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The awarding of the 2007 Nobel Peace Prize to the Intergovernmental Panel on Climate Change (IPCC), 

shared with Mr Albert A. Gore Jr., is testimony to the dedication and commitment of the thousands of 

scientists and experts who contributed to the Panel’s rigorous and comprehensive assessments of 

climate change research. The recently released IPCC Fourth Assessment Report is the special theme 

for this issue of World Climate News.

In 1976, WMO issued the first authoritative statement on the accumulation of carbon dioxide in the 

atmosphere and its potential impacts on the Earth’s climate. Subsequently, in 1979, WMO organized 

the First World Climate Conference, which led to the establishment of the World Climate Research 

Programme, originally jointly with the International Council for Science (ICSU) and later also with the 

Intergovernmental Oceanographic Commission (IOC) of UNESCO. 

WMO and UNEP created the IPCC in 1988 and continue to be its co-sponsors. Then, in 1990, WMO 

organized the Second World Climate Conference, which called for the establishment of a climate 

convention. This resulted, in 1992, in the development of the United Nations Framework Convention on 

Climate Change and the joint establishment of the Global Climate Observing System by WMO, UNEP, 

IOC of UNESCO and ICSU to ensure the availability of the systematic observations needed for climate 

change studies and the IPCC process. 

WMO has now started planning for World Climate Conference-3, to be held in 2009 with partner 

organizations. It will focus in particular on the needs of climate prediction for decision-making.

The IPCC reports are based on the assessment of peer-reviewed scientific, technical and socio-economic 

literature. They are written by multidisciplinary teams of recognized experts from a wide geographical 

background and diverse scientific perspectives. This expertise and the interdisciplinary nature and 

transparency of the reviewing process constitute some of the Panel’s strongest assets. They have 

enabled the IPCC to connect the different cultures and needs of the scientific and political worlds. 

(M. Jarraud) 
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The designations employed and the presentation of material in this 

publication do not imply the expression of any opinion whatsoever 

on the part of the Secretariat of the World Meteorological 

Organization concerning the legal status of any country, territory, 

city or area, or of its authorities, or concerning the delimitations 

of its frontiers or boundaries.
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The Intergovernmental Panel on Climate Change (IPCC) 

released its Fourth Assessment (AR4), Climate Change 2007, 

in 2007. Four separate reports were involved:

• The Physical Science Basis, report of Working Group I, 

assesses the current scientific knowledge of the natural 

and human drivers of climate change, observed changes 

in climate, the ability of science to attribute changes 

to different causes, and projections for future climate 

change;

• Impacts, Adaptation and Vulnerability, report of Working 

Group II, analyses how climate change is affecting natural 

and human systems, what the impacts will be in the future 

and how far adaptation and mitigation can reduce these 

impacts;

• Mitigation Options, report of Working Group III, analyses 

mitigation options for the main sectors in the near term, 

addresses cross-sectorial matters such as synergies, 

co-benefits and trade-offs, and provides information on 

long-term mitigation strategies for various concentration 

stabilization levels; and

• The Synthesis Report, released in November 2007, covers 

key findings of all three Working Groups. This article provides highlights from AR4 and concentrates 

on the changes that have occurred since the IPCC Third 

Assessment Report (TAR).

Observed changes and their causes
Progress in understanding how climate is changing in 

space and time has been gained through improvements 

and extensions of numerous datasets and data analyses, 

broader geographical coverage, better understanding 

of uncertainties and a wider variety of measurements. 

Increasingly comprehensive observations are available for 

glaciers and snow cover since the 1960s and for sea-level 

and ice sheets since about the past decade. However, data 

coverage remains limited in some regions.  

• Warming of the climate system is now unequivocal (see 

figure, left). 

•  Eleven of the past 12 years (1995–2006) rank among 

the 12 warmest years since 1850. The total temperature 

increase from 1850–1899 to 2001–2005 is 0.76°C (0.57°C 

to 0.95°C). 

• The average temperature of the global ocean has increased 

to depths of at least 3 000 m and the ocean has been 

absorbing more than 80 per cent of the heat added to 

the climate system. Such warming causes sea water to 

expand, contributing to sea-level rise.

•  New data show that losses from the ice sheets of Greenland 

and the Antarctic very likely contributed to sea-level rise 

during 1993-2003. 

Highlights from the IPCC Fourth Assessment Report

AR4 terminology 

Very high confidence  At least a 9 out of  
 10 chance of being correct 

High confidence  About an 8 out of 10 chance 

Medium confidence  About a 5 out of 10 chance 

Low confidence  About a 2 out of 10 chance 

Very low confidence  Less than a 1 out of 10   
 chance 

 

Virtually certain  >99% probability of   
 occurrence 

Very likely  90 to 99% probability 

Likely  66 to 90% probability 

About as likely as not  33 to 66% probability 

Unlikely  10 to 33% probability 

Very unlikely  1 to 10% probability 

Exceptionally unlikely  <1% probability

(a) Global average surface temperature

(b) Global average sea level

(c) Northern Hemisphere snow cover

Observed changes in global average surface temperature and sea- 
level from tide gauge (blue) and satellite (red) data and northern 
hemisphere snow cover for March-April. All changes are relative 
to corresponding averages for the period 1961-1990. Smoothed 
curves represent decadal average values, while circles show yearly 
values. The shaded areas are the uncertainty intervals.
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•  Global average sea-level rose at an average rate of 

1.8 (1.3 to 2.3) mm per year over 1961 to 2003. The rate 

was faster over 1993 to 2003—about 3.1 (2.4 to 3.8) mm 

per year. 

At continental, regional and ocean basin scales, there have 

been changes in Arctic temperatures and ice, precipitation 

amounts, ocean salinity, wind patterns and aspects of 

extreme weather, including droughts, heavy precipitation, 

heat waves and the intensity of tropical cyclones.

• Satellite data since 1978 show that annual average Arctic 

sea-ice extent has shrunk by 2.7 (2.1-3.3) per cent per 

decade, with larger decreases in summer of 7.4 (5.0-9.8) per 

cent per decade. 

• Temperatures at the top of the permafrost layer in the Arctic 

have increased since the 1980s by up to 3°C. The maximum 

area covered by seasonally frozen ground has decreased 

by about 7 per cent in the northern hemisphere since 1900, 

with a decrease in spring of up to 15 per cent.  

• Significantly increased precipitation has been observed 

in eastern parts of North and South America, northern 

Europe and northern and central Asia. Drying has been 

observed in the Sahel, the Mediterranean, southern Africa 

and parts of southern Asia. 

Projected climate change and its impacts
A major advance of this assessment is the large number 

of simulations available from a broader range of models. 

Together with additional information from observations, these 

provide a quantitative basis for estimating many aspects of 

future climate change. For the next two decades, a warming 

of about 0.2°C per decade is projected for a range of emission 

scenarios. Even if the concentrations of all greenhouse gases 

and aerosols had been kept constant at year-2000 levels, a 

further warming of about 

0.1°C per decade would 

be expected, due mainly 

to the slow response of 

the oceans. About twice 

as much warming (0.2°C 

per decade) would be 

expected if emissions 

are within the range of 

the scenarios used in IPCC 

assessments.

There is now higher 

confidence in projected 

patterns of warming and 

other regional-scale features, including changes in wind 

patterns, precipitation, and some aspects of extremes and 

of sea ice. Projected regional-scale changes include: 

• Contraction of snow cover area, increases in thaw depth 

over most permafrost regions, and decrease in sea-ice 

extent; in some projections, Arctic late-summer sea 

ice disappears almost entirely by the latter part of the 

21st century;

• A “very likely” increase in frequency of heat extremes, 

heat waves and heavy precipitation;

• Likely increase in tropical cyclone intensity; 

• Polewards shift of extra-tropical storm tracks with 

consequent changes in wind, precipitation and temperature 

patterns; and

•   Very likely precipitation increases in high latitudes and 

likely decreases in most sub-tropical land regions.

Examples of projected impacts that, even with adaptation, 

appear unavoidable, include increases in: 

• Coral bleaching;

• Species range shifts; 

• Water scarcity and drought risk in some regions of the 

dry tropics and sub-tropics; 

• Risk of wildfire; and

• Coastal damage from floods combined with sea-level 

rise. 

Since the Third Assessment Report, confidence has increased 

that some weather events and extremes will become more 

frequent, more widespread and/or more intense during 

the 21st century. The projected changes in extremes are 

expected to have mostly adverse effects on natural and 

human systems. Systems particularly affected include:

F-gases

CO2 from fossil fuel use and other sources

CH4 from agriculture, waste and energy

CO2 from deforestation, decay and peat

N2O from agriculture and others

G
tC

O
2-

eq
 / 

yr

28.7

35.6
39.4

44.7
49.0

Global anthropogenic emissions: (a) global emissions of principal 
anthropogenic greenhouse gases (GHGs), 1970-2004; (b) share 
of different anthropogenic GHGs in total emissions in 2004 in 
carbon dioxide equivalent; and (c) share of different sectors in 
total anthropogenic GHG emissions in 2004 in carbon dioxide 
equivalent (forestry includes deforestation)



• Terrestrial : tundra, boreal forest, mountain and 

mediterranean-type ecosystems;

• Coastal: mangroves and salt marshes;

• Marine: coral reefs and sea-ice biomes; 

• Low-lying coastal regions;

• Water resources in the dry tropics and sub-tropics; 

• Agriculture in low-latitude regions; and

• Human health in areas with low adaptive capacity. 

Some regions are expected to be particularly affected: 

• The Arctic, because of the impacts of high rates of 

projected warming on natural systems;

• Africa, especially the sub-Saharan region, because of 

projected climate-change impacts and low adaptive 

capacity; 

• Small islands, due to high exposure of population and 

infrastructure to sea-level rise and increased storm 

surges; and

• Asian megadeltas, due to large populations and high 

exposure to sea-level rise, storm surge and river 

flooding. 

Contraction of the Greenland ice sheet is projected to 

continue to contribute to sea-level rise after 2100. Current 

models suggest virtually complete elimination of the 

Greenland ice sheet and a resulting contribution to sea-

level rise of about 7 m if global average warming were 

sustained for millennia in excess of 1.9-4.6°C relative to pre-

industrial values. The corresponding future temperatures 

in Greenland are comparable to those inferred for the last 

interglacial period 125 000 years ago, when paleoclimatic 

information suggests reductions of polar land-ice extent 

and a 4-6 m sea-level rise. Current global model studies 

project that the Antarctic ice sheet will remain too cold 

for widespread surface melting. 

The meridional overturning circulation of the Atlantic 

Ocean will very likely slow down during the 21st century 

but is very unlikely to undergo a large abrupt transition 

during the 21st century. 

Partial deglaciation of polar ice sheets would imply major 

changes in coastlines and inundation of low-lying areas, 

with greatest effects in river deltas and low-lying islands. 

Current models project that such changes would occur over 

millennial time scales, but rapid sea-level rise on century time 

scales cannot be excluded. Climate change is likely to lead 

to some irreversible impacts. There is medium confidence 

that approximately 20-30 per cent of species assessed so far 

would be at increasing risk of extinction if increases in global 

average warming exceed 1.5-2.5°C and high confidence of 

significant (more than 40 per cent) extinctions around the 

globe for warming above 4°C.

Adaptation and mitigation
Additional adaptation measures will be required to 

reduce the adverse impacts of projected climate change 

and variability. However, non-climate stresses (such as 

poverty, unequal access to resources, food insecurity, 

trends in economic globalization, conflict and incidence 

of diseases) can exacerbate vulnerability and reduce 

the capacity to respond to climate change. Some 

adaptation to climate change is already planned. There 

is high confidence that viable adaptation options can be 

implemented in some sectors at low cost and/or with 

high benefit-cost ratios. 

A range of barriers limits both the implementation and 

effectiveness of adaptation measures. Many societies 

have high adaptive capacity but remain vulnerable 

to climate change, variability and extremes. There 

is high agreement and much evidence that there is 

substantial economic potential for the mitigation of global 

greenhouse-gas emissions over the coming decades that 

could offset the projected growth of global emissions 

or reduce emissions below current levels. Future energy 

infrastructure investment decisions, expected to exceed 

US$ 20 trillion up to 2030, will have long-term impacts 

on greenhouse-gas emissions, because of the long 

lifetimes of energy plants and other capital stock. Initial 

estimates show that returning global energy-related 

carbon-dioxide emissions to 2005 levels by 2030 would 

require a large shift in investment patterns, although the 

net additional investment required ranges from negligible 

to 5-10 per cent. 

Many national policies and instruments are available 

to governments to create the incentives for mitigation 

action. They include integrating climate policies in wider 

development policies, regulations and standards, taxes and 

charges, tradable permits, financial incentives, voluntary 

agreements, information instruments and research, 

development and demonstration. There is high agreement 

and much evidence that mitigation actions can result in 

near-term co-benefits (such as improved health due to 

reduced air pollution) that may offset a substantial fraction 

of mitigation costs. 

Neither adaptation nor mitigation alone can avoid significant 

climate change impacts but they can complement each 

other and together can significantly reduce the risks of 

climate change. Adaptation is necessary in the short and 

longer term, even for the lowest stabilization scenarios 

assessed but there are significant barriers, limits and 

costs. Mitigation is necessary because unmitigated 

climate change would, in the long term, be likely to 

exceed the capacity of natural, managed and human 

systems to adapt. 
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IPCC’s Fourth Assessment detailed many 

impacts of potential climate change on 

global and regional agriculture, of which 

the most important are as follows:

• Increases in the frequency of droughts 

and floods are projected to affect local 

crop production negatively, especially 

in subsistence sectors at low latitudes;  

• Globally, the potential for food production 

is projected to increase with increases in 

local average temperature over a range 

of 1-3°C but, above this range, food 

production is projected to decrease; 

• At lower latitudes, especially in the 

seasonally dry and tropical regions, crop 

productivity is projected to decrease for 

even small local temperature increases 

(1-2°C), which would increase the risk of 

hunger;

• In many African regions, the area suitable 

for agriculture, the length of growing 

season and yield potential, particularly 

along the margins of semi-arid and arid 

areas, are expected to decrease.  In some 

countries, yields from rainfed agriculture 

could be reduced by up to 50 per cent by 

2020;

• Crop productivity is projected to increase 

slightly at mid- to high latitudes for local 

mean temperature increases of up to 

1-3°C, depending on the crop, and then 

decrease beyond that in some regions; 

• Warmer and more frequent hot days 

and nights are likely to increase insect 

outbreaks with effects on agriculture, 

forestry and ecosystems;

• Adaptations such as altered cultivars and 

planting times allow low- and mid-to-high-

latitude cereal yields to be maintained 

at or above baseline yields for modest 

warming; 

• In North America and Europe, major 

challenges are projected for crops that 

are near the warm end of their suitable 

range or depend on highly utilized water 

resources.

Implications of AR4  
for global agriculture

How the south-west 
Pacific prepared for 
AR4

At the fourteenth session 
of WMO’s Regional 
Association V (South-
West Pacific),  Members 
supported the concept 
of outreach activities at 
which appropriate lead 
authors of IPCC chapters 
would join with experts 
from countries within the 
region to outline relevant 
results from the IPCC 
Fourth Assessment Report 
(AR4), discuss other 
climate change work in 
the region, and examine 
implications for adaptation 
to and mitigation of climate 
change.  David Wratt 
(New Zealand) organized 
this outreach through 
e-mail correspondence 
and a teleconference with 
SOPAC, SPREP, Australian 
Bureau of Meteorology 
and New Zealand National 
Institute for Water and 
Atmospheric Research.  
Subsequently meetings 
were held in:

• February 2007, meeting 
on Adaptation, Rarotonga, 
Cook Islands;
• May 2007, meeting 
at Victoria University 
Wellington, New Zealand;
• June 2007, meeting at 
the University of the South 
Pacific, Suva, Fiji;
• June 2007, IPCC TGICA 
Expert Meeting, Nadi, Fiji;
• July 2007, SPREP 
Regional Meteorological 
Services Directors 
Meeting, Rarotonga, Cook 
Islands; and
• September 2007, IPCC 
Workshops in Jakarta, 
Indonesia, and Funafuti, 

Floods in Bolivia, washed away crops. 
Increased floods and droughts resulting 
from climate change are likely to affect the 
subsistence economy in particular.

Photo: Denis Wirrmann (IRD)

How the South-
West Pacific  
prepared for AR4

At the 14th session of 
WMO’s Regional Asso-
ciation V (South-West 
Pacific),  Members sup-
ported the concept of 
outreach activities at which 
appropriate lead authors of 
IPCC chapters would join 
with experts from countries 
within the Region to outline 
relevant results from AR4, 
discuss other climate 
change work in the Region 
and examine implications 
for adaptation to, and 
mitigation of, climate 
change.  David Wratt 
(New Zealand) organized 
this outreach with the 
Pacific Islands Applied 
Geoscience Commission, 
the South Pacific Regional 
Environment Programme 
(SPREP), the Australian 
Bureau of Meteorology and 
the New Zealand National 
Institute for Water and 
Atmospheric Research.  
Other meetings were held 
in:

•  Rarotonga, Cook Islands 
(February)

•  Victoria University 
Wellington, New 
Zealand (May)

•  University of the South 
Pacific, Suva, Fiji (June)

•  Nadi, Fiji (IPCC TGICA 
Expert Meeting) (June)

•  Rarotonga, Cook Islands 
(SPREP Regional Meteo-
rological Services 
Directors Meeting) 
(July)

•  Jakarta, Indonesia, 
and Funafuti, Tuvalu 
(IPCC Workshops) 
(September) 
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A new United Nations Internet site, “Gateway to the UN 

System’s Work on Climate Change”, that highlights the 

wide-ranging work of the various parts of the United Nations 

system on climate change, has recently been launched.  

The new Website (http://www.un.org/climatechange) 

makes it easier for Internet users to find information on 

climate change from across the United Nations system. 

WMO helped develop the site.

The new gateway provides easy access to the most up-to-

date science on climate change,  the latest developments 

on efforts to reach a new international climate change 

agreement, news, information on future climate change 

events, projects in the field and climate change updates 

for youth.  

“WCRP research programmes have provided 
invaluable input to all the IPCC Assessments. 
IPCC Assessments in turn have provided 
essential guidance and inspiration for the 
development of WCRP programmes.”

Sir John Houghton, Co-Chair IPCC WG I 
Assessments FAR, SAR and TAR, past Chair 
WCRP Joint Scientific Committee

“WCRP is becoming the think-tank for the 
IPCC process, and IPCC the sole agency for 
an authentic voice.”

G.B. Pant, past Member, WCRP Joint 
Scientific Committee, Reviewer to AR4

Gateway to climate change

“WCRP serves an irreplaceable role for coor-
dination within the science community, which 
in turn is invaluable to the IPCC.”

S. Solomon, Co-Chair to IPCC WGI AR4, past 
Member WCRP Joint Scientific Committee, 
Contributing IPCC Author“WCRP’s research in advancing the frontiers 

of climate science has been a bed-rock of 
credible information for the climate change 
science assessments of the IPCC.”

V. Ramaswamy, Vice-Chair WCRP Joint Scientific 
Committee, Reviewer and Contributing Author to 
TAR, Coordinating Lead Author of AR4
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The World Climate Research Programme (WCRP), as the 

premier body for promoting, facilitating and coordinating 

international climate research, has contributed significantly 

to all four IPCC assessment reports. 

A notable milestone in the Fourth Assessment Report was the 

creation of an archive of models’ simulations of the climate 

from pre-industrial times to 2100, performed as an outcome 

of WCRP activities. This CMIP3 archive, managed by the 

Program for Climate Model Diagnosis and Intercomparison 

(PCMDI) under the auspices of the US Department of Energy’s 

Office of Science, is open to researchers worldwide. The 

number of CMIP3-derived papers to date, several of which 

formed the core conclusions of AR4, is astonishing. 

Scientific rigour has raised our understanding of climate change 

and anthropogenic influences on climate to higher planes

of confidence. The joint International Geosphere-Biosphere  

 

 

 

 

 

 

 

 

Programme/WCRP Coupled Carbon Cycle Climate Model 

Intercomparison Project (C4MIP), for example, provided 

clues to the worrying positive carbon feedback with global 

warming. 

WCRP activities, including the scientists associated with 

these activities, contributed significantly to the scientific 

basis for the landmark findings in the AR4. WCRP scientists 

were involved as coordinating, lead and contributing authors 

and reviewers of the Working Group I report. Almost half of 

the contributors were WCRP-associated scientists, as were 

more than 90 per cent of the coordinating authors and some 

70 per cent of the reviewers. The majority of researchers 

within the contributing global WCRP community were climate 

modellers, diagnosticians and cryospheric scientists. 

Read full article:  WCRP Annual Report 2006-2007 (http://www.wmo.int/pages/prog/
wcrp/documents/WCRP_AnnualReport2006-07_web.pdf, p. 9-16)

WCRP providing the science for climate change solutions



In recent decades, the frequency of hazardous meteorological 

phenomena in the South Caucasus (Armenia, Azerbaijan, 

Georgia) has increased significantly. For this reason, the 

World Bank has financed climate change studies of the region, 

including impacts and vulnerability assessment, which have 

been carried out by Armstatehydromet in Armenia, jointly 

with the United Kingdom Hadley Centre.  

Armenia has been warming over recent decades, while 

precipitation has been decreasing compared to the base 

period of 1961-1990. During 1934-2004 there was an overall 

increase of annual air temperature of  0.4°C and a 6 per cent 

reduction in precipitation. These changes vary from region 

to region and from season to season. Persistent positive 

anomalies of summer temperature have been reported over 

the past 12 years (except 2003), and the summer of 2006 was 

the warmest in Armenia since 1934 (see figure above). 

An assessment of future climate change was made using 

HadRM3P model simulation output data for the basic 1961-

1990 period and future projections of climate (2071-2100) for 

the A2 emission scenario over the South Caucasus region. 

This suggests that the region in and around Armenia will 

be about 3-5°C warmer than the baseline climate, that the 

areas of cooling in winter and spring will greatly reduce and 

that temperatures in the southern part of the region will 

exceed 40°C in summer. Mean summer temperatures would 

rise from 24-26°C to 30-35°C. It also suggests that, in some 

seasons, there will be a significant reduction in precipitation. 

During spring and summer, over the entire Caucasus region, 

Turkey and the Black Sea, precipitation could reduce by 0.5-

0.6 mm/day. Drought intensity and frequency could increase 

accordingly. In autumn and winter, precipitation increases are 

predicted, particularly in some coastal areas of the Caspian 

and Black Seas, which could reach 1.5-2 mm/day. Seasonal 

variability over land will increase.

As a result, total annual river flow will decrease by 15-20 per 

cent but there will be wide variations within the region, 

including significant increases in some areas. Thus, the 

frequency and intensity of hazardous climate events such 

as floods and droughts will increase, as will the risk of 

natural disasters. In the South Caucasus, desertification 

is expected to accelerate due to the shortage of water and 

temperature increase. 

These changes would have both positive and negative 

impacts on agriculture. Negative effects include larger areas 

affected by drought, with related crop losses,  intensification 

of soil salinity and creation of favourable conditions for 

the spread of crop diseases and vermin. Positive impacts 

include expansion of the area under drought-resistant plants, 

multi-cropping, and increase of livestock productivity. The 

reduction of water resources in some regions would have 

an adverse impact on irrigated agriculture and measures 

to improve the irrigation system and reduce water losses 

would be especially important. Overall, a wide range of 

adaptation measures needs to be implemented to mitigate 

the impacts and to reduce adverse consequences of climate 

change in the vulnerable sectors of economy of the countries 

at the region. 

Source: Anahit Hovsepyan, Armenian State Hydrometeorological and Monitoring Service, 
Yerevan, Armenia

A climate change scenario for the South Caucasus

Anomalies of summer temperatures (°C) over Armenia with respect 
to 1961-1990 mean
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The WMO Information System 

(WIS) brings together all 

information systems used 

by WMO programmes for 

managing and sharing data 

and produc ts .  The WIS 

inc ludes WMO’s Global 

Telecommunication System, 

the Integrated Global Satellite 

Data Distribution System and 

the Internet. Discovery, access 

and retrieval (DAR) of information are facilitated by central catalogues that are replicated 

in the Global Information System Centres (GISC). The majority of the information will 

reside in National Centres (NCs) and Data Collection or Product Centres (DCPCs). WIS also 

allows for related World Data or Specialist Centres, as shown in the boxes surrounding 

the WIS cloud, to connect into WIS as a DCPC or an NC and to publish their metadata in 

the GISC catalogues allowing them to be a part of the WIS DAR. 

Arctic ozone during 
the 2006/2007 
winter

As a result of relatively low 
stratospheric temperatures 
in the winter of 2006/2007 
at altitudes around 18 km, 
ozone levels over the Arctic 
and the northern mid-
latitudes were 15-20 per 
cent below the pre-1988 
mean. During December 
2006, very low ozone 
values were observed over 
northern Europe but these 
returned to normal over the 
next two months. There 
was an ozone decline of up 
to 25 per cent over Alaska 
in February 2007. During 
late March, ozone values 
20-25 per cent below the 
long-term mean were 
observed over central 
Siberia and transferred 
over eastern Siberia until 
the end of April. Total ozone 
values over Central and 
North America were, for 
the most part, close to the 
long-term mean. The winter 
of 2006/2007 was also 
characterized by positive 
ozone deviations—
sometimes greater than 
20 per cent—over the 
Atlantic Ocean. 

Statistics based on maps compiled by 
the WMO Northern Hemisphere Ozone 
Mapping Centre based on preliminary 
Dobson, Brewer, SAOZ and M-124 ground-
based data and OMI-TOMS and assimilated 
SCIAMACHY data (TOSOMI). The Mapping 
Centre is hosted by the Laboratory of 
Atmospheric Physics, Aristotle University 
of Thessaloniki (see http://lap.physics.
auth.gr/ozonemaps2/).

Authors : Dimi t r is Bal is and Geir 
Braathen
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Real-time “push”

On-demand “pull”

Climate models used for climate change projections are on the threshold of including

much greater biological and chemical detail than previous models. Today, standard 

climate models (referred to generically as atmosphere-ocean general circulation models, 

or AOGCMs) include components that simulate the coupled atmosphere, ocean, land and 

sea ice. Some modelling centres are now incorporating carbon cycle models in a move 

toward an Earth system model (ESM) capability. Additional candidate components to 

include in ESMs are aerosols, chemistry, ice sheets and dynamic vegetation.

A strategy for using climate system models as part of a coupled biophysical-climate and 

integrated model assessment approach is to develop a next-generation experimental 

design that follows on from the scenario approach, where concentrations and their 

derived emissions based on story lines were used in the development of the IPCC Third 

and Fourth Assessment Reports. Recent developments in climate system models that 

can shed light on greenhouse gas emissions scenarios were specifically addressed. 

The modelling groups of the World Climate Research Programme (WCRP) and the 

International Geosphere-Biosphere Programme are now making decisions as to what form 

their next-generation climate models will take with the consideration of how new climate 

change experiments may be evaluated in any future IPCC assessment. The experiments 

proposed regarding stabilization scenarios warrant community experiments to address 

this issue, even if there is not another IPCC assessment. Additionally, new emissions 

scenarios developed by the integrated assessment community reflect recommendations 

of the 25th IPCC session (Mauritius, April 2006). These advances in both the climate 

modelling and scenarios communities provide an opportunity for increased communication 

and collaboration that could recommend plausible action towards assessing human 

mitigation of the changing climate. The next-generation climate change stabilization 

experiments are outlined in the Aspen White Paper (WCRP Informal Report No. 3/2007, 

http://www.wmo.int/pages/prog/wcrp/documents/Aspen_WhitePaper_1final_000.pdf).

Author: Kathy Hibbard, NCAR Boulder, Colorado, USA

Climate models: the next generation

The WMO Information System
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Implications of AR4 for disaster risk
According to the AR4, it is virtually certain that, in the remainder of the 21st century, there will be 

more hot days and nights and fewer cold ones over most land areas. Increases in the intensity 

and frequency of warm spells/heat waves and heavy precipitation events will be “very likely” 

along with likely increases in areas affected by drought. Additionally, increases in intense 

tropical cyclone activity and higher-than-normal tides and storm surges are expected. 

All this points to an immediate need for enhanced disaster-risk management capacities. 

A fundamental requirement for development of these capacities is the availability of 

historical and real-time systematic and consistent observations of hydrometeorological 

parameters, complemented with other forecast products providing information on 

expected patterns of hazards from the next hour to longer time frames.

Risk reduction involves short-, medium- and long-term sectoral planning, early warning 

systems, emergency preparedness mechanisms and education and training at all levels to 

shift the existing focus  on post-disaster response to one on prevention and preparedness. 

While the number of disasters and related economic losses have increased steadily over 

the past five decades, the loss of life associated with hydrometeorological disasters has 

decreased by a factor of ten.  This has been attributed primarily to the development of 

effective early warning systems, combined with emergency preparedness and response 

planning. These are essential to reduce the risks associated with climate change.

Kyoto and Montreal

The 1987 Montreal Protocol 
on Substances that Deplete 
the Ozone Layer is a prime 
example of how science 
can influence policy. 
Warnings from scientists 
and the annual appearance 
of the Antarctic ozone hole 
led to a rapid phase-out of 
chlorofluorocarbons (CFCs) 
and halons in industrialized 
countries. These actions 
saved the ozone layer from 
a serious thinning which 
would have increased the 
incidence of diseases such 
as skin cancer and eye 
cataracts. 

CFCs and halons are 
also potent greenhouse 
gases. This means that 
the Montreal Protocol has 
also reduced the amount 
of greenhouse gases in the 
atmosphere and helped 
protect the climate. An 
article published earlier 
this year (http://www.
pnas.org/cgi/content/
abstract/104/12/4814) 
shows that the climate 
protection achieved under 
the Montreal Protocol is 
about five times larger than 
the reduction target of the 
first commitment period 
of the Kyoto Protocol 
(2008-2012). At the last 
Meeting of the Parties to 
the Montreal Protocol, 
it was decided that 
hydrochlorofluorocarbons 
(HCFCs) would be phased 
out significantly faster than 
originally required. This will 
reduce levels of HCFCs in 
the atmosphere by about 
50 per cent and will benefit 
both the ozone layer and 
the climate.

WMO’s leading role in the coordination of international climate issues dates back to 

1929, when the International Meteorological Organization established the Commission 

for Climatology (CCl). It was in 1976 that WMO issued the first authoritative statement 

on the accumulation of carbon dioxide in the atmosphere and its potential impacts on 

climate. As a result, in 1988, WMO and the United Nations Environment Programme 

(UNEP) jointly established the Intergovernmental Panel on Climate Change (IPCC), 

which has provided regular assessments of climate science and the potential impacts 

of climate change and policy options, including mitigation and adaptation to climate 

variability and change. Furthermore, WMO, in cooperation with UNEP, UNESCO and 

its Intergovernmental Oceanographic Commission (IOC) and the International Council 

for Science established the Global Climate Observing System to ensure systematic 

observations for climate change studies. 

Scientific evidence strongly suggests that the consequences of climate change are grave 

and have an adverse effect on societies, particularly in developing countries. It is therefore 

essential that decision-makers are able to formulate their policies based on the latest unbiased, 

scientific data such as are provided by WMO and its Members’ National Meteorological 

and Hydrological Services. WMO’s joint programmes such as the World Climate Research 

Programme play a crucial role in reducing uncertainties, particularly in the determination 

of the rate of climate change, impacts on regional scales where society and environment 

are most vulnerable and the occurrence of extremes and sea-level rise.

As far as scientific assessment of climate change is concerned, WMO provides active 

support through a vast reservoir of expertise and knowledge among its Member States, 

programmes, technical commissions and partner institutions and organizations. This pool 

of expertise and knowledge enables WMO and its partner organizations to play a vital role 

in the implementation of the world conventions on climate change and environment. 
Further information: http://www.wmo.int/pages/prog/wcp/cca/documents/cca1-concept.paper.pdf

WMO’s role in climate change assessment
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A research programme in Morocco’s Centre national de 

recherches météorologiques is quantifying the extent of 

climate change in the country. Some 27 parameters related  

to temperature and precipitation have been investigated for 

the period 1960-2005. The study used data on daily rainfall 

and maximum and minimum temperatures recorded by 

14 meteorological stations. 

The study shows that, at the national level, the annual number 

of cool days (those with a maximum temperature of less 

than 15°C) has been decreasing, with the annual total of 

cool days falling at an average rate of 0.569 days per year, 

giving a total of 25 fewer cool days over the 45-year period 

studied (upper graph). The annual number of hot days (those 

with a maximum more than 35°C) also increased but the 

increase was not statistically significant.

A study of heat waves and “cold waves” showed similar 

results: the number of cold waves has decreased by a 

total of 11 days over the 45 years; the annual number of 

heat waves has been increasing but not in a statistically 

significant manner. 

The number of consecutive days of drought (those with 

rainfall of less than 1 mm) was found to be increasing during 

the rainy season, significantly so during the end of the rainy 

season (February-April, lower graph). Periods of heavy 

precipitation were also found to be decreasing.

Source: based on a contribution from Fatima Driouech, Centre national de recherches 
météorologiques, Direction de la météorologie nationale, Casablanca, Morocco

Charting climate change in Morocco

Graphs above chart the decline in the number of cool days and 
the increase in number of dry periods in Morocco since the 1960s. 
Red lines show the data recorded at 14 meteorological stations 
and the black lines the overall trend.

Learning from the findings of the IPCC’s AR4 to design future 

strategies for climate change research and observations 

was the key objective of a workshop organized jointly by 

the Global Climate Observing System, the World Climate 

Research Programme and the International Geosphere-

Biosphere Programme in Sydney, Australia, 4-6 October 

2007. 

Some 66 key IPCC authors and other experts associated with 

the three international programmes discussed ways to design 

future observing systems and to define climate change 

research requirements, based on gaps and uncertainties 

identified by IPCC Working Group I (The Physical Science 

Basis) and IPCC Working Group II (Impacts, Adaptation and 

Vulnerability) in their latest assessment.

The Workshop looked at the most critical gaps in basic science, 

and deficiencies in the way information and prediction of 

climate change can be used for the assessment of impacts, 

adaptation and vulnerability, particularly on a regional scale. 

Two of the priority items which currently limit our confidence 

in projections of climate change are poor understanding of 

ice-sheet behaviour and its implications for sea-level rise 

and gaps in knowledge of the hydrological cycle. 

The Workshop also made suggestions on the research needed 

to improve quantification of regional climate change impacts, 

for example by more rigorous validation of regional models 

with observations of climate variables. Better connections 

and consistency between global circulation and regional 

models were also identified as areas of necessary action. 

Learning from IPCC’s AR4
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The temperature conditions in the Antarctic 

stratosphere in winter 2007 have been close 

to the average of the 1979-2006 time period 

and hence significantly warmer than in 2006 

and other recent cold winters. This has led 

to a smaller amount of polar stratospheric 

clouds than in many recent years. 

In 2007, the area where the total ozone column 

is less than 220 Dobson Units, reached 

a maximum of nearly 25 million square 

kilometres in mid-September. In comparison, 

the ozone hole covered more than 29 million 

square kilometres in the record years of 

2000 and 2006. The ozone mass deficit 

reached a maximum of 28 megatonnes on 

23 September 2007, compared to more than 

40 megatonnes in the beginning of October 

2006, which was a record year. Since 1998, 

only 2002 and 2004 have experienced less 

ozone loss than in 2007.

The relatively modest ozone loss in 2007 

is related to the temperature conditions 

in the stratosphere. Although minimum 

temperatures have been quite similar to 

those of 2006, the average temperature in 

the 60-90°S region has been warmer and the 

area cold enough for the existence of polar 

stratospheric clouds has been smaller than 

in 2006. There are still more than enough 

halogens present in the stratosphere to 

cause total destruction of ozone in the 14-

21 km altitude range. The severity of the 

ozone hole will depend on meteorological 

conditions for the next decade or two.
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Antarctic ozone in 2007

The area where the total ozone column is 
less than 220 Dobson Units (also called the 
ozone hole area) for the years 1998-2007. The 
data are produced by the Royal Netherlands 
Meteorological Institute based on data from the 
satellite instruments GOME (on board ERS-2) 
and SCIAMACHY (on board Envisat).  
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