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ABSTRACT—

D.H. LEVINSON AND J. H. LAWRIMORE

The combined land and ocean surface temperature
in 2007 fell within the 10 highest on record, while the
average land temperature was the warmest since global
records began in 1880. In the low to midtroposphere,
the annual global mean temperature was among the five
warmest since reliable global records began in 1958, but
still cooler than the record warmest year of 1998. For the
fourth consecutive year, the annual precipitation averaged
over global land surfaces was above the long-term mean,
although the anomaly was significantly less than in 2006
when the annual value was the eighth wettest since 1901.

The globally averaged concentration of carbon dioxide
(CO,) continued to increase in 2007, having risen to
382.7 ppm at the Mauna Loa Observatory in Hawaii.

The average rate of rise of CO, has been 1.6 ppm yr'
since 1980; however, since 2000 this has increased to

1.9 ppm yr'. In addition, both methane (CH,) and carbon
monoxide (CO) concentrations were also higher in 2007.

Over the oceans, global SST during 2007 showed
significant departures from the 1971-2000 climatology.
Annual average upper-ocean heat content anomalies de-
clined between 2006 and 2007 in the eastern equatorial
Pacific and increased in off-equatorial bands in that ocean
basin. These changes were consistent with the transition
from an El Nifio in 2006 to a La Nifia in 2007. The global
mean sea level anomaly (SLA) in 2007 was 1.1 mm higher
than in 2006, which is about one standard deviation be-
low what would be expected from the 15-yr trend value
of 3.4 mmyr™.

In the tropics, the Atlantic hurricane season was near
normal in 2007, although slightly more active than in
2006. In the north and south Indian Ocean Basins, both
the seasonal totals and intensity of tropical cyclones
(TC) were significantly above average, and included two
Saffir-Simpson category 5 TCs in the north Indian Ocean
and a world record rainfall amount of 5510 mm over a
3-8-day period on the island of Reunion in the south
Indian Ocean.

In the polar regions 2007 was the warmest on record
for the Arctic, and continued a general, Arctic-wide
warming trend that began in the mid-1960s. An unusually
strong high pressure region in the Beaufort Sea during
summer contributed to a record minimum Arctic sea ice
cover in September. Measurements of the mass balance
of glaciers and ice caps indicate that in most of the world,
glaciers are shrinking in mass. The Greenland ice sheet
experienced records in both the duration and extent of
the summer surface melt. From the continental scale, as
a whole the Antarctic was warmer than average in 2007,
although the Antarctic Peninsula was considerably cooler
than average. The size of the ozone hole was below the
record levels of 2006, and near the average of the past
15 yr, due to warmer springtime temperatures in the
Antarctic stratosphere.
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1. INTRODUCTION—IJ. H. Lawrimore and D. H. Levinson
This special section represents the 18th annual
State of the Climate report, the 12th year the report
has been included in BAMS, and the third year it has
appeared as a separate supplement. NOAA’s NCDC
(see the appendix for a complete list of acronym ex-
pansions) has been responsible for the report’s pub-
lication for the past eight years, although the report
is truly an interagency and international effort. For
the 2007 article, over 200 scientists from around the
world participated, as the editorial team continued to
focus on expanding international participation.

The purpose of this annual summary is to high-
light the most salient events and overall climate con-
ditions of 2007, which include noteworthy weather
events (e.g., floods, tropical cyclones, tornadoes, and
heat waves), assessment of temperature and precipita-
tion anomalies, and reports on some of the primary
features and parameters of the global climate system:
global temperature and precipitation, trace gases in
the Earth’s atmosphere, climate conditions in the
ocean basins, climate-related conditions in the tropics
and polar regions, details of continental and regional
climates, etc.

One of the main goals of this and past State of the
Climate articles has been to put the observed climate
and weather events over the previous year into his-
torical perspective, with a focus on long-term trends
and variability of the primary climatic elements over
the period of instrumental observations (since the
late 1800s), and, if possible, to extend back in time
through the use of paleoclimate data. Due to the large
number of data sources, it was impossible to refer to
a standard base period for each climatic element in
the article. Therefore, the base period for each dataset
varied according to scientific convention, and those
noted for each dataset herein were chosen by the au-
thors and contributors based on a number of practical
and scientific factors. It should also be noted that the
data and analyses contained herein represent the best
available as of early 2008; the data included in each
section are susceptible to updates by the source agen-
cies, although it is not expected that any key findings
would be significantly affected.

As in the past, a determined effort was made to
ensure that all participants were acknowledged for
their efforts. Therefore, authorship has been noted
for individual sections where appropriate. In addition
to authors, numerous reviewers and other facilitators
made this publication possible, and these individuals
are also listed in the acknowledgments section.



As with each subsequent State of the Climate
report, new topics and special features have been in-
corporated. For 2007, a section on the Indian Ocean
dipole was added in the tropics chapter, analysis of
conditions on the Greenland ice sheet was greatly
expanded, and a number of sidebar features were in-
cluded to highlight specific events and climate-related
milestones that occurred in 2007. Also new this year
is the inclusion of a number of new countries in the
chapter 6, including Belize, Jamaica, and Puerto Rico
in the Central America/Caribbean section; Japan,
South Korea, and Mongolia in the East Asia section;
Micronesia in the Oceania section; and Egypt in the
Africa section. In addition, the section on Europe was
expanded and includes a much wider participation of
scientists from that continent.

The following is a summary of the report’s five
main sections:

Section 2: Global climate

+ The global land and ocean combined surface
temperature for 2007 fell within the 10 highest on
record, while the average land temperature was the
warmest since global records began in 1880, with
an annual departure of +0.64°C (+1.15°F).

+ Theannual global mean temperature in the low to
midtroposphere was among the five warmest since
records began in 1958, ~0.2°C (~0.36°F) cooler
than the warmest year of 1998.

« The 12-month running mean of Northern Hemi-
sphere snow cover extent was below the long-term
average throughout 2007. Overall, there had been
no negative annual anomaly of snow cover extent
for the Northern Hemisphere as large as the one at
the end of 2007 since the record lows of the satellite
era were observed between 1988 and 1990.

« For the fourth consecutive year, the annual pre-
cipitation averaged over global land surfaces was
above the long-term mean, although the anomaly
was significantly less than in 2006 when the an-
nual value was the eighth wettest since 1901. Since
the start of the twentieth century land-based pre-
cipitation has increased globally, with the greatest
increases in the mid- and high latitudes of the
Northern Hemisphere.

+ The globally averaged concentration of CO,
continued to increase in 2007, having risen to
382.7 ppm at the Mauna Loa Observatory in Ha-
waii. This represents an increase of ~1.8 ppm above
the 2006 global annual mean (380.9 ppm). The
atmospheric concentration was around 280 ppm
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prior to the Industrial Revolution (ca 1850).

+ Both CH, and CO concentrations were also higher
in 2007.

+ Theaveragerate of rise of CO, has been 1.6 ppm yr~!
since 1980; however, since 2000 this has increased
to 1.9 ppm yr~L. This suggests that the fraction
of CO, emitted from sources that remain in the
atmosphere may be increasing.

o The 2006 elevated aerosol levels seen at the far
northern latitudes or around Indonesia were
absent in 2007, and smoke from biomass burning
over the Amazon basin, an indication of regional
deforestation, exhibited levels that were in agree-
ment with the increasing aerosol trend observed
from 2000 through 2005.

o Inthe Southern Ocean, above average wind speeds
in March through August suggested an atypically
strong surface manifestation of the polar vortex
during the austral winter (June-August).

Section 3: Global oceans

o Global SST during 2007 showed significant
departures from the 1971-2000 climatology
in four regions: a positive anomaly in the high
latitude North Atlantic that has persisted since
2002 continued into 2007; positive anomalies that
have occurred each boreal summer since 2002 in
the Arctic Ocean adjacent to the North Pacific
reached their highest value of about 2.5°C in 2007;
the positive anomaly in the tropical North Atlantic,
which has had a downward trend from its highest
value in 2005, returned to near-normal conditions
in the summer of 2007; and positive anomalies in
the central and eastern equatorial Pacific associated
with the 2006 El Nifo ended in February, and a
moderate-strength La Nifia developed in the fall.

« Annual average upper-ocean heat content anoma-
lies declined between 2006 and 2007 in the eastern
equatorial Pacific and increased in off-equatorial
bands in that ocean basin. These changes were
consistent with the transition from an El Nifio in
2006 to a La Nifia in 2007.

o Ocean heat fluxes demonstrated a coherent pattern
of change in the tropical Pacific, in response to the
east-west SST pattern of the 2007 La Nifa epi-
sode. Evaporation decreased over the cooler SST
region in the eastern Pacific and increased over
the warmer SST region in the western Pacific.

o The tropical cyclone heat potential, a parameter
proportional to the upper-ocean heat content that
is linked to hurricane intensification, exhibited

JuLy 2008 BAS | S11



high variability within each ocean basin. On av-
erage, all basins, except the eastern Pacific basin,
showed areas of positive anomalies, with the larg-
est anomalies in the west Pacific.

Global sea surface salinity anomalies in 2007 con-
tinued to accentuate climatological patterns; fresh
areas of the ocean have generally become fresher
and salty areas have generally become saltier in
recent years relative to a long-term climatology.
The global mean SLA in 2007 was 1.1 mm higher
than in 2006, which is about one standard devia-
tion below what would be expected from the 15-yr
trend value of 3.4 mm yr~!. Dominant spatial pat-
terns of sea level variability during 2007 included
the strengthening La Nifa in the tropical Pacific
Ocean, and zonal anomalies in the tropical Indian
Ocean, particularly south of the equator.

A revised climatology of global surface pCO,,
which was assembled from over 3 million mea-
surements spanning 36 yr, suggests a 30% larger
inter-annual variability in ocean CO, uptake than
that inferred from the previous climatology.
Chlorophyll concentrations during 2007 were close
to the mean value derived from 10 yr of climate-
quality ocean color measurements, but exhibited
significant deviations from the mean that were
largely due to global changes in phytoplankton
physiology rather than phytoplankton biomass.

Section 4: The tropics
« The year was characterized by a transition to

La Nifia conditions that, while not developed until
August, resulted in suppressed convection near
the date line beginning in early June. Therefore,
La Nina-like impacts on the upper-tropospheric
circulation were already evident during June-
August across the subtropical South Pacific.

The 2007 Atlantic hurricane season was near
normal, although slightly more active than in
2006. In the north and south Indian Ocean Ba-
sins, both the seasonal totals and intensity of TCs
were significantly above average, and included
two Saffir-Simpson category 5 TCs in the north
Indian Ocean and a world-record rainfall amount
of 5,510 mm over a 3-8-day period on the island
of Reunion in the south Indian Ocean.

A very strong, positive phase of the Indian Ocean
dipole occurred during 2007. This pattern likely
contributed to the lack of a traditional La Nifia
signal in the Northern Hemisphere subtropics dur-
ing the peak of the Atlantic hurricane season.
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Section 5: The Poles

The year 2007 was the warmest on record for the
Arctic, continuing a general, Arctic-wide warming
trend that began in the mid-1960s.

A dramatic signal related to the anomalous
warming was the significant reduction in the
extent of the summer sea ice cover and in the
relative amount of older, thicker ice, both show-
ing signs of an increase in their relative rates of
reduction.

An unusually strong high pressure region in the
Beaufort Sea during summer contributed to a re-
cord minimum Arctic sea ice cover in September.
Accompanying the reduction in sea ice cover was
an increase in the temperature and a decrease in
the salinity of the surface ocean layer.

Due to more open water at the end of the boreal
summer, surface air temperature anomalies for
2005-07 remained above +6°C (+10.8°F) during
October-November compared with the 1982-2007
mean over the central Arctic.

Measurements of the mass balance of glaciers and
ice caps indicate that in most of the world, glaciers
are shrinking in mass. The Greenland ice sheet ex-
perienced records in both the duration and extent
of the summer surface melt.

The AO circulation regime, widely considered
the main source of Arctic climate variability dur-
ing the twentieth century, returned to a strongly
positive wintertime index value for the first time
in more than a decade.

As a whole, Antarctica was warmer than average
in 2007, although the Antarctic Peninsula was
considerably cooler than average.

The cool temperatures over the Antarctic Penin-
sula resulted in extensive fast ice accumulation
on the eastern peninsula coast by the end of the
calendar year, and an unusually late start to the
summer melt season there.

Ozone activity was below the record levels of last
year, and near the average of the past 15 yr, due
to warmer springtime temperatures in the strato-
sphere.

Section 6: Regional climates

Numerous noteworthy climate events occurred in

2007 on the regional scale (Fig. 1.1):

The end of a weak El Nifio episode in February
2007 followed by a transition to moderate-to-
strong La Nifa conditions during the latter half



of the year influenced climate conditions in many
parts of the world.

Africa: In East Africa, unusually wet conditions
during the summer rainy season brought the level
of the Blue Nile at Khartoum, the capital of Sudan,
far above the record levels seen in 1988. The 2007
rainy season in West Africa featured above average
rainfall across most areas of the Sahel and portions
of the Gulf of Guinea region.

North America: In Canada, 2007 was warmer and
wetter than normal, with the country as a whole
having its 13th warmest year on record, 0.9°C
(1.6°F) above normal. For the United States, 2007
tied with 2005 as the ninth warmest year on record
with a nationally averaged temperature of 12.4°C
(54.3°F), the 10th consecutive year with tempera-
tures much warmer than the long-term average.
Continuing a string of record or near-record fire
seasons, the wildfire season in 2007 had the second
most acres burned in the historical record for the
United States as a whole (9.3 million acres; ~3.8
million hectares). Above average temperatures
prevailed across Mexico, as the nationwide mean
was 21.8°C (71.2°F) in 2007, 1.1°C (~2°F) above the
long-term average.

Central America and the Caribbean: Much of the
region was warm and wet in 2007. The above nor-
mal rainfall was attributable in part to the tropical
cyclones that impacted the region, as well as the
emergence of a La Nifia during the latter half of the
year. Cuba had its eighth warmest year since 1951,
with a mean temperature of 25.99°C (78.78°F),
~0.5°C (~0.9°F) above normal.

South America: Precipitation over South America
during 2007 was below normal in the southern
and eastern parts of the continent, very dry over
the west, and near normal to wetter than normal
in the region north of the equator and parts of the
Amazon basin. An unusually cold winter was re-
ported over the southern portion of the continent,
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while warmer-than-normal conditions prevailed
in the Amazonian region.

Asia: It was the warmest year on record in Rus-
sia, with a mean annual air temperature of 2.0°C
(3.6°F) above normal. Winter and summer were
also the warmest on record in 2007, registering
anomalies of +3.2°C (+5.8°F) and +1.8°C (+3.2°F),
respectively (meteorological observations in Rus-
sia date back to 1891). It was also record warm in
China and near-record warm in Japan in 2007.
The annual mean temperature in China was
1.3°C (~2.3°F) above normal, with all four seasons
warmer than average, making 2007 the warmest
year since reliable country-wide records began in
1951. In Japan, the annual mean temperature was
0.85°C (~1.5°F) above normal, the fourth highest
on record since 1898.

Europe: Based on data from the Hadley Centre
in the United Kingdom, the annual average land
surface temperature was +1.23 + 0.08°C (+2.21 +
0.14°F) above the 1961-90 mean for the European
region between 35°-75°N and 10°W-30°E, and
is virtually certain to be one of the five warmest
years in the 1850-2007 period of record. It was the
warmest year on record in the Netherlands, Bel-
gium, the Czech Republic, and several countries
in eastern and southeastern Europe. In addition,
Denmark had its warmest and sunniest year on
record in 2007, 1.8°C (3.2°F) above the 1961-90
mean. Since 1870, Danish temperatures have in-
creased by 1.5°C (2.7°F).

Oceania: Large areas of Australia continued to be
impacted by both long- and short-term drought
in 2007. In terms of mean temperatures it was
Australia’s sixth warmest year since high quality
Australia-wide records commenced in 1950, 0.7°C
(1.3°F) above the 1961-90 mean. For 2007 as a
whole, above average SSTs were observed through-
out much of the tropical southwest Pacific, south
and west of the date line.
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