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Global warming 'will cause more forest fires,
droughts and floods'
By Steve Connor, Science Editor

Tuesday, 15 August 2006

Forest fires, droughts and floods are all likely to become more severe and more common if global warming heats the

planet as seriously as some scientists predict.

A study of what may happen if global average temperatures rise by 3C or more over the next 200 years suggests

that extreme weather events are going to be more frequent and more severe.

The study also warns that vegetation could lose its ability to be a net absorber of carbon dioxide, and instead become

a net producer of greenhouse gases.

Marko Scholze, a climate scientist at Bristol University, said theresearch showed that if the global average

temperature rose by more than 3C over the next 200 years, as widely predicted, there is a higher risk of extreme

instances of forest fires or floods.

"We looked at these extreme events and what we found was that a once-in-a-hundred-year event can become a

once-in-a-ten-year event by the end of the century," he said.

The study analysed 52 computer models of the global climate. Researchers found that as global temperatures rose,

so did the risk of forest fires, droughts and flooding caused by the sudden runoff of heavy rainfall.

Even if we stopped emitting greenhouse gases today, global temperatures are still likely to continue increasing

because of the inherent inertia of the global climate system.

With a 2C increase in average temperatures, there is a 30 per cent increased risk of significant deforestation in the

northern forests of Eurasia, eastern China, Canada, and the tropical rainforests of central America and the Amazon.

This risk would rise to 60 per cent and affect wider areas if temperatures rose by 3C.

Other effects of higher temperatures include less freshwater and a greater risk of more intense droughts in west

Africa, central America, southern Europe and the eastern states of America. But one of the most dangerous scenarios

depicted in the study involves land vegetation. "Terrestrial vegetation takes up carbon dioxide. About half of what we

emit is taken up by plants," Dr Scholze said.

But when temperatures rise above 3C, the absorbing effect of carbon dioxide by land plants is outweighed by the

increase in organic decomposition within the soil, which increases with temperature. "We then see that we don't only

have the carbon emissions from humans, but from the terrestrial biosphere as well," Dr Scholze said.
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Doomsday vision of global warming: droughts, floods and
economic chaos

By Graeme Wilson, Political Correspondent

12:01AM GMT 31 Oct 2006

In 600 pages, Sir Nicholas Stern spells out a bleak vision of a future gripped by violent storms, rising sea-levels,

crippling droughts and economic chaos unless urgent action is taken to tackle global warming.

His heavyweight review – which is broken down into six parts containing 27 separate chapters – stresses that any

delay will leave the world in "dangerous territory".

Climate change: the evidence

There is now "overwhelming" evidence that shows "climate change is a serious and urgent issue" and has been

created by man's actions. It now "threatens the basic elements of life for people around the world – access to

water, food production, health and use of land and the environment".

Temperatures are expected to rise by between 2 C and 5 C — an increase on the same scale as the last Ice Age

— though the increase could be as high as 10 C by 2100 if greenhouse gas emissions continue at current levels.

The changes will see the area affected by "extreme drought" soar from one per cent of the world's land mass to

around 30 per cent. In other areas, there will be widespread flooding and more intense storms. "The risk of abrupt

and large-scale changes in the climate system will rise." Sea levels could rise by up to 12 metres over the next

few centuries.

The severity of the impact requires "strong and urgent global action to reduce greenhouse-gas emissions". There

will also need to be "major action to adapt to the consequences that now cannot be avoided".

Impact on growth and development

By 2100, an extra 250,000 children a year will die in the poorest countries as a result of climate change, while up

to 220 million more people could fall below the $2 a day poverty line. A temperature rise of just 1 C to 2 C could

lead to the extinction of between 15 and 40 per cent of all species.

Rising sea levels will threaten countries like Bangladesh but also some of the biggest cities, including London,

Is it true?
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 ... ‘more droughts 
and floods ...’  

does this mean 
trends creating 

droughts somewhere 
and floods 

somewhere else?  

Or more variability 
everywhere?
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from both variability in humidity and changes in moisture convergence or divergence by

transient eddies (defined as co-variances of submonthly wind and specific humidity fields)

were decidedly of secondary importance,. Here we do not seek to evaluate changes in the

variability of transient eddy moisture convergence and divergence. Instead we choose to

improve the characterization of contributions to P − E variability from changes in mean

quantities by using the entire centuries of modeled data. NEED TO ASSESS HOW TE

FLUXES DO CHANGE HOWEVER

We begin with the vertically integrated moisture budget equation which balances P−E

with convergence of moisture by the mean and transient flow,viz:

ρwg(P − E) = −

∫ ps

0

(

∇ · (ūq̄) + ∇ · (u′q′)
)

dp − qsus ·∇ps. (1)

In Equation 1 the monthly mean quantities are represented by overbars and departures

from monthly means by primes, ρw is water density, g is the acceleration due to gravity, p

is pressure, ps surface pressure, u is the horizontal vector wind and us its surface value and

q is specific humidity. The first term on the right hand side is the moisture convergence by

the mean flow and the second term the moisture convergence by the submonthly transient

eddies. (The third term provides a general tendency to reduce P −E (because of surface

flow down the pressure gradient) but cannot be evaluated for all models since many did

not save daily values of surface winds and humidity. Within the GFDL CM2.1 model tis

term evaluated with daily data can be reasonably approximated by using monthly data

so we then evaluated it for all models using monthly data. This term is several times

smaller than the other two terms and we discuss it no more.)

The dominant mode by far of global P −E variability is the El Niño-Southern Oscilla-

tion (ENSO -which has a global impact. Hence we will focus on potential changes in the

interannual variability of ENSO-forced P − E variability. We break down the moisture

budget into a term related to variability in circulation and a term related to variabil-

ity in humidity, variability in transient eddy moisture convergence and variability in the

boundary term, viz:

5

Begin with the moisture equation
bars = monthly means, primes daily departures

Break La Nina - El Nino anomaly in P-E down into thermodynamic 
(q variability only), dynamic (u variability only) and transient eddy 

terms

ρwgδ(P − E) ≈ δTH + δMCD + δTE − δS, (2)

δTH = −δ
∫ p̄s

0

∇ · (¯̄uq̄) dp, (3)

δMCD = −δ
∫ p̄s

0

∇ · (¯̄uq̄) dp, (4)

δTE = −δ
∫ p̄s

0

∇ · (u′q′)dp. (5)

The term that causes variability in P − E through variability in humidity working

with the climatological flow is called the thermodynamic term, δTH , and the term that

arises from variability in mean circulation working with the climatological humidity is

called the mean circulation dynamic term, δMCD. δTE is the term related to changes

in transient eddy fluxes and δS is the change in the boundary term. δ(·) refers to:

δ(·) = (·)LN − (·)EN , (6)

where subscripts EN and LN indicate typical El Niño and La Nĩna conditions. These are

found by conducting a Empirical Orthogonal Function (EOF) analysis of the annual mean

P −E field in each model and for each century. In all model the first EOF is the model’s

representation of ENSO explaining between 15 to 49% of the total variance of P −E with

a mean of 32%, comparable to that observed (see SN). To compute El Niño minus La

Niña differences we take the associated principal component for each model and compute

composites over all years when it exceeds one standard deviation and all years over which

it is below one standard deviation. This difference, δ(·) = (·)LN − (·)EN , is the La Niña

minus El Niño composite difference. Here we only show the multimodel ensemble mean

(MEM) of the composite differences.

To analyze the change in the P −E variability we will need to determine what causes

20th to 21st Century changes in the MCD and TH contributions, i.e. how changes in the

mean and variability of specific humidity and circulation cause changes in the dynamic

6

ρwgδ(P − E) ≈ δTH + δMCD + δTE − δS, (2)

δTH = −δ
∫ p̄s

0

∇ · (¯̄uq̄) dp, (3)

δMCD = −δ
∫ p̄s

0

∇ · (ū¯̄q) dp, (4)

δTE = −δ
∫ p̄s

0

∇ · (u′q′)dp. (5)

The double overbar indicates climatological values. The term that causes variability

in P −E through variability in humidity working with the climatological flow is called the

thermodynamic term, δTH , and the term that arises from variability in mean circulation

working with the climatological humidity is called the mean circulation dynamic term,

δMCD. δTE is the term related to changes in transient eddy fluxes and δS is the change

in the boundary term. δ(·) refers to:

δ(·) = (·)LN − (·)EN , (6)

where subscripts EN and LN indicate typical El Niño and La Nĩna conditions. These are

found by conducting a Empirical Orthogonal Function (EOF) analysis of the annual mean

P −E field in each model and for each century. In all model the first EOF is the model’s

representation of ENSO explaining between 15 to 49% of the total variance of P −E with

a mean of 32%, comparable to that observed (see SN). To compute El Niño minus La

Niña differences we take the associated principal component for each model and compute

composites over all years when it exceeds one standard deviation and all years over which

it is below one standard deviation. This difference, δ(·) = (·)LN − (·)EN , is the La Niña

minus El Niño composite difference. Here we only show the multimodel ensemble mean

(MEM) of the composite differences.

To analyze the change in the P −E variability we will need to determine what causes

20th to 21st Century changes in the MCD and TH contributions, i.e. how changes in the

6
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Next look at change in variability from 20th to 21st 
Centuries

and thermodynamic drivers of P − E variability. To do this we define a 21st Century

minus 20th Century change as:

∆(·) = (·)21 − (·)20, (7)

where the subscripts 21 and 20 refer to 21st and 20th Century averages. Hence ū21 =

ū20 + ∆ū, δq̄21 = δq̄20 + ∆δq̄, etc. Hence the change in P − E variability can be divided

up into changes in the variabilities of the thermodynamic term, the mean circulation

dynamics term and the transient eddy and boundary terms, viz:

ρwg∆ (δ(P − E)) ≈ ∆ (δTH) + ∆ (δMCD) + ∆ (δTE) − ∆ (δS) . (8)

Substituting the relations for 21st and 20th Century values into Equation 3, and ne-

glecting nonlinear terms (such as ∆ū∆q̄), gives:

∆ (δTH) = ∆ (δTHq) + ∆ (δTHu) , (9)

∆ (δTHq) = −

∫ ps

0

∇ · (ū20∆ [δq̄]) dp, (10)

∆ (δTHu) = −

∫ ps

0

∇ · (∆ūδq̄20) dp, (11)

that is, the change in the thermodynamic contribution to P − E variability involves a

term (Eq. 10) that is caused by a change in the humidity variability combining with

the unchanged circulation and a term (Eq. 11) that is caused by a change in the mean

circulation combining with the unchanged humidity variability.

Similarly the mean circulation dynamics contribution to the change in P−E variability

breaks down as:

∆ (δMCD) = ∆ (δMCDq) + ∆ (δMCDu) , (12)
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∇ · (ū20∆ [δq̄]) dp, (10)

∆ (δTHu) = −

∫ ps

0
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∆ (MCDq) = −

∫ ps

0

∇ · (δū20∆q̄) dp, (13)

∆ (MCDu) = −

∫ ps

0

∇ · (∆ [δū] q̄20) dp, (14)

that is, a term (Eq. 13) caused by the change in mean humidity combining with the

unchanged circulation variability and a term (Eq. 14) caused by a change in the circulation

variability combining with the unchanged humidity.

At this point it should be noticed that the breakdown of P − E variability into ther-

modynamics and dynamic contributions is no longer absolute. As climate changes and

climatological mean specific humidity and climatological mean circulation change the effi-

ciency of the thermodynamic and dynamic contributions to P −E variability will change.

For example P − E variability that arises from specific humidity variability will differ as

the climatological mean circulation that converges the humidity anomalies alters. Simi-

larly the increase in climatological mean specific humidity accompanying global warming

appears in the ∆ (MCDq) term where it acts to make the circulation variability more

effective: i.e. the same amplitude of circulation variability in the 21st Century as in the

20th Century creates a tendency to larger P − E variability because it is operating on a

enhanced mean moisture field.

3. Changes in model simulated total interannual P −

E variability

While the remainder of the paper considers changes in P − E variability associated with

the leading mode of global P − E variability, ENSO, we begin with an assessment of

how the total P − E variability changes. Figure 1 shows the MEM variance of annual

mean P − E for the entire simulated 20th Century, the projected 21st Century and the

difference. In this case the P − E variability is contributed to by ENSO, all other large-

scale modes of P − E variability in the models (e.g. model representations of Atlantic

variability, Indian Ocean sector variability, decadal Pacific variability, the North Atlantic

8

The dominant cause of ENSO P-E variability is circulation 
change, MCD term, and this can be broken down as: 
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Data and methods:

19 IPCC AR4/CMIP3 models (some excluded for really 
unrealistic ENSO or data missing (e.g. HadCM3))

20th Century simulations
21st Century SResA1B projections

Variability assessed over 100 years of each

ENSO-driven variability assessed as La Nina minus 
El Nino composites based on PCs of first EOFs of 
annual mean P-E for each model
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First of all, no evidence that ENSO itself changes 
from 20th to 21st Century in a way that is 

consistent and robust across models (Coelho and 
Goddard 2009) - so ignore that and focus on P-E 

teleconnections.
  

How realistic is model ENSO-driven P-E ?
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MMM - Natural Variability
δ(P − E) δTH
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For internal variability - mostly ENSO - thermodynamic 
contribution is weak and P-E is ‘Dynamics dominated’.
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Compo - Natural Variability
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IPCC AR4 mechanisms of internal P-E variability are 
remarkably similar to observed. 
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Change in P-E variance using 19 AR4 models
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But first lets look at 
change in total 

variance of annual 
mean P-E

Variance increases 
almost everywhere.

But not everywhere!  
Actually decreases 

over SW N. America.
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Lower tropospheric moisture content increases everywhere 
but P-E variance does not.   Vertical velocity variance 

decreases except in equatorial Pacific and polar regions.  
P-E variance influenced by both.

% change in σ2(P-E)
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Turning to ENSO-
forced variability ....

General increase in 
the tropical Pacific.

Some areas of 
decrease e.g. 

equatorial Atlantic

Natural variability using 19 AR4 models
δ(P − E)

20c: 1900 to 1999
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ENSO driven 
P-E 

variability ...

Increases over 
Asia

Increases over 
Sahel and much 

of Africa

20thC ENSO-driven P-E variability
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ENSO-forced P-E 
variability ...

decreases over 
southern N. 
America and 
Pacific NW

Increases over 
Central America

Decreases over 
NE Brazil

20thC ENSO-driven P-E variability
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Circulation variability 
(with climatological 
humidity) dominates 
ENSO P-E variability

This term intensifies in 
the 21st Century

Natural variability using 19 AR4 models
δMCD

20c: 1900 to 1999
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21c: 2000 to 2099
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Natural variability using 19 AR4 models
δTH

20c: 1900 to 1999
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21c: 2000 to 2099
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Contribution of 
moisture variability to 

ENSO-driven P-E 
variability is small ...

...with little change
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Change in natural variability using 19 AR4 models

MCD, 21c-20c
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The circulation term 
that dominates ENSO-
driven P-E variability 
can increase due to:

increase in 
climatological humidity

change in circulation 
variability

Both matter
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Change in ENSO variability of 700mb vertical velocity

δ(-ω700mb)20c
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The change in 
the circulation 

variability 
contribution to 
change in P-E 
variability is 

easily accounted 
for ....

....  by change in 
vertical velocity 

variability
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Conclusions

Total interannual P-E variance increases almost everywhere scaling 
as square of increase in climatological humidity

In some places (e.g. southern N. America) it decreases

ENSO-driven P-E variability change is more complex:

Rising humidity causes circulation variability to intensify P-E variability

But change in the circulation variability - shifts in teleconnection     
patterns and amplitudes - equally as important in many regions of 
world
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