning for the future 

Projections of climate and f
resources 
Given the above background, how on earth do we
plan ahead? C
— when disturbed they don’t come up with a pro-
portionate response. In fact a very famous ocean 
scientist once said, ‘If you nudge the climate sys-
tem it is capable of a violent response’ — hence 
the term non-linear. It is also very noisy; when 
your take observations there are errors in the ob-
servations, there is a great deal of inherent variab
ity that can only be described by statistical 
methods. And there is also an element of chaos, in 
that things like El Nino prefer to be in one state or 
the other rather than a neutral position. Our knowl-
edge of this system is certainly not complete. 

It is not possible to predict whether or not there 
will be 10 mm of rainfall in Canberra on 29 Ju
2050. That is absolutely impossible. What we’re 
trying to do is something very similar to a game of 
Two-Up, which Australians would be familiar 
with. You throw two coins up in the air, and a lot 
of bets are made as to whether there will be two 
heads, two tails, or a mixture of the two. If we are 
starting a game, it is impossible to predict with any
reliability what the result will be on the one-
thousandth toss — if we last that long! But we 
know the probability of two heads is about 25%. 
So we can get ourselves in the ballpark here. I s
about 25%: it is exactly 25% if the person throw-
ing the coins is doing it fairly and if the coins are 
unbiased. We know that’s probably not quite true. 
So there are some error bounds around that, and 
exactly the same with climate change scenarios. 
We don’t have perfect knowledge; we don’t have 
perfect models and we don’t have perfect data. B

we can however give you an idea of what the ball-
park might look like. 

Although in this part of Australia we are going 
through an extended drought, our future climate
will still produce both wet and dry periods. This 
variability, however, will be super-imposed on 
continued warming unless we start really cutting
our greenhouse gas emissions. Rainfall will depen
on what happens to the major rainfall generation 
mechanism in this part of the world. There is evi-
dence that at least one example of these, the mid-
latitude westerlies, are already changing across 
southern Australia. 

In some of the high-end projections, the clim
change signal is large relative to natural variabilit
If we go along the business-as-usual path, we will 
see a very strong ethnogenic signal in climate in 
future decades. 

In the Asia–Pacific region, warm
est in central and northern Asia. The intensity and 
frequency of heat waves in eastern Asia will in-
crease, and runoff will increase in the high-
altitudes and wet tropics and decrease in the
latitudes and dry tropics. Heating of the atmos-
phere changes the nature of the water cycle; the
atmosphere has a higher-moisture holding capac-
ity; the risk of both floods and droughts will in-
crease. There will be changes in the seasonality of 
river flows, particularly in areas where snows are 
the major contributor to runoff — and these results
seem to be the same regardless of which of the 
GCMs are used. In the coldest regions around th
planet, spring runoff will increase, while in lower 
regions that do have snow winter flows will in-
crease. 

In many
increase, and this will lead to increased soil erosio
unless it is managed. Increased intensity of floods 
and droughts will have adverse effects on water 
quality. Increases in sea level will impair water 
quality of coastal aquifers and wetlands, especia
in low-lying coastal regions. And there will be 
changes in many parts of the world in the balanc
between water supply reliability and water de-
mand. 
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inimum 
temperature — has increased (Fu et al. 2004; Yang 

ame is evident in Australia). 
 

e 
-

pe of 
projection (Guo et al. 2002) undertaken in this ba-

s is based on a factorial ex-

 

a have been getting hotter 
since 1973, although there doesn’t seem to have 

ugh these droughts. 

-

 (scenario B1) or −24 to 

cenario 

Fig t of climate change on 

 compare the pre-
sent to 2050. Using the A2 scenario — a fairly 

compared the consequences of 
e 
n. 

 

 

The study suggests: 
 temperature will be uniformly dis-

ncrease in months with 

• tation in the early 
il 

Knowledge deficits 

whi
vegetation to rising CO2; climate change and nutri-

years, but temperature — particularly m

et al. 2004) (and the s
All of the GCMs that were used in a recent study
(Nijssen et al. 2001) predict that, about 20–40 
years out, there will on occasions be a significant 
decrease in precipitation falling as snow and re-
duced stream flows due to increased temperature 
and evaporative demand. 

The Yangtze River 
In the Yangtze River basin there is some evidenc
of increased precipitation, and certainly a tempera
ture increase (Wang et al. 2001). I find the ty

sin very dissatisfying a
periment —rainfall will be varied by 10%, 
evaporation by 10% and so on. If the hydrological 
cycle is tweaked hard enough it will respond, but 
there is no guidance as to what is a reasonable 
change. You may end up with estimates that a one-
degree temperature increase will reduce run-off by
36–39%: is this likely?  

The Murray–Darling 
In the Murray–Darling Basin (MDB), the last five 
years have formed the driest such period on record. 
Droughts across Australi

been any less rainfall thro
Snow depths at the few places we have long-term 
observations are decreasing. The Murray–Darling 
Basin Commission, CSIRO, the Bureau of Meteor-
ology and other parties have formed the South 
Australian Climate Commission which will exam
ine climate issues facing this basin, both in the pre-
sent and in the future. 

Projections (Beare and Heaney 2002) suggest that 
substantial reductions in runoff are likely: 
• 2050: −10 to −19% (scenario B1) or −14 to 

−25% (scenario A1) 
• 2100: −16 to −30%

−48% (scenario A1) 
Projected agricultural costs are US$0.6B (s
B1) to US$0.9B (scenario A1). 

The Murrumbidgee 
ure 4 shows the impac

the Murrumbidgee River catchment. We down-
scaled one GCM run and tried to

high scenario — we 
raising the present-day atmospheric carbon dioxid
concentration to about 1.7 times that concentratio
That led to an 8% rainfall decrease, which doesn’t 
seem very high, and an 0.9°C increase in maxi-
mum temperature. The figure, however, shows a 
‘flow duration curve’ in which the flow data is or-
dered by magnitude and assigned a probability. 
The flow duration curve for the future climate — 
particularly at the high end — falls noticeably be-
low that of the current climate. It indicates a 45%
reduction in the highest 50% of the flows. So not 
only are we talking about a runoff reduction, but 
most of the reduction is taking place in the high 
flows. 

The Mekong 
I could find only one projection of climate change
for the Mekong, where the situation (2025 and 
2045) seems to be fairly complex (Nijssen et al. 
2001). 
• increases in

tributed throughout the year 
• precipitation increases during the monsoon 

season, decreases during the dry season 
• runoff and evaporation i

increased precipitation 
much of the increased precipi
part of monsoon will be used to replenish so
moisture storage. 

Figure 1 illustrates one of the knowledge gaps to 
ch I have already referred: the response of 

 

Figure 4. Flow duration, Murrumbidgee River at 
Maude Weir. ‘Future’ = Scenario A2, 2050 (CO2 
up by 1.7), 8% less rainfall, 0.9°C increase in 
maximum temperature, 45% reduction for h
est 50% of flows (Viney et al. 2003) 
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le adaptation. 
ess of Environmental and Resource 

onterey, California, 24–27 June 

ent availability is completely u

In water supply catchments with mixed-species 
forests, the likely response of the forests is unce
tain. We expect that in the early parts of the 21st 
century the efficiency of water use by vegetatio
will increase, but that will be contingent upon what 
happens to rainfall and temperature. The big pre-
requisite is available nutrients. If nutrients are lim-
iting, there will not be an increase in water use ef-
ficiency and runoff will not increase. Most studies 
don’t seem to take that into account at all, or to use 
only crude rules of thumb. 

It is not so much the changes in the mean climate 
that are going to undo us, but the changes in vari-
ability and extremes. Decision-makers have paid 
far too little attention to ext
space and time scales, but there is a move to in-
crease research in those areas. 

Ground-water resources were mentioned in the 
second and third Assessment Reports as an area
that needs to be researched. Water quality is an-
other one, particularly in relatio

ecosystems. Most of the latter are already subjec
to intrusion by evasive species — weeds, foreign
fish, etc. — and most of the habitat is either de-
stroyed or compromised. It is certainly fragmente

We also need to start considering the detection and
attribution of change in behaviour and health of 
water resources — some little work has been don
but not a great deal. We need more powerful meth-
ods to characterise hydrological uncertainty, in-
cluding short-term vagaries.  

Looking out 10–20 years, we need a much better 
idea of hydrological systems to make a reasonable 
assessment of impacts of climate change. In this 
country at least, the cost of im
without adaptations — is not being estimated. We 
don’t really know, with reasonable certainty, what 
climate change holds for us in terms of the im-
pacts. 

At a national level there are two schools of 
thought: either ‘we’ll all be ruined’, or ‘our living 
standards will be compromised but only slightly
but rea
‘integrated regional assessments’ — many of the 
impact studies that are done focus simply on
issue: on water or on wheat or on rice. Several dif-
ferent groups may study different things in the 
same basin without working together. In the Mur-

rumbidgee, what happens to water affects farmers
but it also affects the environment, it affects water
supply for towns. If we start afforestation — put-
ting more forests in the headwaters of the Mur-
rumbidgee — there will be less runoff. All these 
things are interconnected, and if we are worried 
about the sustainability of our economy and our 
society we need an integrated approach. 

Conclusion 
We know from the palaeolithic record that our cli
mate system has changed in the past. There is cer
tainly evidence of it changing now. We expect 
through the IPCC p
future. 

There is some debate about the extent to which 
humans are affecting the current climate. Most 
creditable scientists believe that the human foot-
print is already evident, and that its effect is in-
creasing. Som
make adaptations until we have what they call fu
scientific certainty — knowing everything we n
to know to make a decision. There are very few o
us, however, who at any point in our lives when
we have had to make a critical decision have had
full set of information, and this is no different. 

If we wait for full certainty, there are several im-
portant considerations. One is that it may never 
come, because we are dealing with a system we 
don’t know completely, and our models will never 
be able to fully simulate the climate system. An-
other is, if we do wait, by the time we accept that
we have a problem it might be too late to do any-
thing sensible. Regardless of whether you believe
in ethnogenic climate change, or human-induced 
climate change if you want to call it that, you do 
need to measure the risk. In this part of the world 
—southern Australia — at least, we’ve already go
dry conditions at the present time. If we really 
adapt our society to such dry conditions now, life 
will be a lot easier in the future. 
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