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occurred over western parts of Eastern Europe, with 
some regions recording totals above the 90th per-
centile whereas eastern European Russia remained 
very dry.

Precipitation amounts in summer were below nor-
mal in most of Eastern Europe with a few exceptions 
in westernmost parts (Fig. 7.33, JJA). During June, 
the 500-hPa circulation featured a north-south dipole 
pattern of geopotential height anomalies with above-
normal heights extending from Northern Europe to 
Mongolia and below-normal heights over central Si-
beria. This situation reflected a strong positive phase 
(+2.1) of the Polar/Eurasia teleconnection pattern 
(see http://gcmd.nasa.gov/records/GCMD_NOAA_
NWS_CPC_POLAREUR.html for an explanation 
of this pattern). It was associated with exceptionally 
warm and dry conditions between the Black Sea and 
Caspian Sea where precipitation was below the 10th 
percentile. The mean precipitation signals during July 
indicated excess precipitation in Romania but below 
average totals (mainly below the 10th percentile) in 
European Russia, caused by a strong and persistent 
ridge over that area. August precipitation in Romania 
was above normal in the mountainous and western 
regions while precipitation amounts were low in the 
southeast, and even more so in the eastern Ukraine 
and southern European Russia.

Autumn precipitation totals were near normal or 
above average in Eastern Europe (Fig. 7.33, SON). No-
vember brought high monthly precipitation amounts 
to the region, within the upper tercile, except in the 
south.

Precipitation anomalies formed a tripole in De-
cember with a negative anomaly center north of 
60°N and another over southern European Russia. 
Above-average totals, exceeding 250% of normal, were 
recorded in central areas.

(iii) Notable events
A week of heavy rains and subsequent floods be-

tween 20 and 30 June caused 24 deaths in northeast-
ern Romania. The maximum 24-hour precipitation 
amount was 163.3 mm at Padureni. Nearly 10 000 
houses were flooded and several roads and bridges 
suffered severe damage.

Maximum temperature records across European 
Russia affected animals in November. During the first 
half of November, temperatures in European Russia 
were around 10°C above average. The extreme tem-
peratures meant that badgers and hedgehogs could 
not go into hibernation and some species of hares and 
red squirrel did not receive their warmer winter coats. 

This can negatively affect the animals when regular 
temperatures return.

7) Middle eaSt—F. Maier, A. obregón, P. Bissolli, and J. 
J. kennedy

Israel, Cyprus, Jordan, Lebanon, Syria, western 
Kazakhstan, Armenia, Georgia, and Azerbaijan

(i) Temperature
Widespread anomalous warmth affected much of 

the Middle East in 2010 (Fig. 7.30). The average land 
surface air temperature anomaly ranged between 
+2°C and +4°C. It was the warmest year recorded in 
Israel since at least the middle of the 20th century.

In winter 2009/10, anomalies exceeded +2°C 
across almost the entire Middle East and +4°C lo-
cally. Western Kazakhstan was only slightly warmer 
than normal.

Warmer-than-average conditions also prevailed 
throughout the region in spring, mostly above +2°C. 
March was exceptionally warm in the Middle East, 
whereas during April and part of May, temperatures 
were colder than normal in western Kazakhstan and 
the southern Caucasus, up to 2°C below the monthly 
average.

Summer had high positive anomalies across 
the Middle East. Extreme weather conditions were 
recorded in Azerbaijan where national average 
anomalies surpassed +6°C. A heat wave during July in 
Armenia set an all-time record of 10 consecutive days 
with temperatures above 38°C. August was unusually 
warm for the Middle East, with positive anomalies 
exceeding +4.0°C in several areas. While the monthly 
normal temperatures in Cyprus were average in June 
and July, a monthly record was reached for August, 
+3.0°C above normal. On 1 August, the temperature 
in Athalassa was 45.6°C, the highest temperature ever 
recorded in Cyprus and 8.4°C above normal for Au-
gust. Israel reported several heat waves, particularly 
in August, with record-breaking daily maximum 
temperatures above 45°C in some locations. 

Temperatures during the remainder of the year 
were above average in all months, locally exceeding 
+4°C. Only western Kazakhstan had near-normal 
temperatures in October.

 (ii) Precipitation
Annual precipitation was mostly below normal 

in the Middle East, only locally rising above average 
(Fig. 7.32).

Precipitation totals for winter were generally close 
to average for the Middle East, with a few positive devi-
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ations in western Kazakhstan, Armenia, and Cyprus, 
and negative anomalies in the south (e.g., Syria).

The spring was drier than average over the 
southeastern Middle East while the Caucasian areas 
and west Kazakhstan were wetter than average. In 
March, rainfall amounts in northern Israel were only 
5 mm–15 mm (10% of normal); only two other years 
had comparably low rainfall in March in the last 70 
years (1962 and 2004). April brought wet conditions 
to the south Caucasus, and many parts of Armenia 
received above-normal amounts of precipitation in 
May, up to nearly 250% of normal.

During summer, the southeastern Mediterra-
nean region experienced near-normal precipitation 
amounts while Cyprus and the Caucasian countries 
had negative anomalies down to 30% of normal. In 
June, most of the southern Middle East experienced 
above-average precipitation totals, whereas the south 
Caucasus and west Kazakhstan were dry. Armenia 
had lower-than-normal June values down to 14% 
of normal. In contrast, Azerbaijan had intensive 
rainfalls at the beginning of June, causing severe 
countrywide f looding. July was especially dry in 
most of the Middle East except Armenia, Azerbaijan, 
and some local mountain sites in other parts. August 

SIDEbAR 7.7: SEVERE WINTER 2009/10 IN CENTRAL AND WESTERN 
EUROpE—F. MAiER, A. oBREgÓn, P. BiSSoLLi, C. ACHBERgER, J. J. kEnnEDy, AnD D. E. PARkER

   The climate patterns over Central and Northern Europe 
in winter 2009/10 were characterized by a strong negative 
North Atlantic Oscillation (NAO) and frequent attenuation 
of westerly air flow, resulting in severe cold spells across the 
region. The winter-average NAO index was the lowest since 
records began in 1821 (Fig. 7.37).
   Snowstorms and negative temperature anomalies were the 
consequence (Fig. 7.31, DJF). Both Scotland and Ireland had 
their coldest winter since 1962/63; Ireland was 2°C below 
average. Many other countries in Western and Central Eu-
rope had their coldest winter since 1978/79 (UK was 1.6°C 
below average), 1986/87 (Germany, Switzerland), or 1995/96 
(the Netherlands were 0.5°C below average). In January, the 
monthly temperatures were 1.5°C below normal in Austria 
and 2.2°C below normal in the Czech Republic. In February 
the Swiss meteorological office reported the coldest winter 
temperatures for its summit stations for up to 40 years.
   The number of days with snowfall of 1 cm or more was higher 
than normal across the region. Northern Germany reported 
20–40 more snow days and the Netherlands had an average 
of 42 days with snow (29 more than the long-term average), 
the highest value since 1979.
   In the Baltic Sea, formation of sea ice started late after 
a relatively warm autumn with above-normal sea surface 
temperatures. Towards the end of 2009, very cold weather 
conditions over Scandinavia ensured a rapid development of 
the ice cover in the northern part of the Gulf of Bothnia, the 
Gulf of Finland, and Riga. Ice formation continued in all parts 
of the Baltic Sea until the middle of February and reached the 
maximum ice extent on 17 February (244 000 km2), almost 
two weeks earlier than normal. Although the Baltic Sea ice 
season of 2009/10 is classified as a normal one, its impact 
on the maritime transport was considerable, with numerous 
traffic restrictions.

   One of the cold spells in January forced Frankfurt’s airport 
to close over the weekend on 8 January. More than 90% of 
flights had to be cancelled. The anomalous cold also resulted 
in a blackout in the area around Leszno, Poland, where snow 
accumulated to a depth of 1.5 m. About 200 000 houses were 
left without power.
    The UK Met Office reported January snowfalls to be the 
most significant and widespread across the UK since the mid-
1980s. Thousands of schools were closed; there was severe 
disruption to transport networks, interruptions to water and 
electricity supplies to thousands of homes and businesses, and 
a number of fatal accidents related to the freezing weather 
conditions. In contrast to the cold and snowy conditions 
across Central and Western Europe, it was warmer and drier 
than usual in Greenland. This exceptional pattern reflected an 
extremely strong negative Arctic Oscillation (AO), the lowest 
December–February average since at least 1900 (compare Fig. 
7.37 for the North Atlantic Oscillation). The persistent strong 
ridge of high pressure over Greenland enabled the advection 
of cold Arctic air far into Central Europe.

Fig. 7.37. Time series of winter North Atlantic Oscillation 
(NAO) Index (after Jones et al. 1997, December–March 
average). (Image from http://www.cru.uea.ac.uk/~timo/
datapages/naoi.htm, updated 28 Jan 2011.)
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precipitation was mostly below normal in the Middle 
East and in the Caucasian countries.

The monthly Armenian precipitation totals 
continued to be low during September, but in Oc-
tober, Armenia had monthly rainfall amounts of 80 
mm–120 mm (220%–250% of normal). Neighboring 
Caucasian countries had similar positive precipita-
tion anomalies. November was again very dry for the 
whole Middle East. Middle Eastern countries close 
to the Mediterranean received less than 40% of the 
normal precipitation in November. In most parts of 
Israel, there was virtually no rain, making it one of 
the three driest November months in the last 70 years 
(only 1946 and 1966 were similarly dry). 

(iii) Notable events
Heavy rainfall over Israel and Jordan on 17–21 

January resulted in the worst f looding in over 10 
years. The floods claimed the lives of 15 people and 
approximately 700 houses were engulfed. Precipita-
tion totals of 70 mm were reported countrywide, a 
substantial fraction of normal monthly rainfall for 
most locations falling in only five days. For example, 
Jerusalem receives about 130 mm for the month of 
January on average.

On 12 March, heavy rainfall combined with 
melting snow resulted in severe floods in southern 
Kazakhstan. Over 40 people lost their lives and thou-

sands of people were affected. This year’s springtime 
f loods were amplified by intense snowfall in the 
winter, followed by a rapid thaw.

On 2 December, a forest fire broke out close to 
Haifa, Israel. Dry conditions and strong winds helped 
it become the biggest wildfire in Israeli history. Over 41 
people died in a bus that was caught in the flames. An 
estimated 17,000 people were forced to leave their homes, 
and almost 5000 hectares of land were burned.

On 11–12 December, an extratropical cyclone 
brought heavy rainfall and strong winds to the east-
ern Mediterranean and the Middle East. Five people 
lost their lives and shipping was disrupted in the Suez 
Canal. Along the coast of Lebanon, waves up to 10 
m were observed. In Jordan, highways were closed 
because winds reached speeds above 90 km hr-1.

g. Asia
1) rUSSia—o. n. Bulygina, n. n. korshunova, and V. n. Razuvaev
(i) Temperature
By and large, the year 2010 was warm in Russia. 

The annual temperature anomaly averaged over the 
Russian territory was +0.7°C (Fig.7.38). Temperature 
anomalies averaged over the Russian territory were 
positive for all seasons, except for winter (December 
2009–February 2010, DJF), with the summer (June–
August, JJA) temperature anomaly being the highest. 
Winter 2009/10 in Russia as a whole was one of the ten 

SIDEbAR 7.8: SUMMER hEAT WAVES IN EASTERN EUROpE AND 
WESTERN RUSSIA—F. MAiER, A. oBREgÓn, P. BiSSoLLi, C. ACHBERgER, J. J. kEnnEDy, D. E. 
PARkER, o.BuLyginA, AnD n. koRSHunoVA

   Western Russia was affected during summer 2010 by extreme 
heat waves and very dry conditions, resulting in droughts, 
wildfires, and poor air quality. Temperature records with 
anomalies 4°C–8°C above normal were measured widely 
across the region (Fig. 7.34). The June–August temperature was 
4.1°C above normal in central and southern European Russia. 
It was the hottest Russian summer in 130 years of record, on 
an areal average.
   The heat wave started in early July, with increasing tempera-
ture maxima during that month. On 29 July, Moscow recorded 
its all-time highest temperature of 38.2°C, followed by further 
32 consecutive days with temperatures exceeding 30°C. Ac-
cording to the governmental agency for the environment, the 
smog levels were five to eight times higher than normal. About 
14 000 people lost their lives, half of them around Moscow 
alone. Over 20% of Russian crops growing on 8.9 million hect-
ares of farmland were destroyed. There were more than 600 

wildfires and 948 forest fires in 18 counties at the beginning 
of August, with thousands of people made homeless. Eco-
nomic losses amounted to $15 billion (U.S. dollars). Adjacent 
countries such as Belarus, Ukraine, and Finland also recorded 
exceptional maximum temperatures. A record high number of 
extreme warm nights was reported in southeastern Europe.
   According to NOAA’s monthly State of the Climate report 
(http://www.ncdc.noaa.gov/sotc/2010/7), prior to 2010, the 
highest temperature recorded in Moscow was 36.8°C set 90 
years ago. Russia is climatologically disposed toward blocking 
events during summer (Tyrlis and Hoskins 2007), and many 
of its prior July heat waves also were associated with such 
blocking patterns. Consistent with this, a composite analysis 
of the average temperature anomalies and 500-hPa heights 
associated with the ten largest prior heat waves in this region 
since 1880 shows patterns similar to 2010 (Barriopedro et al. 
2011; Dole et al. 2011).
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coldest winters in the instrumental record, associated 
with the extreme negative phase of the Arctic Oscil-
lation (see Sidebar 7.7). 

January 2010 was characterized by severe frosts 
over the large area covering southern Siberia and 
European Russia. Average monthly temperatures in 
the Novosibirsk and Kemerovo Regions and the Altai 
Territory, which were at the center of the cold island, 
were 9°C–10°С below normal. In Evenkia, on the 
first days of January, temperatures were even lower, 
-55°С. In central European Russia, average monthly 
temperature anomalies were  8°C to -8.5°С. Record 
temperature minima were recorded in Tambov, Uly-
anovsk, and Penza, as well as some other cities. Such 
abnormally cold weather in central European Russia 
is related to a cold wedge of the Siberian anticyclone 
that propagated far westward. An important feature 
of January 2010 was a complete absence of thaws 
in Russia, which has been not recorded for several 
decades. 

In February, Western Siberia experienced much-
below-normal temperatures. The center of the cold is-
land was above the Yamalo-Nenets Autonomous Dis-
trict, where average monthly temperature anomalies 
were -9°C to -11°С. On the coldest days, average daily 
temperature was 20°C–22°С below normal. Record-
breaking temperature minima were recorded in both 
early and late February. Northern and northeastern 
European Russia experienced colder-than-usual 
weather. Severe frosts (-38°C to -46°С) were observed 
in the second part of the month (17–28 February). On 

19 February, in the extreme northeastern regions of 
European Russia, the air temperature dropped to a 
record -52°С, which is the lowest February minimum 
temperature for the period of record. Meteorological 
station Hoseda-Hard registered the second lowest 
minimum temperature ever recorded in Europe, 
-57.0°С (Fig. 7.39). The lowest minimum temperature 
was registered at station Ust-Shugur, Komi Republic, 
in December 1978, -58.1°C. In early February, the first 
thaw set in central Russia and in the middle of the 
month, warm air from Africa reached Sochi, which 
led to a new record maximum winter temperature 
over the area of Russia, +23.8°C.

Spring 2010 over the Russian territory was gener-
ally warmer than the long-term average. March was 
warm over most of Western Siberia. Most of the Far 
East region experienced cold weather, particularly in 
Kamchatka and the southern Far East, where average 
monthly temperatures were 2°C–3°С below normal.

Over most of Russia, April was warm, especially in 
northeastern European Russia, where average month-
ly temperatures were 4°C–5°С above normal. In early 
April, record-breaking maximum temperatures were 
registered in northwestern European Russia (St. Pe-
tersburg, Pskov, Arkhangelsk, Kotlas, and Syktyvkar), 
and in the Urals region (Orenburg, Perm, Ufa, and 
Magnitogorsk). In the third ten-day period of April, 
record-breaking warm weather settled in southern 
Western Siberia. Although rivers were still icebound 
and snow was on the ground in places, temperatures 
rose as high as +25°C, the highest since 1972. Record-
breaking cold weather was observed during the first 
week of the month in Kolyma and eastern Yakutia. 
In Oimyakon, which is known as “cold pole”, a new 
daily minimum temperature was set.

May 2010 was warmer than the long-term aver-
age. As early as the beginning of the month, record-
breaking temperatures were registered in northern 
European Russia, Upper and Mid-Volga, the Urals 
region, and central Russia, where average daily air 
temperatures were 7°C–11°С above normal. Unusu-
ally warm weather propagated from central European 
Russia outside the Arctic Circle. By the end of the first 
ten-day period, average daily temperature anomalies 
were larger than +10°С. On 11 May, record-breaking 
maximum temperatures were recorded in many 
northern cities (Naryan-Mar, Pechora, and Syk-
tyvkar). Weather in northern European Russia was 
warmer than in the south. On 18 May, air temperature 
in Murmansk reached 26.4°С, nearly 5°С higher than 
the previous record set in 1984. 

Fig. 7.38. Anomalies of average annual and seasonal air 
temperatures averaged over the Russian territory for 
the period 1939–2010 (1961–90 base period).
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Summer in Russia was the warmest such period on 
record, with a temperature anomaly of +1.8°С (Fig. 
7.38). It was particularly warm in central and southern 
European Russia, where the seasonal temperature 
anomaly was +4.1°С. 

In June, positive temperature anomalies prevailed 
over the Russian territory. In European Russia, a heat 
island formed over the Volga region and the Southern 
Urals, where average daily air temperatures were 
7°C–11°С above normal; maximum daily tempera-
tures reached 33°C–38°С. On 25 June, a maximum 
temperature record was also set in Moscow, 32.8°С. 
In southern Siberia, strong heat with maximum 
temperatures of 33°C–43°С persisted throughout the 
third ten-day period of the month. In Chita and most 
other cities of the region, record daily maximum tem-
peratures were observed. June temperature records 
were also broken in many southern regions of the 
Far East. On 9 June, the temperature in Vladivostok 

reached 29.9°С, which is more than 3°С above the 
record previously set in 1969. Such weather is atypical 
for early summer in the Maritime Territory, where  
the weather is usually dull, moist, and cool, due to 
monsoon effects.

July 2010 became the hottest July on record in 
Russia, despite the fact that over much of the country 
(Urals and Western Siberia) it was substantially colder 
than normal. For an extended period, most regions in 
European Russia experienced extreme heat due to a 
stationary anticyclone that brought hot air from Cen-
tral Asia. Nearly every day brought new temperature 
records. Abnormally hot weather settled in northern 
and eastern Yakutia on 1–5 July, with average daily 
temperatures 8°C–12°С above normal. On 4 July, a 
new daily record maximum temperature of 30.6°C 
was established in Oimyakon. A record maximum 
temperature of 32°С was set on 19 July in the north 
of Kamchatka. Western Siberia was the only Russian 

Fig. 7.39. Weather conditions for Russia in february 2010, showing (a) air temperature anomalies. 
Insets show the series of average monthly air temperatures and average daily temperatures during 
february at meteorological stations hoseda-hard and Tol’ka and (b) percentage of monthly precipita-
tion totals. Insets show monthly precipitation total series and daily precipitation during february at 
meteorological stations Smolensk and Ayan. 
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region where average monthly July temperature was 
below normal. In Surgut, a new record minimum 
temperature of 3.5°C was established on 20 July.

During the first half of August, most of European 
Russia experienced abnormally hot weather. However, 
the heat island that formed above central European 
Russia in July moved slightly southward. In the third 
ten-day period of August, high temperatures declined 
in central and eastern European Russia and the first 
frosts were recorded in the Urals, Upper Volga, and 
Northwestern regions (see Sidebar 7.8 for further 
details about this heat wave). 

In September, maximum average monthly tem-
perature anomalies were recorded in Chukotka 
(4°C–5°С). Average monthly temperatures over 
European Russia were above long-term averages. 
In the third ten-day period, the Urals region was in 
the warm rear part of the anticyclone that moved to 
Kazakhstan. Therefore, sunny and dry weather pre-
vailed. Temperatures reached 25°C–28°С, which was 
7°C–10°С above normal, resulting in new maximum 
temperature records. 

October in the Urals region, Western Siberia, 
Chukotka, and Kamchatka was very warm. In the 
Altai Territory, maximum temperatures reached 
13°C–15°С. October was colder than the long-term 
average over most of European Russia (except for 
northern and northeastern European Russia). In early 
October, an extensive cold anticyclone led to new 
daily minimum temperature records in Tver, Tula, 
Saratov, and other cities. In most of the Upper Volga 
regions, snow cover formed ten or more days earlier 
than their respective long-term averages. 

November was abnormally warm over most of 
the Russian area. The first half of the month was 
particularly warm over most of European Russia and 
southern Western Siberia. In many cities (Smolensk, 
Tver, Vladimir, Kostroma, Nizhni Novgorod, Izhevsk, 
Cheboksary, Bryansk, Kursk, and Lipetsk), new tem-
perature records were set. Warm and moist Atlantic 
air masses moving to Siberia over European Russia 
brought warm rainy weather to southern Western 
Siberia. On the last days of the month, cold Arctic air 
masses over European Russia transported warm air 
southward and genuine winter came to the central 
regions. In late November, winter weather also settled 
in northern Western Siberia. The Taimyr Peninsula 
and Evenkia experienced hard frosts in the third ten-
day period of the month (-40°C to -47°С). 

A large cold island formed over the Russian ter-
ritory in December. The island had two centers, one 
of which was located above northwestern European 

Russia and the other above central Eastern Siberia. 
Average monthly air temperature anomalies were 
-6°C to -7°С and -8°C to -10°С, respectively. Decem-
ber was warm in southern European Russia, with 
average monthly temperature anomalies greater than 
+7°C to +8°С in individual regions. On the Black Sea 
coast, daily temperatures rose as high as 25°С. In the 
North Ossetia valleys, tree buttons swelled and roses 
bloomed and in some villages, strawberries bloomed. 
On 26 December, the temperature in Stavropol 
reached 17.1°С, breaking the record previously set in 
1954 by 6°С. A more extensive warm island formed 
over the northeastern Far East. Average monthly 
temperature anomalies were more than +10°С. At 
meteorological station Omolon, the average monthly 
temperature was -23.1°С, compared with the normal 
value -35.8°С.

(ii) Precipitation
Precipitation over Russia was generally near nor-

mal (80%–120%) for 2010 as a whole. Above-normal 
precipitation was recorded in northwestern Euro-
pean Russia and in some areas of southern Siberia 
(120%–140%). Precipitation deficit was recorded in 
central European Russia (< 80%).

In February, a precipitation deficit was recorded in 
northeastern European Russia and northern Western 
Siberia due to prevailing anticyclones. Western and 
southern European Russia received considerably more 
precipitation, more than twice the monthly average in 
some places. Smolensk (Fig. 7.39b) received 90 mm of 
precipitation, compared with the normal value of 35 
mm—the highest February precipitation on record 
since 1885. The southern Far East also received much-
above-normal precipitation. At some stations, record-
breaking monthly precipitation totals were observed.

In March, much-above-normal precipitation 
(more than two to three times the respective monthly 
averages) was recorded in Northern Caucasia and in 
southern Western Siberia. In May, much-below-nor-
mal precipitation was recorded in eastern European 
Russia and in the northeastern Far East.

Central and southern European Russia experienced 
a substantial rainfall deficit in June. During the last 
ten-day period of June, the Central and Volga Federal 
areas, as well as Lower Volga received no or a few mil-
limeters of rainfall. In July, a precipitation deficit was 
registered in European Russia (4%–40% of monthly 
normal). In August, precipitation deficit was regis-
tered over the area from the Upper Volga region to 
the southern regions in European Russia. During this 
month, drought spread farther south: Rostov Region, 
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Krasnodar and Stavropol Territories, and republics 
of Northern Caucasia. The southern part of Western 
Siberia received below-normal precipitation.

In September, much-above-normal precipitation 
(more than three to four times the monthly averages) 
was recorded in the east of Russia (Kamchatka, Chu-
kotka, and eastern Yakutia). In October, southern Eu-
ropean Russia received above-average precipitation, 
especially the Astrakhan Region and the Republic 
of Kalmykia, where the monthly precipitation totals 
were three to five times higher than normal. 

In December, much-above-normal precipitation 
was recorded in some regions of the Far East. Monthly 
rainfall was four to five times higher than normal in 
many locations. Petropavlovsk-Kamchatsky was in-
undated with heavy rains throughout the first half of 
the month (high temperatures turned snow into rain). 
On 9 and 11 December, daily precipitation records 
were set and the monthly precipitation total, 446.3 
mm, was the highest on record for December at the 
station. Heavy snowfalls in the southern Far East were 
the highest amounts recorded in the past 60 years. At 
many stations, monthly precipitation was four to five 
times higher than normal. 

(iii) Notable events
Due to heavy snowfalls, avalanche-hazardous 

conditions and human-induced avalanching were 
recorded in the mountains of Northern Caucasia in 
February.

In March, in the third ten-day period, spring 
floods were recorded on the rivers in southern Euro-
pean Russia. Due to significant snow accumulation 
during the winter, despite preventive measures taken, 
a very complex hydrological situation 
existed on the rivers of the Voronezh, 
Volgograd, and Rostov regions (e.g., 
Don, Medveditsa, Khoper, Ilovlya, 
and Chir). In places, water levels rose 
to six to seven meters, which resulted 
in the inundation of many houses and 
evacuation of residents.

Due to large snow accumulation, 
torrential spring floods were recorded 
in May in Western Siberia. Particu-
larly complex hydrological situations 
existed on the Ob, Chaya, Chulym, Pe-
schanaya, and Tom rivers. Break-up of 
the Tom River in the vicinity of Tomsk 
was accompanied by ice clogging with 
an abrupt water level rise. 

In the first ten-day period of May, 

abnormally hot weather settled central European 
Russia; maximum daily temperatures reached 
28°C–31°С. As a result, the area experienced hot 
winds and extreme fire hazards. Forest fires were 
registered in the Lipetsk and Tambov regions.

In June, hot weather, combined with significant 
rainfall deficits and strong hot winds, contributed to 
severe soil moisture deficits and drought conditions. 
Abnormally hot and dry weather gave rise to extreme 
fire hazards in central European Russia. In the last 
ten-day period it was very hot in the Altai Territory, 
where temperatures reached 36°C in places. Hot winds 
and soil drought were observed in the northern Altai 
Territory and steppe areas of the Kemerovo Region. 
Hot and dry weather contributed to forest fires.

In July, a combination of abnormally hot weather 
and substantial rainfall deficit (4%–40% of monthly 
normal) observed in many regions resulted in damage, 
crop destruction, and forest fires over vast areas. 

In August, extreme fire hazards persisted and 
forests and peat bogs were still on fire. During the 
first days of August, dense smog wrapped Moscow, 
Ryazan, and other cities. A fire that engulfed the 
roads and led to zero visibility brought traffic along 
highway Moscow-Chelyabinsk to a standstill and 
disturbed railroad movement. 

Heavy rains (47 mm–93 mm) that occurred on 
15–16 October in the Apsheron and Tuapse Regions 
of the Krasnodar Territory caused an abrupt water 
level rise on local rivers (3.40 m–9.16 m). Fifteen 
people were killed.

Freezing rain was observed in central regions of 
European Russia on 25–26 December. Operations at 
large Moscow airports were brought to a standstill 

Fig. 7.40. Annual mean temperature anomalies (°C; 1971–2000 base pe-
riod) over East Asia in 2010. (Source: Japan Meteorological Agency.)



S215STATE OF THE CLIMATE IN 2010 |JUNE 2011

owing to ice glaze and hundreds of settlements in the 
Smolensk, Moscow, and Nizhniy Novgorod Regions 
lost their electricity supply.

2) eaSt aSia—P. zhang, y. Liu, and H. ishihara
Countries considered in this section include: 

China, Korea, Japan, and Mongolia. 

(i) Overview
Annual mean temperatures across East Asia 

showed a nonuniform pattern in 2010 (Fig. 7.40), 
with negative anomalies over southern and north-
ern China and the Korean Peninsula, and positive 
anomalies over Japan, central China, and parts of 
Mongolia. Annual total precipitation was near normal 
in most regions (Fig 7.41).

(ii) Temperature
The average temperature over China for 2010 was 

9.5°C, 0.7°C above the 1971–2000 average, ranking as 
the 10th warmest year since 1961 and the 14th con-
secutive above-average year since 1997. Annual mean 
temperatures for 2010 were above normal over most of 
China except central and southern Northeast China, 
some part of eastern North China, and northern Xin-
jiang, and 1°C–2°C above normal in Northwest and 
Southwest China. Seasonal mean temperatures were 
higher than normal in all seasons of 2010, except for 
spring. The seasonal surface temperature anomalies 
over China were 0.7°C, -0.1°C, 1.1°C, and 1.0°C for 
winter, spring, summer, and fall respectively. The 
spring temperatures in China were below normal for 

the first time since 1997. However, 
the summer was the warmest since 
1961. In 2010, the annual mean 
number of hot days (daily maxi-
mum temperature ≥ 35°C) all over 
China was 11.1 days, 4.1 days more 
than normal and ranked the highest 
frequency since 1961.

The average surface tempera-
ture over Japan (averaged over 17 
observatories confirmed as being 
relatively unaffected by urbaniza-
tion) in 2010 was 0.86°C above the 
1971–2000 average, making 2010 
the fourth warmest year since 1898. 
Area-averaged annual mean tem-
perature anomalies were +1.0°C in 
northern Japan, +1.0°C in eastern 
Japan, +0.8°C in western Japan, and 
+0.4°C in Okinawa/Amami. In 2010, 

Japan experienced the hottest summer in more than 
100 years. The three-month mean temperature for 
June–August in Japan was the highest in the histori-
cal record held by Japan Meteorological Agency that 
dates back to 1898, 1.64°C above the 1971–2000 aver-
age. In particular, August was so warm that monthly 
mean temperature records for August were broken at 
77 out of 144 observatory stations in Japan.

(iii) Precipitation
The mean annual precipitation averaged across 

China was 681.0 mm, 11.1% above normal, which 
ranked the second highest since 1961 (highest was 14% 
above normal in 1998). Moreover, the precipitation in 
each season was above normal, especially in spring, 
which ranked the second highest since 1961. The an-
nual number of rainstorm days were 21.5% more than 
normal and ranked the third highest since 1961. The 
rainstorms occurred mainly in southern Northeast 
China, middle and lower reaches of Huanghe River 
and Yangtze River Basin, and South China.

In 2010, there were frequent extreme weather and 
climate events caused by extreme precipitation. As 
a result of receiving 30% to 80% less-than-normal 
precipitation from September 2009 to March 2010, 
Southwest China experienced a rare severe autumn-
winter-spring drought. During January–March, the 
most serious snowstorm struck northern Xinjiang, 
with 36 days and 94.8 mm of average precipitation, 
breaking the previous historical record. From May 
to July, heavy rainstorms struck southern China 14 
times, bringing 800 mm–1200 mm accumulated 

Fig. 7.41. Annual precipitation ratio as percentage of normal (1971–
2000 base period) over East Asia in 2010. (Source: Japan Meteorologi-
cal Agency.)
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precipitation in some areas from south of the Yangtze 
River to southern China. From mid-July to early-Sep-
tember, severe rainstorms and induced flooding also 
struck northern and western China 10 times. From 1 
to 19 October, seldom-consecutive heavy rainstorms 
appeared in Hainan where the regionally-averaged 
precipitation was 1060 mm, ranking highest since 
1951. Serious geological hazards such as mountain 
torrents and mud-rock flow occurred in Zhouqu of 
Gansu province and other isolated places. 

In Japan, due to cold spells, many parts on the Sea 
of Japan side of the country were hit by heavy snow 
during the first half of January and the first ten days 
of February. In early February, Niigata, on the Sea 
of Japan side in eastern Japan, received up to 81 cm 
of snow, the deepest since a fall of 87 cm during the 
1983/84 winter. Since cyclones and fronts frequently 
passed near the mainland of Japan, seasonal pre-
cipitation amounts were significantly above normal 
in northern, eastern, and western Japan in spring. 
Seasonal precipitation was significantly above normal 
on the Sea of Japan side in northern Japan due to the 
influences of fronts in summer. Seasonal precipitation 
amounts were significantly above normal in Okinawa/
Amami in autumn.

The South China Sea summer monsoon (SCSSM) 
broke out in the fifth pentad of May (near normal) and 
withdrew in the fifth pentad of October (five pentads 
later than normal). The intensity of the SCSSM was 
-3.9, which was the weakest year since 1951. The SC-
SSM was much weaker than normal as a whole except 
for two periods: one from the fifth pentad of May to 
the first pentad of June and one during the first two 
pentads of September. After the full onset of the SC-
SSM, the front of the East Asian subtropical summer 
monsoon (EASSM) maintained over the region from 
South China to the south of the Yangtze River from 
the fifth pentad of May to June. In the first pentad 
of July, the front of the EASSM advanced to a region 
from the middle and lower reaches of the Yangtze 
River to the Yangtze-Huaihe River basins. With the 
northward movement of the monsoon surges and 
the subtropical high over the western North Pacific, 
the major rain belt in eastern China correspondingly 
moved northward. In June, the rain belt was mainly 
located in the south of the Yangtze River. From the 
first to third pentad of July, the major rain belt ad-
vanced to the middle and lower reaches of the Yangtze 
River. From the fourth to fifth pentad of July, the rain 
belt continued to move northward, with a large area 
of rainfall in the Yangtze-Huaihe and Yellow-Huaihe 
river basins. In fifth pentad of August, the front of 

the EASSM advance to North China and then North 
China entered the rainy season. In the second pentad 
of September, with the ridge of the subtropical high 
retreating southward, the rain belt in eastern China 
shifted from southern Northeast China and North 
China to southern North China and the Huanghe-
Huaihe River basins. During late September, the 
warm and wet air swiftly retreated southward to 
regions south of 25°N. Due to the active tropical 
storm systems during this period, the warm and wet 
air remained there about one month, which resulted 
in persistent precipitation over South China and the 
South China Sea. In the fifth pentad of October, with 
the cold and dry air from North China intruding to 
the coastal areas and the northern South China Sea, 
thermodynamic properties of the air mass over the 
South China Sea changed. The front of summer mon-
soon then began to withdraw from the South China 
Sea and the SCSSM ended. 

(iv) Notable events
There were 14 named tropical cyclones formed 

over the western North Pacific and the South China 
Sea in 2010, significantly less than the 1971–2000 
average frequency of 26.7 and the lowest number 
since 1951. Super Typhoon Megi developed inten-
sively with a central surface pressure less than 900 
hPa. After hitting the Philippines, the storm turned 
northward in the South China Sea, causing damage 
to southern China and Taiwan. From November to 
December, for the first time since 1951, no named 
tropical cyclones formed in this region (see section 
4d4 for further details on the 2010 western North 
Pacific hurricane season).

In early May, the strongest wind and hail storms 
of the past 20 years occurred in Chongqing China, 
with local maximum wind speed more than 108 km 
hr-1, and causing heavy casualties. 

In spring 2010, China was affected by 16 dust and 
sand storms, which was below the normal frequency 
for 1971–2000 but more than the 2000–09 decadal 
average of 12.7. The average number of dust days 
in northern China was 2.5 (3.1 days less than the 
1971–2000 average). During 19–22 March, a strong 
dust storm affected 21 provinces in China, which was 
the widest influence in 2010. 

Meanwhile, Kosa (yellow sand/aeolian dust) events 
were observed at 58 of 61 stations in Japan on 21 
March 2010, marking the highest number on record. 
Also significant in 2010 were new records set in May, 
November, and December in terms of the number of 
days when any meteorological station in Japan ob-



S217STATE OF THE CLIMATE IN 2010 |JUNE 2011

served Kosa. There were 41 days in which any 
meteorological station in Japan observed Kosa 
in 2010, nearly double the normal number (20.1 
days). A cumulative total of 526 observations of 
Kosa were made in 2010, more than triple the 
average of 153.9.

3) SoUth aSia—M. Rajeevan, A. k. Srivastava, z. 
Lareef, and J. Revadekar

(i) Temperatures
South Asia continued to experience unusu-

ally warm temperatures in 2010. The summer 
months of March, April, and May were char-
acterized by abnormally high temperatures 
over northern/northwestern parts of India 
and Pakistan with many days of extreme heat 
wave conditions. 

The annual mean temperature for India 
was 0.93°C above the 1961–90 average, making 2010 
the warmest year on record since nationwide records 
commenced in 1901 (Fig. 7.42). This superseded the 
previous five warmest years, which have all occurred 
since the turn of the century: 2009 (+0.92°C), 2002 
(+0.71°C), 2006 (+0.60°C), 2003 (+0.56°C), and 2007 
(+0.55°C). Mean monthly temperature anomalies over 
the country as a whole were the highest for March 
(+2.27°C), April (+2.02°C), and November (+1.17°C), 
and the second highest for May (+1.17°C), since 
records began in 1901. The recent decade (2001–10) 
was the warmest decade on record over India with a 
decadal mean temperature anomaly of +0.60°C.

(ii) Precipitation
The summer monsoon season (June–September) 

contributes 60%–90% of the annual rainfall over ma-
jor portions of South Asia. During the 2010 monsoon 
season, while India, Pakistan, and Sri Lanka expe-
rienced above-normal rainfall activity, Bangladesh 
experienced its driest monsoon since 1994. 

For India, the long-
term average (LTA) value 
of the summer monsoon 
rainfall, calculated us-
ing all data from 1941 
to 1990, is 890 mm. For 
2010, the summer mon-
soon seasonal rainfall 
over India was 102% of 
its LTA. During the sea-
son, the monsoon trough 
(an east-west elongated 
area of low pressure) was 

mostly located south of its normal position and 
monsoon low pressure systems moved south of their 
normal tracks. This resulted in an uneven spatial dis-
tribution with above-normal rainfall over peninsular 
and northwest India and deficient rainfall over central 
and northeastern parts of India (Fig. 7.43). Consistent 
with the recent decreasing trend of the frequency of 
monsoon depressions over the Indian Ocean, none of 
the 14 low pressure systems formed over the Bay of 
Bengal intensified into a monsoon depression. 

The monsoon advanced into southern parts of In-
dia on 31 May, close to its normal schedule. However, 
formation of Tropical Cyclone Phet over the Arabian 
Sea disrupted the northward progress of the monsoon 
and caused a prolonged hiatus of about two weeks. 
The slow progress in the monsoon advancement re-
sulted in a rainfall deficiency of 16% for June over the 
country. However, the rainfall activity in July, August, 
and September months was normal with monthly 
rainfall of 103%, 105%, and 110% of LTA respectively. 
During the season, of the 36 meteorological subdivi-

Fig. 7.42. Annual mean temperature anomalies (with respect 
to 1961–90 normal) averaged over India for the period 1901–
2010. The smoothed time series (9-point binomial filter) is 
shown as a continuous line.

Fig. 7.43. Spatial distribution of 2010 monsoon seasonal (June–September) 
rainfall (mm) over India.
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sions, 14 received excess rainfall, 17 received normal 
rainfall, and the remaining five subdivisions received 
deficient rainfall. 

Pakistan, which is at the western edge of the pluvial 
region of the South Asian monsoon, experienced the 
worst flooding in its history as a result of exception-
ally heavy monsoon rains (Fig. 7.41). The flooding was 
caused by a major rain spell from 28 to 29 July, when 
the rainfall totals exceeded 120 mm over a large area 
of northern Pakistan. There were additional heavy 
rains further south from 2 to 8 August (Webster et al. 
2011). During the following days, flooding extended 
through the entire Indus Valley, leaving behind a 
wake of devastation and destruction. The death toll 
was close to 2000 and over 20 million people were af-
fected. The agricultural losses were estimated at more 
than $500 million (U.S. dollars). Over the northwest 
and central parts of the country, the seasonal rainfall 
was more than 75% above normal. The total mon-
soon seasonal rainfall in 2010 was the fourth highest 
on record and the highest since 1994. These heavy 
rainfall events over Pakistan could be attributed to 
an interaction of extended monsoon f low and an 
upper level trough in the westerly jet stream. The 
persistent trough in the jet stream associated with the 
upper-layer blocking pattern over West Asia caused 
strong upper-layer divergent flow and ascent of warm 
and moist surface air. Near the surface, the monsoon 
easterly winds extended unusually far along the Hi-
malayan foothills into northern Pakistan.

Since the monsoon trough was mostly located 
south of its normal position, the rainfall activity was 
subdued over Bangladesh. The monsoon season typi-
cally brings the country more than 75% of its annual 
rainfall. In 2010, Bangladesh experienced one of the 
driest monsoon seasons since 1994, with the seasonal 
rainfall about 19% less than the 30-year long term 
average rainfall. 

The northeast monsoon (NEM) contributes 30%–
50% of the annual rainfall over southern peninsular 
India and Sri Lanka as a whole. Over south penin-
sular India, active monsoon conditions continued 
unabated during the NEM season also. Above-normal 
rainfall activity over the region was associated with 
the presence of an active Intertropical Convergence 
Zone (ITCZ) across the region and formation of five 
low pressure systems (two severe cyclonic storms, 
two depressions, and one low pressure area) over the 
warm waters of the south Bay of Bengal. The 2010 
NEM seasonal rainfall over south peninsular India 
was significantly above normal (155% of LTA), which 
is the second highest since 1901, behind 2005. 

Rainfall over Sri Lanka was up to 30% below nor-
mal during January–March, was wetter than normal 
from July to September and, after a dry October, was 
much wetter than normal during November and 
December. The rainfall anomalies during January–
March were typical of anomalies during an El Niño 
episode that prevailed until April 2010 and the wet 
anomaly from June to September was typical of that 
during the La Niña event that commenced in July. 
However, the enhanced rainfall (more than 50% 
above normal) during the main planting season from 
October to December was anomalous but not un-
precedented. During La Niña episodes, there is usu-
ally below-normal rainfall (Zubair and Ropelewski 
2006) but in the 43 La Niña events from 1869 to 1998, 
wet conditions were reported on six occasions. The 
cumulative impact of wet conditions since April led 
to many landslides and floods that intensified to the 
end of the year. 

(iii) Notable Events
Severe cold wave conditions with temperatures 

5°C–10°C below normal prevailed over northern 
parts of India in January and during the first fort-
night of February, claiming more than 600 lives. On 
18 April, Delhi, the capital city of India, recorded its 
highest April temperature (43°C) in nearly 60 years. 
In May, severe heat wave conditions with daytime 
temperatures 4°C–5°C above normal prevailed over 
northern and central parts of India claiming more 
than 300 lives. In Pakistan, record daytime tem-
peratures were reported for several days during the 
last week of May; the heat wave conditions claimed 
at least 18 lives. A maximum temperature of 53.7°C 
was recorded at Mohenjo-daro on 26 May. This was 
the warmest temperature ever recorded in Pakistan 
and possibly the fourth warmest temperature ever 
recorded anywhere in the world. 

On 13 April, a severe convective storm with strong 
winds of more than 26 m s-1 caused widespread dam-
ages in West Bengal and Bihar, claiming more than 
120 lives, and leaving nearly one million people home-
less. The severe cyclonic storm Laila that formed over 
the southeast Bay of Bengal, crossed the Andhra coast 
on 20 May, causing widespread damage and claiming 
the lives of more than 50 people. An unusually heavy 
rainfall event in the early hours of 6 August in Leh 
(Jammu and Kashmir) claimed more than 150 lives 
and more than 500 people were reported missing. 
Rainfall records for India during 2010 are listed in 
Table 7.2. 



S219STATE OF THE CLIMATE IN 2010 |JUNE 2011

4) SoUthWeSt aSia

(i) Iraq—M. Rogers
(A) TemperATure

Temperatures in Iraq during 2010 were 2°C–4°C 
above normal. Many locations had above-average 

temperatures every month, with temperatures reach-
ing at least 50°C in many central and southern areas 
during the summer. Figure 7.44 shows the seasonal 
temperature anomalies for three locations.

S.
NO.

Station
24-hr

Rainfall
(mm)

Date
previous 
record
(mm)

Date of
record 

year
of

Record

     June

1 N. Lakhimpur 207.8 16 183.0 22 1990

2 Osmanabad 111.2 23 68.2 3 2000

3 Cial Cochi 160.6 13 93.9 6 2004

       July 

1 Phoolbagh 146.2 21 123.6 11 2003

2 Damoh 253.6 26 225.1 18 1973

3 Okha 330.5 27 283.3 10 1973

4 Nandyal 143.2 11 116.0 16 1989

5 Dharmapuri 117.0 9 91.6 12 1989

      August

1 Okha 226.5 3 119.8 11 1981

2 Bhira 380.0 30 350.0 23 1997

3 Osmanabad 149.8 22 85.0 21 2009

4 Arogyavaram 111.0 21 90.0 9 1970

       September

1 Ranchi AP 205.8 12 168.4 28 1963

2 Pant Nagar 117.2 7 105.0 10 1967

3 Bharatpur 107.0 4 91.8 17 1990

4 Dhar 170.8 8 151.0 21 1973

5 Narsapur 115.7 13 88.9 24 1997

6 Mangalore AP 150.2 24 125.5 6 1902

7 Panambur 125.2 24 113.6 26 1998

8 Belgaum (AP) 150.0 24 100.4 20 1981

9 Cochi AP 183.5 24 128.0 28 2009

10 Cial Cochi 108.0 24 77.4 18 2009

Table 7.2. Record rainfall over India during the 2010 monsoon season  



S220 | JUNE 2011

Winter temperatures, as with the rest of the year, 
were significantly above average, with most locations 
having no frost at all. The airbase at Tallil in the south 
did have a couple of nights where the temperature 
fell below freezing during the late winter but overall 
the season was still above normal. Spring followed 
in a similar pattern with some locations having 
record daytime temperatures. Summer and autumn 
continued to be well above average across most areas 
although temperatures were closer to normal during 
November in the south.

(B) precipiTATion

Rainfall over Iraq was well below average across 
all areas for the third consecutive year. The winter 
period, December 2009–February 2010, was the 
wettest part of the year. December 2009 was wetter 
than normal at Mosul but elsewhere, and for the rest 
of the season, it was significantly drier than average. 
Below-average rainfall continued for the rest of the 
year, with the dry summer conditions continuing well 

into the autumn. Mosul received 
above-average rainfall during De-
cember as the 2010/11 winter began 
unsettled in the north while drier-
than-normal conditions continued 
across central and southern areas.

(c) noTABle evenTs

The major event of 2010 was the 
continued drought, especially dur-
ing the autumn. For the third con-
secutive year, below-average rainfall 
had a major effect on the country’s 
agriculture. The drought led to 
falling river levels in the Tigris and 

Euphrates. Further, dust storms occurred more fre-
quently during the year and fog occurred less. 

(ii) Iran—M. khoshkam and F. Rahimzadeh
(A) TemperATure

Warmer-than-average conditions occurred dur-
ing winter 2009/10 (Table 7.3). The highest values 
occurred in parts of northwest including West Azer-
baijan, East Azerbaijan, and Kordestan provinces, 
with anomalies of +5°C with respect to the long-term 
mean. The highest anomalies occurred in Ghorveh, 
Kordestan, with +7°C anomalies. During spring, the 
country experienced temperatures mostly 0°C–2°C 
above the long-term mean; however, in some small 
parts of central Iran, temperature anomalies were 
+2°C to +3°C. And in some isolated areas, mean 
temperatures were up to 0.8°C below average. In the 
summer, a vast area, including some parts of north-
east and central Iran, reported mean temperatures 
that were 0°C–1.7°C below average. The rest of the 
country experienced temperatures 1°C–2°C above 

parameter                              Season Winter Spring Summer Autumn

Precipitation Average (mm) 75.4 62.9 6.63 19.3

Respect 
to (%) 

 Long term 31% 30% 34% 72%

23% 20% 47% 78%previous
year

Range from–to (mm) 0.5–450.5 0–310 0–324 0–586 

Temperature Respect to long term 
(°C)

0.5 to 7 -0.8  to 3 -1.7 to 4 -0.5 to 6.5

Range from-to (°C) -1.7–23 8–33 15–41 5–30

Table 7.3. Seasonal amount of precipitation and temperature over Iran 2010. 

*red: above long term, blue: below long term, dashed: mixed below and above long term

Fig. 7.44. 2010 seasonal temperature anomalies (°C) for three Iraqi 
cities compared with 1961–90 normal.
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the long term average, although anomalies of up to 
+4°C were experienced at two stations. In autumn, 
warmer-than-average temperatures persisted across 
the country, while cooler-than-average conditions 
were limited to a small part in the southeast. The 
highest positive anomalies were in the northwest and 
in some parts of the Caspian Sea area, where tempera-
tures were around 2.5°C above the long-term average. 
Khore-Birjand station in eastern Iran recorded a +6°C 
anomaly, while Zahedan in the southeast recorded an 
anomaly of  0.5°C.

Comparing patterns of average seasonal tem-
peratures, anomalies over the country tended to 
be uniform (except in spring), with the northwest 
exhibiting larger positive anomalies than other areas. 
This part of the country is a mountainous area with 
low average temperatures. Such a pattern has been 
projected by climate models, as discussed in a joint 
project by the Atmospheric Science and Meteorologi-
cal Research Center in Tehran (http://www.asmerc.
ac.ir/) and the Climatological Research Institute in 
Mashhad (http://www.irimo.ir/english/index.asp). 
In summer, the central part the country was warmer 
than other regions, where temperatures were mostly 
below normal. 

(B) precipiTATion

Iran experienced drier-than-normal conditions 
for winter, summer, and autumn in 2010 (Table 7.3). 
Spring, summer, and autumn also received less rain-
fall in 2010 than in 2009. During winter, areas with av-
erage or above-average rainfall (up to 170% of normal) 
were confined to parts of the northeast, northwest, 
southeast, and small parts of the Zagross mountains, 
while the rest of the country received precipitation 
amounts no more than 90% of normal. However, 
total winter rainfall in Golpaygan and through west-
ern parts of the country was up to 400% of normal. 
Similar to 2009, the largest total winter rainfall of 
450 mm was observed in Koohrang, located in the 
Zagross mountain area. Through the middle and east 
of the country, and in localized regions in Hormozgan 
province (across the Persian Gulf), rainfall was less 
than 25 mm. In spring, the amount of precipitation 
was 30%–60% of normal in some parts of the north 
and southeast, but up to 170% of normal in the west 
and northwest. Chahbahar station recorded 300% of 
normal precipitation. In total, spring 2010 was the 
only season this year in which average precipitation 
was above the long-term normal. During summer, 
most parts of the country received below-normal pre-
cipitation, although the northwest and some isolated 

areas elsewhere received above-normal precipitation. 
While the highest recorded summer precipitation was 
323.7 mm in Bandar-Anzali, some widespread areas 
in different parts of the country (especially west and 
central areas) received no measured rainfall at all. 
During autumn, all parts of the country received less 
than 90% of their normal rainfall.

(c) noTABle evenTs

The potential for air pollution increased due to 
the extent of cold high pressure systems and stable 
air masses during October and November for many 
consecutive days, especially in metropolitan and in-
dustrial cities including the capital city of Tehran. 

Significant dust storms during winter, spring, and 
summer spread over large parts of south and south-
west Iran. Low-pressure systems with very low hu-
midity accompanied by troughs over Iraq and Saudi 
Arabia and associated with increased wind speeds 
were the main cause of the dust storms. Eastern and 
southeastern Iran experienced dust as usual in spring 
and summer. However, the source of those typical 
events is completely different to that associated with 
the dust in the south and southwest.

In 2010, methane gas production from dried leaves, 
accompanied by low pressure systems over the north 
of the country, induced a number of forest fires in the 
Golestan, Mazandaran, and Gilan Provinces. 

(iii) Turkey—S. Sensoy and M. Demircan
(A) TemperATure

The annual average temperature for Turkey (based 
on data from 130 stations) in 2010 was 15.54°C. 
The 2010 mean temperature was 1.95°C above the 
1971–2000 average of 13.59°C. Generally, the whole 
country had temperatures above the mean, with high-
est anomalies occurring in eastern regions (Fig. 7.45). 
Positive temperature anomalies have been observed 
every year since 1994, apart from 1997. Monthly 
average temperatures during 2010 were above the 
1971–2000 average during most months but were near 
normal in April and October. A negative correlation 
(-0.30) was found between the North Atlantic Oscil-
lation (NAO) index and Turkey’s winter temperature 
(Sensoy et al. 2010). The NAO was negative during 
all months of 2010. 

(B) precipiTATion

Rainfall in Turkey is affected by topography. For 
example, Rize (located in the eastern Black Sea region) 
receives an average of 2200 mm precipitation annually 
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while Konya (located in central Anatolia) receives an 
average of only 320 mm (Sensoy 2004).

Average annual total precipitation for Turkey as a 
whole is about 635 mm. In 2010, the annual rainfall 
was 729 mm (Fig. 7.46). Generally, western and north-
eastern parts of the country had precipitation above 
the mean total, except Southern Anatolia region 
where slightly-below-normal rainfalls were observed. 
Large positive anomalies occurred in Bursa, Balikesir, 
Edremit, and Yalova, with some rainfall events lead-
ing to hazardous floods in these cities. Bursa had its 
wettest year on record [1328 mm, 96% above normal 
(WMO 2010)]. 

Monthly precipitation totals were much above 
normal in January, February, June, October, and 
December, and below normal in March, April, May, 
August, and November. A negative relationship was 
found between Turkey’s precipitation and the NAO 
index (0.50), which is particularly strong in winter 
and was negative throughout 2010. The NAO affects 
Turkey’s climate more strongly than ENSO (Sensoy 
et al. 2010). 

(c) noTABle evenTs

The highest number of extreme events in Turkey 
since 1940 was reported in 2010 (555 events). There 
is an increasing trend of 25 events decade-1. The most 
frequent and hazardous extreme events are storms, 

floods, drought, and hail. During 2010, nearly half of 
the extreme event total was made up of storms (46%). 
Floods were the next most frequent extreme event in 
2010 (29%), followed by hail (14%). Although rare, land-
slides, lightning, tornadoes, and avalanches are other 
disastrous extreme events that occur in Turkey.

On 13–14 October, 122.8 mm of rainfall was re-
corded in 24 hours in Bursa. For this amount of rain 
in 24 hours, the average return interval was estimated 
to be 200 years (WMO 2010). Similar heavy rainfall 
occurred again on 27 October. Both events resulted 
in many floods and landslides. There was one death, 
and several primary and secondary schools were 
suspended for two days.

In Rize, extreme rainfall was associated with 
floods and landslides on 26 August 2010. According 
to the disaster report, 13 people died, one person 
was missing, 168 houses were destroyed, and 1729 
hectares of fields, roads, and water pipes were dam-
aged. Total economic lost was estimated as 30 million 
Turkish Lira ($20 million U.S. dollars).

h. Oceania
1) SoUthWeSt paCifiC—A. Peltier and L. tahani
Countries considered in this section include: 

American Samoa, Cook Islands, Fiji, French Poly-

Fig. 7.46. Annual total precipitation anomaly for 2010 
across Turkey, expressed as a percent departure from 
the 1971–2000 normal. The top panel shows the spatial 
distribution of anomalies for 2010 while the bottom 
panel shows a time series of national average anoma-
lies since 1940.

Fig. 7.45. Temperature anomalies for 2010 in Turkey 
(°C). The top panel shows the spatial distribution of 
anomalies for 2010 while the bottom panel shows a 
time series of national average anomalies since 1940.
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nesia, Kiribati, Nauru, New Caledonia, Niue, Papua 
New Guinea, Samoa, Solomon Islands, Tokelau, 
Tonga, Tuvalu, and Vanuatu. Unless otherwise noted, 
temperature and precipitation anomalies are relative 
to a 1971–2000 base period. The year in the Southwest 
Pacific was strongly influenced by the transition from 
a moderate El Niño over the southern summer to a 
strong La Niña in the second half of the year (see 
section 4bf).

(i) Temperature
Above-average surface air temperatures, with 

anomalies mostly exceeding +1°C, were recorded at 
numerous stations in the equatorial Pacific as well in 
Wallis and Futuna, Samoa, and most of the French 
Polynesia during austral summer as a result of El 
Niño. In contrast, an extended area of 
cooler air (less than 0.5°C below average) 
encompassed the Solomon Islands, New 
Caledonia, southern islands of Vanuatu, 
Fiji, Tonga, Niue, Southern Cook Island, 
and Austral Islands. With the develop-
ment of La Niña conditions around 
July, the temperature pattern reversed 
with well-below average temperatures 
restricted to the equatorial Pacific and 
relatively high air temperatures over most 
of the southwestern Pacific. On average, 
surface temperatures were above normal 
in 2010, since La Niña prevailed most of 
the year (Fig. 7.47). 

(ii) Precipitation
Rainfall patterns over the southwest-

ern (SW) Pacific are heavily influenced 
by ENSO f luctuations. As 2010 was 
dominated by two opposite phases of 
similar intensity, the overall rainfall 
anomaly was rather weak in most of 
the SW Pacific (Fig. 7.48). Exceptions 
were Marquesas, which had drier-
than-average conditions (less than 60% 
of normal rainfall, compared to the 
1979–95 base period), and Eastern Kiri-
bati, where heavy rainfalls during the 
first two months contributed to a slight 
annual surplus (120% of normal). For 
most Pacific islands, the rainfall pattern 
observed in 2010 was fairly typical of El 
Niño conditions early in the year and 
representative of La Niña conditions 

during the second half.
During the first three months of 2010, the Inter-

tropical Convergence Zone (ITCZ) was displaced 
towards the Equator (section 4f). Convection was 
then enhanced from west of Nauru across Western 
Kiribati to Eastern Kiribati, and suppressed over 
Papua New Guinea. On a smaller scale, the Madden 
Julian Oscillation (MJO) also contributed to intense 
precipitation along the Equator with the enhanced 
phase located across the western and central Pacific 
from late January to early February. Also consistent 
with El Niño, the South Pacific Convergence Zone 
(SPCZ) was shifted eastward during January–March, 
hence above-average precipitation occurred over the 
eastern edge of the Solomon archipelago, Tuvalu, 

Fig. 7.47. Annual surface air temperature anomalies (°C) for 2010 
(1971–2000 base period) over the southwest pacific from NOAA 
NCEp.

Fig. 7.48. percentage of average annual rainfall for 2010 (1979–95 
base period) over the southwest pacific from NOAA NCEp CpC 
CAMS_OpI v0208.
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Tokelau, Samoa, Northern Cook islands, and parts 
of French Polynesia (Society Islands, Tuamotu archi-
pelago, and Gambier islands). Meanwhile, rather dry 
conditions persisted across New Caledonia, Vanuatu, 
Fiji, Tonga, Wallis and Futuna, Niue, and Southern 
Cook Island. These islands did not receive the water 
supply usually expected during austral summer.

Soon after the decay of El Niño during austral 
autumn, convection remained suppressed in the 
equatorial Pacific. As expected during La Niña con-
ditions, mainly below-average rainfall was recorded 
each month from June to December 2010 in Nauru, 
Tuvalu, Tokelau, Kiribati, and Marquesas Islands. 
Heavy precipitation was confined to the very western 
edge of the equatorial Pacific. Parts of Papua New 
Guinea and Solomon Islands were affected by a rather 
contracted SPCZ during austral winter.

In the islands farther south, La Niña effects be-
came apparent during the last quarter of 2010. As the 
SPCZ was displaced southwest of its normal position, 
above-average rainfall was recorded in New Caledo-
nia, Vanuatu, Fiji, Tonga, Niue and the Southern Cook 
Islands, and Austral Islands, whereas precipitation 
was less abundant over the rest of French Polynesia 
and the Northern Cook Islands. Over Wallis and 
Futuna, as well as Samoa, precipitation amounts were 
near normal during late 2010.

(iii) Notable events
Fourteen synoptic-scale low pressure systems 

formed in the Southwest Pacific in 2010, seven of 
them intensifying into tropical cyclones within the 
SW Pacific basin. Tropical cyclone (TC) activity was 
prominent during the first quarter of 2010; a single 
storm developed during the end of year. Because of 
the El Niño conditions, cyclonic activity was shifted 
easterly towards the center of the Pacific during the 
2009/10 season. Also typical of El Niño, the mean 
genesis location was displaced towards the Equator. 

Tropical Cyclone Oli originated near the Tuvalu 
archipelago and started its 5000 km-long journey 
through the southwest Pacific on 29 January. As it 
moved southeastward, the tropical depression inten-
sified progressively and reached Category 4 status as 
it passed 300 km west of Society Islands on 3 Febru-
ary. There, hundreds of families coped with damages 
caused by wind and wind-waves of up to seven meters. 
The storm’s trajectory then turned south toward the 
Austral Islands. The eye of Oli passed over Tubuai 
on 5 February, with a minimum sea level pressure of 
955.8 hPa and sustained winds of 55 kts (28 m s-1) with 
gusts up to 92 kts (47 m s-1). Along the northern and 

northeastern coasts 145 homes were completely shat-
tered by winds and flooding sea water. Oli became 
the second most intense tropical cyclone recorded in 
French Polynesia. (The most violent was Orama in 
1983 with a minimal pressure recorded at 870 hPa.)

Cyclone Tomas formed in the vicinity of Tokelau 
on 7 March, moved west, then south and threatened 
at first Wallis and Futuna archipelago. On 17 March 
it passed within 100 km of Futuna while a Category 
2–3. No casualties were reported but severe damage to 
coastal areas, crops (80% destroyed), and infrastruc-
ture occurred on Futuna. Most traditional “fales” 
were damaged or destroyed because of wind action 
and storm surge. Unfortunately, the semi-automatic 
weather station ran out of battery power early on the 
17th and therefore no maximum wind speed were 
recorded at Futuna’s synoptic station. Maximum 
wind speed was nonetheless estimated at 92 kts (47 m 
s-1), probably the highest value since 1979. With esti-
mated winds near the center gusting up to 135 kts (69 
m s-1), Tomas reached its peak intensity near Vanua 
Levu (Fiji) while it moved southward. Five thousand 
people were evacuated in the island’s Northern divi-
sion. Many coastal villagers in this area had their food 
crops ruined for months because of salt intrusion into 
the soil (see section 4d6 for more information on the 
southwest Pacific hurricane season).

2) northWeSt paCifiC, MiCroneSia—C. guard and M. 
A. Lander 

(i) Overview 
This assessment covers the area from the Interna-

tional Date Line west to 130°E, between the Equator 
and 20°N. It includes the U.S.-affiliated islands of Mi-
cronesia, but excludes specific discussions concerning 
the western islands of Kiribati and the Republic of 
Nauru. In this Pacific region, the regional climate is 
strongly influenced by the phase and phase changes 
of ENSO (section 4b).

Temperature, rainfall, sea level, tropical cyclone 
distribution, and most other climate variables roughly 
corresponded to the behavior that would be expected 
in a year that began as El Niño and then transitioned 
rather rapidly to a La Niña event. Such years tend to 
be warm and dry across Micronesia. During the first 
half of 2010, Micronesia experienced enhanced east-
erly trade winds, strong subsidence, and dry weather, 
typical of a post-El Niño year. The mid-year transition 
to La Niña conditions further enhanced the trade 
winds, shifting monsoon trough activity and tropical 
cyclone (TC) development far to the north and west 
of normal. As a result, Micronesia experienced one of 
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its least active TC seasons on record. Tropical cyclone 
activity across the whole North Pacific basin was far 
below normal (50%) and set new historical record 
lows (see section 4d4).

(ii) Temperature
Average monthly maximum temperatures (maxT) 

and minimum temperatures (minT) across most of 
Micronesia have been rising for several decades at a 
rate that exceeds the reported rise of global average 
temperature of +0.74°C in the last century.  The tem-
perature time series at Guam’s Andersen Air Force 
Base (AAFB) is typical (Fig. 7.49).

The anomalies of maxT and minT across Micro-
nesia during the first and second half of 2010 (Table 
7.4) were mostly above normal. However, the minT 
at two stations, Yap and Pohnpei, has shown a long-
term decrease.  In keeping with this trend, the minT 
at Pohnpei was below normal in both halves of 2010, 
but the minT at Yap during the first and second half 
of 2010 was +2.08°C and +2.07°C above normal, 
respectively. While minTs from January through 
June were expected to be cooler than normal, they 
were in fact, considerably warmer than normal at 
several locations, possibly as a result of the higher 
than normal sea surface temperatures (SSTs) across 
much of the region.

Location
Max Temp
Min Temp

   Rainfall

Jan–
Jun

Jul-
Dec

  
Jan–Jun Jul–Dec          Jan-Dec

  °C mo-1   °C mo-1 N mm
2010
mm

% N mm
2010
mm

%
2010
mm

%

Saipan
15°N,146°E

NA NA 414.8 342.4 82.5 1293.1 1036.8 80.2 1379.2 80.8

Guam
13°N,145°E

+0.29
+0.52

-0.07
+0.28

612.1 466.9 76.3 1555.5 1484.1 95.4 1951.0 90.0

Yap
9°N,138°E

-+0.75
+2.08

+1.12
+2.07

1168.9 804.9 68.9 1818.6 1957.8 107.7 2762.8 92.5

palaU

7°n,134°e
+0.04
-0.22

-0.07
+0.39

1724.7 1030.7 59.8 2043.9 1676.9 82.0 2707.6 71.8

Chuuk
7°N,152°E

+0.63
+1.33

-0.31
+1.23

1538.0 1553.0 101.0 1864.9 2093.2 112.2 3646.2 107.2

Pohnpei
7°N,158°E

+0.35
-0.82

+0.10
-0.10

2277.6 2122.9 91.6 2411.5 2068.8 85.1 4191.8 88.3

Kapinga
1°N,155°E

NA
NA

NA
NA

1670.8 1956.1 117.1 1123.7 312.9 27.8 2269.0 81.2

Kosrae
5°N,163°E

+0.57
+1.66

-0.47
+0.56

2387.3 20.93.2 79.5 2128.8 1845.8 78.2 3939.0 78.9

Majuro
7°N,171°E

+0.57
+1.91

-0.18
+1.08

1455.4 1517.1 104.2 1888.7 2337.3 123.8 3854.5 115.3

Kwajalein
9°N,168°E

+0.43
+0.80

0.00
+0.14

959.6 660.2 68.8 1590.5 1557.3 97.9 2217.4 87.0

Table 7.4. Maximum and minimum temperature anomalies and rainfall anomalies for se-
lected Micronesian locations for January through June 2010 (Jan–Jun) and for July through 
December 2010 (Jul–Dec). Maximum and minimum temperature anomalies are in degrees 
Celsius per month (°C mo-1) for the indicated periods and rainfall anomalies are in mil-
limeters (mm) for the indicated periods. “N” is the normal rainfall taken from the NCDC 
1971–2000 base period.  Locations (latitude and longitude) are approximate. NA indicates 
that the temperature normals are not available from NCDC. Kapinga stands for Kap-
ingamarangi Atoll in pohnpei State, federated States of Micronesia (fSM).
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Sea surface temperatures around Chuuk and Yap 
were 1°C–2°C warmer than normal, and this may have 
influenced their rather large respective average minT 
anomalies of +1.66°C and +2.08°C.  Farther east, 
Pohnpei experienced January–June maxT anomalies 
of +0.35°C and minT anomalies of -0.82°C.  Still 
farther east, anomalies at Kosrae were larger (maxT 
+0.57°C for January–June), as a result of clearer 
weather and higher SSTs. At the eastern end of the 
region, Majuro had warmer-than-normal January–
June average maxT anomalies of +0.57°C and minT 
anomalies of +1.91°C.  Farther north at Kwajalein, av-
erage maxT (+0.43°C) and minT (+0.80°C) anomalies 
for the first six-month period were both warmer than 
normal, but not as warm as at Majuro. 

Temperatures for July–December were closer to 
normal than those during the first half of the year 
at most locations. As in the first half of the year, Yap 
showed the greatest anomalies with a maxT of +1.12°C 
and a minT of +2.07°C. MaxT and minT anomalies 
were small for the last six months of the year at Pohn-
pei, Kwajalein, and Guam. MaxT and minT anomalies 
at Chuuk (-0.31°C and +1.23°C), Kosrae (-0.47°C and 
+0.56°C), and Majuro (-0.18°C and +1.08°C) were 
larger than normal, especially the minT values.

(iii) Precipitation
Precipitation was typical for a year that begins with 

El Niño conditions and ends with La Niña conditions. 
In the first half of the year, the western half of the ba-
sin and islands north of 8°N were drier than normal, 
while most of the islands east of 150°E were either 
drier than normal or near normal. Palau’s rainfall for 
the first six months was only 59.8% of normal, while 
Yap was 68.9%, and the rainfall amounts at Guam and 
Saipan in the Mariana Islands were 76.3% and 82.5% 
of normal, respectively. Conditions at Kwajalein and 

Kosrae were also dry with 68.8% and 79.5% of 
normal rainfall, respectively. Several islands 
(Chuuk, Pohnpei, and Majuro) experienced 
near normal rainfall. 

During the last half of the year, most loca-
tions saw a 20%–30% increase in rainfall over 
the first half of the year as El Niño gave way to 
La Niña. From west to east across Micronesia, 
Palau rainfall increased to 82.0% above nor-
mal (a 22.2% increase from the January–June 
average); Yap rainfall increased to 107.7% 
(+38.8%); Chuuk increased to 112.2% (+11.2%); 
Majuro to 123.8% (+19.6%); Kwajalien to 97.9% 
(+29.1%); and Guam to 95.4% (+19.1%). Rain-
fall at Pohnpei and Kosrae were less than ex-

pected, partly as a result of the unusually far westward 
and northward extent of the equatorial wedge of cold 
SSTs and its effect on the trade wind trough. 

A major exception to the Micronesian rainfall 
pattern was at the near-equatorial location of Kap-
ingamarangi Atoll (1°N, 155°E) in Pohnpei State of the 
Federated States of Micronesia, where it was wetter 
than normal (117%) during the first half of the year 
in response to the El Niño-induced equatorial warm 
SSTs. Once the La Niña pattern set in, warm equa-
torial SSTs were replaced by a cool tongue of SSTs, 
and conditions at Kapingamarangi became very dry 
(27.8% of normal) through the end of 2010 and into 
2011. The Weather Forecast Office in Guam issued 
weekly Drought Information Statements for the Atoll 
from August 2010 well into 2011.

For the most part throughout Micronesia, rainfall 
for the first and second halves of 2010 was between 
75% and 125% of average. Of the major islands, an-
nual rainfall amounts ranged from a high of 4191.8 
mm at Pohnpei (88.3% of normal) to a low of 1379.2 
mm at Saipan in the U.S. Commonwealth of the 
Northern Mariana Islands (80.8% of normal). Palau at 
the western edge of the area was also dry with 2707.6 
mm (71.8% of normal), while Majuro at the eastern 
edge of the area was wet with 3854.5 mm (115.3% of 
normal). The six-month and annual rainfall values for 
selected locations are summarized in Table 7.4. Figure 
7.50 shows the annual rainfall amount and percent of 
normal for the major Micronesian islands.

(iv) Notable events
Tropical cyclone activity in 2010 was at record low 

levels in the western North Pacific (see section 4d4) 
and it was virtually non-existent across Micronesia. 
Only two tropical cyclones developed in Micronesia, 
and both were in the northwest part of the region. 

Fig. 7.49. Time series of MaxT (red) and MinT (blue) at An-
dersen Air force base, Guam. Values are 12-month moving 
average of the monthly averages. General features of this time 
series are: a substantial warming trend, a peak of MaxT and 
MinT in the late 1990s, and recent cooling during the 2000s.
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Neither intensified significantly until after moving 
west of 130°E longitude and neither tropical cyclone 
affected populated locations of Micronesia.

The high sea levels that prevailed in 2007 to early 
2009 began to fall by mid-2009 as El Niño conditions 
reduced the easterly wind stress that caused water to 
mound up in the west of the basin. The development 
of oceanic Kelvin waves also caused much of the 
heat content in the upper 300 meters of the ocean to 
be transported eastward toward Central and South 
America, reducing ocean volume in the equatorial 
western Pacific and causing sea levels to fall. This 
fall in sea level reduced the incidence of destructive 
coastal inundation events in the Micronesian islands 
during the latter half of 2009 and early 2010. After La 
Niña became re-established, the strengthening trade 
winds increased the easterly wind stress, and once 
again, water began to mound up in the west of the 
basin. This caused warm water to mix downward, 
increasing the oceanic volume and causing sea levels 
to further rise by the last three months of the year.

After the El Niño peaked in late 2009, sea levels 
in Micronesia reached their lowest levels around 
February 2010. The lowest anomalies (compared to 
the 1975–95 average) occurred in the west at Palau 
(-16 cm) and Yap (-12 cm) and diminished eastward 
at Chuuk and Pohnpei to around 0 cm. At some loca-
tions, sea level anomalies remained positive, such as at 
Marshall Island locations where the lowest anomalies 
were +5 cm, and at Guam (+6 cm). The sea level in 
Micronesia increased from boreal spring and grew 
most rapidly towards the end of the year, reaching 
their highest values in November and December. 
Average anomalies ranged from +18 cm to +20 cm at 
Palau, Yap, Chuuk and Guam to +23 cm at Pohnpei. 

Positive sea level anomalies occurred despite the re-
duced ocean volume (and reduced sea level) resulting 
from the cooler-than-normal equatorial SSTs.

3) aUStralia— C. ganter and S. tobin
(i) Overview
Australia experienced its second wettest year on 

record in 2010. As is typical during strong La Niña 
events, 2010 brought with it significant flooding, es-
pecially in the eastern states. The year was the wettest 
on record for Queensland and the Murray-Darling 
Basin, third-wettest for the Northern Territory, New 
South Wales, and South Australia, and fifth-wettest 
for Victoria. In stark contrast, southwest Western 
Australia had its driest year, austral winter (June–
August), and growing season (April–October) on 
record, while Tasmania received near-average rainfall. 
Unless otherwise noted, anomalies in this section are 
relative to a 1961–90 base period.

(ii) Temperature 
Despite widespread rainfall and increased cloudi-

ness, the national mean temperature for 2010 
remained above average (22.0°C, +0.19°C above 
average). Although this was Australia’s coolest year 
since 2001, the last decade (2001–10) was the warmest 
10-year period on record (0.52°C above average). In 
2010, overnight minimum temperatures (Fig. 7.51) 
were the eighth highest on record (0.59°C above aver-
age). Mean maximum temperatures (Fig. 7.52) were 
0.21°C below average.

Annual maximum temperature anomalies ex-
ceeded +0.5°C across most of Western Australia, 
the far north, and Tasmania. Cool anomalies below 
-0.5°C were recorded across much of inland New 
South Wales, Queensland, South Australia, and the 
Northern Territory. The warmest anomalies were in 
the west of Western Australia (+1.5°C) and the coolest 
in the southeastern Northern Territory ( 2.5°C). 

Annual minimum temperatures were above aver-
age through most of Australia, especially along the 
northern coasts, in part due to record high sea surface 
temperatures. Minimum temperature anomalies ex-
ceeded +2.0°C in parts of the Northern Territory and 
inland of Cairns in Queensland. Below-average mini-
ma occurred in southwest Western Australia, around 
Port Augusta in South Australia, and through areas 
of interior Australia. The largest negative anomalies 
(-0.5°C) were in western Queensland. 

The largest positive maximum temperature 
anomalies occurred in February; +5.0°C in areas of 
the Pilbara and Gascoyne in Western Australia. April 

Fig. 7.50. Annual rainfall as a percentage of normal 
(NCDC 1971–2000 base period) for selected locations 
on various Micronesian islands for 2010. Kapinga stands 
for Kapingamarangi Atoll in pohnpei State, federated 
States of Micronesia (fSM).
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temperatures were above normal, particularly in the 
west. The Australia-wide, area-averaged April anom-
aly (+1.68°C) was the second highest on record. 

The tropics were particularly warm for July–
September, with widespread areas of record high 
means and minima. The largest positive anomalies 
were recorded for July, with minima 4°C–6°C higher 
than usual across large parts of northern Australia. 
Below-average maxima covered most of the remain-
der of Australia in September, and most of Australia, 
except the far west, in October; anomalies of -4.0°C 
in central Australia were associated with record high 
rainfall in the region. 

Below-average temperatures were most widely re-
corded in November; maxima were more than 5°C be-
low average across a large area of inland Queensland, 
while minima were more than 3°C below average in 
a large area of central Australia. 

(iii) Precipitation
Australia’s mean annual rainfall for 2010 was 701 

mm, 51% above average (465 mm) and second highest 
since records began in 1900. Above-average rainfall 
was recorded in all months except June. Rainfall 
was significantly above average in all states except 
Tasmania and Western Australia (Fig. 7.53). Record 
totals fell across southern Queensland, parts of cen-
tral Australia and the far north, New South Wales, 
Victoria, and South Australia. Southwest Western 
Australia had its driest year on record—395 mm, well 
below the previous low of 439 mm set in 1940.

For parts of the southeast, particularly Victoria 
and South Australia, 2010 was the first year of above-
average rainfall since 1996. Similarly, 2010 marked 
a reversal of dry conditions which had dominated 
since 2001 across Queensland and New South Wales, 
including much of the nation’s food basket in the 
Murray-Darling Basin. Areas along the eastern coast 
of New South Wales and south of the Great Dividing 
Range in Victoria, where relationships between La 
Niña and rainfall are weaker, received near-average 
rainfall. 

January–March rainfall was generally above 
average, especially in northern Queensland and 
the Northern Territory during January, and across 
the central interior and east during February and 
March. However, it was dry in the west of Western 
Australia, where Perth Airport experienced a record 
122 consecutive rainless days between 20 November 
2009 and 22 March 2010.

April and May saw above-average rain in much of 
Australia (except for the east coast and west of West-
ern Australia), including record falls around the Gulf 

Fig. 7.53. Australian annual rainfall deciles (since 1900) 
for 2010. 

Fig. 7.52. Australian mean annual maximum tempera-
ture anomalies (base period of 1961–90) for 2010.  

Fig. 7.51. Australian mean annual minimum tempera-
ture anomalies (base period of 1961–90) for 2010. 
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of Carpentaria and central South Australia in April, 
and in the northwest in May. June rainfall Australia-
wide was the fourth-lowest on record, and was the 
only month in which the tropics saw consistently dry 
conditions typical of the season.

Record-breaking rain fell in the interior and 
northwest in July; in northern, central, and eastern 
Australia in August; throughout northern and central 
Australia and western New South Wales in October; 
and was exceptionally widespread in September. No-
vember and December saw very-much-above-average 
rainfall in Queensland, New South Wales, Victoria, 
and eastern South Australia. Record-breaking De-
cember rain fell in southeast Queensland and in a 
large area of Western Australia around Carnarvon. 
Averaged over Australia, austral spring (September–
November), the July–December period, and Decem-
ber were the wettest on record.

(iv) Notable events
The most notable aspect of Australia’s climate dur-

ing 2010 was the numerous flooding events resulting 
from the La Niña event (see Sidebar 7.9).

Early in the year, there were two occurrences of 
severe thunderstorms producing damaging large 
hailstones. The first, which occurred in Melbourne 
on 6 March, produced heavy rain, strong wind gusts, 
and hailstones over 5 cm in diameter across a large 
area of Melbourne’s suburbs, including a 10-cm 
hailstone, a record for the Melbourne region. There 
was also widespread severe thunderstorm activity 
from 5 to 7 March across central and north central 
Victoria, stretching into southern New South Wales. 
The second notable occurrence of severe thunder-
storms occurred on 22 March in Perth, producing 
heavy rain, severe winds, and large hail, including a 
6-cm hailstone in the northwest suburbs, a record for 
Perth. Both storms caused insured losses exceeding 
$1 billion (U.S. dollars). 

The northern tropics of Australia experienced very 
warm temperatures, particularly minima, through 
winter, with coastal areas and islands strongly influ-
enced by abnormally high sea surface temperatures. 
On 26 July, Cape Don in the Northern Territory set 
an Australian record high minimum for July with 
26.9°C. Darwin (26.6°C) also broke the previous 
record. Timber Creek and Bradshaw (both 37.5°C 
on 30 July) set a new July maximum record for the 
Northern Territory, just 0.1°C short of the Australian 
record. Richmond recorded a maximum of 36.1°C 
on the same day, a Queensland record. In August, 
Horn Island and Coconut Island in the Torres Strait 

broke the previous Queensland record high minimum 
temperature for the month, 25.4°C, on no fewer than 
24 separate occasions between them, with 26.8°C at 
Horn Island, on 19 August, the new record. 

While northern Australia was very warm during the 
2010 austral winter (JJA), southern Western Australia 
had persistently low minimum temperatures during 
late June and early July, associated with unusually dry 
conditions. Norseman Aerodrome (on the western 
Nullarbor) recorded a minimum of  6.0°C on 27 June, 
equaling the Western Australian June record. 

Four tropical cyclones made landfall in Australia 
in 2010, Olga, Paul, Tasha, and Ului. Wind damage 
was generally minor but all contributed to flooding.

Significant statistics
Mean annual maximum temperature anom-•	
aly: –0.21°C
Mean annual minimum temperature anom-•	
aly: +0.59°C
Mean annual rainfall anomaly: +51% (second •	
highest of 111-year record)
Highest annual mean temperature: 29.6°C, •	
Wyndham (Western Australia)
Lowest annual mean temperature: 4.3°C, •	
Thredbo (New South Wales)
Highest annual total rainfall: 12 438 mm, Bel-•	
lenden Ker Top Station (Queensland) – second 
highest on record (record 12 461 mm, set in 
2000 at the same station)
Highest temperature: 49.2°C, Onslow (West-•	
ern Australia), 1 January
Lowest temperature: –19.6°C, Charlotte Pass •	
(New South Wales), 20 July – second lowest on 
record (record –23.0°C, set on 29 June 1994 at 
the same station)
Highest one-day rainfall: 443 mm, Bulman •	
(Northern Territory), 31 March 
Highest wind speed (measured): 202 km hr•	 -1, 
Hamilton Island (Queensland), 21 March

4) neW Zealand—g. M. griffiths
(i) Overview
Annual mean sea level pressures were above aver-

age in the New Zealand region in 2010. The increased 
prevalence of anticyclones near New Zealand pro-
duced a relatively settled and mild climate for the year 
overall, with average or above-average annual tem-
peratures in all regions, and normal or above-normal 
annual sunshine hours in most regions. There were 
relatively few rainfall extremes. The Southern An-
nular Mode (SAM), which affects the westerly wind 
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SIDEbAR 7.9: AUSTRALIA, A LAND Of (DROUGhT AND) fLOODING 
RAINS—C. gAntER AnD S. toBin

3Australian rainfall deciles based on a 111-year climatology of grid-
ded fields from 1910 to 2010. Decile range 1 means the lowest 
10% of records, decile range 2 the next lowest 10% of records,..., 
decile 10 the highest 10% of records.

Note: Many Australians, and visitors to Australia, will be fa-
miliar with Dorothea Mackellar’s iconic poem “My Country”. 
First published in 1908, the poem describes the breaking of a 
drought, highlighting the contrast and extremes found within 
the Australian landscape and climate. The well-known second 
stanza, from which the title of this box is derived, is given 
below-

I love a sunburnt country, 
A land of sweeping plains, 

Of ragged mountain ranges,
Of droughts and flooding rains.

I love her far horizons, I love her jewel-sea,  
Her beauty and her terror -
The wide brown land for me!

   Australia experienced flooding across many regions dur-
ing 2010. Much of the flooding occurred in the second half 
of the year, during the strong La Niña event in the Pacific. In 
addition, record high tropical sea surface temperatures near 
Australia for 2010, partly associated with La Niña, fed extra 
moisture into the region. The flooding events listed here are 
the most significant for 2010, but by no means represent an 
exhaustive list. 
   The first major flooding for the year occurred in late 
February and early March. A monsoon low passed over the 
Northern Territory and into southern Queensland, continuing 
through northern New South Wales. This system produced 
heavy rainfall in its path, resulting in widespread, and in places 
record-breaking, flooding. Major flooding occurred in most of 
the catchments in southern inland Queensland, and some of 
these areas had their highest river peak on record. The rainfall 
on 2 March 2010 was Queensland’s wettest day on record 
(area-average of 32 mm) and daily falls exceeded 100 mm over 
1.9% of the country (a record), indicating the wide extent of 
the heavy rains. This event also brought significant flooding 
downstream in northwest New South Wales, with some areas 
remaining affected by flood waters well into April. 
   The second major flooding event occurred during September 
in northern Victoria. A complex low pressure system moved 
over Victoria on 3–4 September, producing widespread 
heavy rainfall along and north of the Divide. Some locations 
in northern Victoria had new record flood peaks as a result 
of this event. There were further floods on various rivers in 
northern Victoria and southern New South Wales over the 
following weeks. Although these were generally less significant, 
an event in mid-October caused substantial damage in parts 
of the Riverina region of New South Wales. 

   The Gascoyne region, located along the central coast of 
Western Australia, stretching inland, experienced one of the 
most extreme rainfall events in 2010. A monsoon low passed 
over the region during mid-December, producing heavy falls 
and flooding. Carnarvon Airport recorded 207.8 mm on 17 
December, almost tripling its annual rainfall total to date in one 
day and far surpassing its previous daily record of 102.6 mm on 
13 July 1998. Historically, rainfall events during December in 
this region are rare. Besides a single daily total of 77 mm during 
1995, prior to this event Carnarvon Airport hadn’t recorded a 
December total above 6 mm in its 66 years of record.
   The final major flooding event of 2010 continued through the 
last weeks of the year, and was the result of four rain events 
affecting eastern Australia between late November through 
to the end of December (flooding continued into early 2011). 
These rain events were mostly the result of persistent inland 
troughs over eastern Australia; however one was the result of 
a combination of moist easterly flow over Queensland, with 
further moisture brought in by the circulation associated with 
Tropical Cyclone Tasha. The most severe flooding occurred in 
Queensland and far northern and central western New South 
Wales during the last week of December, with downstream 
impacts continuing into January 2011. These events resulted in 
the wettest December on record for Queensland and eastern 
Australia as a whole (includes Queensland, New South Wales, 
Victoria and Tasmania). See Fig. 7.54 for Australian December 
rainfall deciles3 .

Fig. 7.54. Australian rainfall deciles for December 2010. 
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strength and location over and to the south of New 
Zealand, was strongly positive overall in 2010, and 
contributed to the prevalence of anticyclones experi-
enced over the country. In the following discussion, 
the base period is 1971–2000 for all variables. The 
New Zealand national temperature is based upon a 
seven-station record found at http://www.niwa.co.nz/
our-science/climate/news/all/nz-temp-record/seven-
station-series-temperature-data. 

(ii) Temperature
Mean annual temperatures (Fig. 7.55) were above 

average (between 0.5°C and 1.2°C above the long-
term average) in the northeast of the North Island and 
for much of the South Island (Nelson, Marlborough, 
parts of Canterbury, Fiordland, parts of Westland, the 
southern Lakes District, and central Otago). Mean 
annual temperatures were near average elsewhere 
(within 0.5°C of the long-term average). The national 
average temperature for 2010 based on a seven-station 
series was 13.1°C, 0.5°C above the 1971–2000 annual 
average. The year 2010 was the fifth warmest year 
since 1900, based on this seven-station series. 

Of the 12 months of 2010, seven (February, April, 
May, August, September, November, and December) 
were warmer than normal, one (October) was cooler 
than normal, and four (January, March, June, and 
July) were near normal. The largest positive anomalies 
were in the northeast of the North Island (Northland, 
Auckland, and Bay of Plenty), in the northeast of the 
South Island (Marlborough and north Canterbury), 
and in Fiordland and central Otago.

(iii) Precipitation
Annual rainfall totals for 2010 were in the near-

normal range (80%–119% of normal) across most of 
New Zealand. The exceptions were eastern parts of 
the North Island (specifically Coromandel, parts of 
the Bay of Plenty, Gisborne, Hawke’s Bay, and Waira-
rapa), Blenheim, parts of North Canterbury, and 
southwest Fiordland, which experienced above nor-
mal annual rainfall (with totals greater than or equal 
to 120% of normal). In contrast, areas of Northland, 
Auckland and Waikato, Otago, the Lakes District, 
and parts of the West Coast and Buller recorded 
below normal annual rainfall totals (between 50% 
and 79% of normal).

Dry conditions predominated in many areas dur-
ing February–April, July, and in October–November. 
The year began and ended with very large soil 
moisture deficits and drought conditions in several 
North Island regions, and in parts of the east of the 
South Island. January, May, August, and September 
saw predominantly wet conditions in many regions. 
There was also significant rainfall in the last week 
of December, affecting mostly western regions and 
the Nelson/Marlborough area (northern South Is-
land). The highest recorded rainfall for the year was 
at Cropp River in the Southern Alps (12 374 mm), 
while the lowest recorded rainfall total was 345 mm 
at Alexandra in Central Otago.

(iv) Notable Events
Notable climate features of 2010 (in various parts 

of the country) included two droughts, several heat 
waves, and four significant rainfall events. Drought 
was declared in January in Northland, and in Auck-
land, Waikato, Bay of Plenty, South Taranaki, South 
Canterbury, and Otago during April. The drought 
broke in May, only to be declared again in December 
in Northland, Waikato, and the Ruapehu District. 

Heat waves affected the West Coast at the end of 
January, Central Otago on 8–9 March, and numerous 
locations on 28–30 November, 12–15 December, 22 
December, and 27 December. Many all-time station 

Fig. 7.55. New zealand annual mean temperature 
anomaly (°C) for 2010 relative to 1971–2000 average.
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maximum temperature records were set during these 
events. 

Exceptionally heavy rain occurred on 31 January 
in the northeast North Island. Widespread heavy 
rain and flooding occurred in the southwest South 
Island from 25–27 April, resulting in flood-threshold 
levels of Lake Wakatipu; and a sustained period of 
heavy rain during 24–30 May in the eastern South 
Island caused numerous floods, slips, road and prop-
erty damage. On 28 December, heavy rain, flooding, 
and high winds caused havoc for many areas of the 
country.

An extremely significant snowfall event occurred 
during 15–23 September, with heavy snowfalls, high 
winds, and extremely cold conditions observed in 
the southwest of the South Island. On 18 September, 
conditions were particularly extreme, causing the roof 
of Stadium Southland in Invercargill to collapse due 
to snow. Other parts of Southland were also affected, 
meaning milk was unable to be collected because of 
dangerous roads, and thousands of lambs were lost 
across the region.

Significant statistics
The highest annual mean temperature for •	
2010 was 16.5°C, recorded at Whangaparaoa 
(Auckland). 
The lowest annual mean temperature (not •	
including remote alpine sites) for 2010 was 
8.0°C, recorded at Chateau Ruapehu (central 
North Island).
Of the regularly reporting gauges, Cropp •	
River in the Hokitika River catchment (West 
Coast) recorded the highest annual rainfall 
total of 2010, with 12 374 mm.
The driest of the regularly reporting loca-•	
tions was Alexandra (Central Otago), which 
recorded 345 mm of rainfall in 2010.
Milford Sound experienced the highest 1-day •	
rainfall in 2010 (314 mm), recorded on 25 
April.
The highest recorded air temperature in •	
2010 was 35.6°C, observed at Cheviot on 22 
February.
The lowest recorded air temperature for 2010 •	
was -12.6 ºC, recorded at Lake Tekapo on 10 
August.
The highest recorded wind gust for 2010 was •	
217 km hr-1 at Baring Head, Wellington, on 12 
March (a new all-time record there).
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8. SEASONAL SUMMARIES—M. Halpert
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Center, and
Bill Ward, NOAA/NWS/Pacific Region Headquarters.•	

The data found in various sections of the report are attrib-
utable to the home offices of the respective authors, unless 
otherwise noted. Further details on the datasets used are 
available from the following sources: 

All the data sources used in Chapter 2 are listed in •	
Table 2.1; 
“Monthly Ocean Briefing” slides from the Climate •	
Prediction Center, at http://www.cpc.ncep.noaa.gov/ 
products/GODAS; 
PDO index at http://jisao.washington.edu/pdo (Man-•	
tua et al. 1997); 
The Extended Reconstructed SST and Optimal Inter-•	
polation SST analysis products can be found at http://
lwf.ncdc.noaa.gov/oa/climate/research/sst/sst.php;
Objectively Analyzed air-sea Fluxes (OAFlux) project  •	
(http://oaf lux.whoi.edu) at Woods Hole Oceano-
graphic Institution (Yu and Weller 2007);
Ocean drifter data is distributed by NOAA/AOML at •	
http://www.aoml.noaa.gov/phod/dac/gdp.html; 
Moored ocean data is distributed by NOAA/PMEL at •	
http://www.pmel.noaa.gov/tao; 
OSCAR gridded currents are available at http://www. •	
oscar.noaa.gov/ and http://podaac.jpl.nasa.gov/; 
AVISO gridded altimetry is produced by SSALTO/ •	
DUACS and distributed with support from CNES, at 
http://www.aviso.ocean-obs.com/; 
Analyses of altimetry-derived surface currents are •	
available at http://www.aoml.noaa.gov/phod/altim-
etry/cvar; 
Atlantic Meridional Overturning Circulation esti-•	
mates from the Rapid-MOC/MOCHA/WBTS pro-
gram are available at http://www.noc.soton.ac.uk/ 
rapidmoc//rapid_data/rapid_transports.html; 
The Florida Current Transport time series is avail-•	
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able through the NOAA Western Boundary Time 
Series Program at http://www.aoml.noaa.gov/phod/ 
floridacurrent/data_access.php; 
U.S. CLIVAR/CO•	 2 Repeat Hydrography Program at 
http://ushydro.ucsd.edu/;
NOAA Hurricane classification at http://www.cpc. •	
noaa.gov/products/outlooks/background_informa-
tion.shtml; 
Tropical Cyclone Heat Potential and related products •	
at http://www.aoml.noaa.gov/phod/regsatprod/atln/ 
index.php; 
Global ocean surface ocean CO•	 2 levels from SOCAT at 
http://www.socat.info/ and http://cwcgom.aoml. noaa.
gov/erddap/griddap/aomlcarbonfluxes.graph; 
Sea-viewing Wide-Field-of-view Sensor (SeaWiFS) •	
Ocean Color at http://oceancolor.gsfc.nasa.gov/RE-
PROCESSING/R2009/; 
NOAA snow extent data record derived from opti-•	
cal satellite imagery at http://climate.rutgers.edu/ 
snowcover/; 
Integrated Global Radiosonde Archive at http://www. •	
ncdc.noaa.gov/oa/climate/igra/; 
Daily surveys of Greenland ice sheet marine terminat-•	
ing outlet glaciers from cloud free Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) visible 
imagery at http://bprc.osu.edu/MODIS/; 
The ozone depletion analysis is based upon data from •	
the NASA Aura satellites, in particular, the Koninklijk 
Nederlands Meteorologisch Instituut OMI and the Jet 
Propulsion Laboratory Microwave Limb Sounder; 
PSC information was obtained from the NASA Lan-•	
gley Research Center Calipso instrument; 
NOAA/NCEP provided analyses of satelite and bal-•	
loon stratospheric temperature observations; 
Sea ice data were obtained from the NASA Earth Ob-•	
serving System Distributed Active Archive Center at 
the U.S. National Snow and Ice Data Center, Univer-
sity of Colorado, Boulder at http://www.nsidc.org; 
GOME and SCIAMACHY observations are courtesy •	
of John Burrows, University of Bremen; 
Arctic surface air temperature CRUTEM 3v dataset, at •	
www.cru.uea.ac.uk/cru/data/temperature/; and 
Some information and figures for Chapter 7 was •	
compiled using the IRI Data library at http://iridl. 
ldeo.columbia.edu/.

Image credits: Front:  Whistler, British Columbia, 
February 2010 (AP Photo/Ricardo Mazalan). North 
America map: Figure 7.5 in report.  Back: Capitol 
Building in Washington, D.C., February 2010. ©iStock-
Photos.com/DaveNewman

AppendIx: Acronyms And 
AbbrevIAtIons

AAO Antarctic Ooscillation
ACE NOAA’s Accumulated Cyclone 

Energy Index
AGGI NOAA’s Annual Greenhouse Gas 

Index
AMO Atlantic Multidecadal Oscillation
AMSR-E Advanced Microwave Scanning 

Radiometer for Earth Observing 
System

AMSU Advanced Microwave Sounding 
Unit

AO Arctic Oscillation
AOD Aerosol optical depth
AOML Atlantic Oceanographic and 

Meteorological Laboratory 
AVHRR Advanced Very High Resolution 

Radiometer
AVISO Archiving, Validating, and 

Interpretation of Satellite 
Oceanographic data

CAMS Climate Anomaly Monitoring 
System

CERES Clouds and the Earth’s Radiant 
Energy System

CIIFEN International Research Center on 
El Niño

CLIVAR Climate Variability and 
Predictability

CNES Centre National d’Etudes Spatiales
CPC Climate Prediction Center
CPHC NOAA’s Central Pacific Hurricane 

Center
CRU Climate Research Unit
DU Dobson units
ECMWF European Centre for Medium-

Range Weather Forecasts 
ECV Essential climate variable
EECl Effective equivalent chlorine
EESC Effective equivalent stratospheric 

chlorine
ENSO El Niño–Southern Oscillation
EOF Empirical orthogonal function
EOS Earth Observatory System
ERB Earth radiation budget
ERBE Earth Radiation Budget 

Experiment
ERSST, v3b Extended Reconstructed Sea 

Surface Temperature, version 3b
ESA European Space Agency
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ESRL Earth System Research Laboratory
EU European Union 
FAO Food and Agriculture Organization
FAPAR Fraction of Absorbed 

Photosynthetically Active 
Radiation

FLASHflux Fast Longwave and Shortwave 
Radiative Fluxes

GCOS Global Climate Observing System
GHCN Global Historical Climatology 

Network
GISS NASA’s Goddard Institute of Space 

Studies
GOME Global Ozone Monitoring 

Experiment
GPCC Global Precipitation Climatology 

Centre
GPCP Global Precipitation Climatology 

Project
GPI Genesis potential index 
GRACE Gravity Recovery and Climate 

Experiment
HadAT Hadley Centre’s radiosonde 

temperature product
HadCRUT3 Hadley Centre/CRU gridded 

monthly temperatures dataset
HadGEM1 Hadley Centre global model
HIRS-W High Resolution Infrared Sounder
hPa Hectopascal (1 mb)
ICPAC IGAD Climate Prediction and 

Applications Centre
IO Indian Ocean 
IOD Indian Ocean dipole
IPCC Intergovernmental Panel on 

Climate Change
ISCCP International Satellite Cloud 

Climatology Project
ITCZ Intertropical convergence zone
JGOFS Joint Global Ocean Flux Study
JMA Japanese Meteorological Agency
JPL Jet Propulsion Laboratory 
JRA Japanese Reanalysis
JTWC U.S. Navy’s Joint Typhoon Warning 

Center
LHF Latent heat flux
MDR Main Development Region
MERIS Medium Resolution Imaging 

Spectrometer
MISR Multiangle Imaging 

SpectroRadiometer
MJO Madden–Julian oscillation
MLS Microwave Limb Sounder

MOC Meridional overturning current
MOCHA Meridional Overturning 

Circulation Heat Transport Array 
MODIS Moderate Resolution Imaging 

Specroradiometer
MSLP mean sea level pressure
MSU Microwave Sounding Unit
NAM Northern annular mode
NAO North Atlantic Oscillation
NASA National Aeronautics and Space 

Administration
NCAR National Center for Atmospheric 

Research
NCDC National Climatic Data Center
NCEP National Center for Environmental 

Prediction
NDVI Normalized Difference Vegetation 

Index
NERC National Environmental Research 

Council
NH Northern Hemisphere
NHC National Hurricane Center
NIO Northern Indian Ocean
NOAA National Oceanic and Atmospheric  

Administration
NOMADS National Operational Model 

Archive and Distribution System
NS Named storm
NSIDC National Snow and Ice Data Center
NWS National Weather Service
OAFlux Objectively Analyzed Air–Sea 

Fluxes
ODGI Ozone Depleting Gas Index
OHCA Ocean heat content anomaly
OISST v2 Optimal Interpolation SST version 

2
OLR Outgoing longwave radiation
OMI Ozone Monitoring Instrument
ONI Oceanic Niño Index 
OPI OLR precipitation index
OSCAR Ocean Surface Current Analysis–

Real Time
PATMOS (-x) Pathfinder Atmospheres (Extended 

Product)
pCO2 Carbon dioxide partial pressure
PDO Pacific decadal oscillation
PIRATA Pilot Research Array in the Tropical 

Atlantic
PMEL Pacific Marine Environmental 

Laboratory
ppb Parts per billion
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ppm Parts per million
ppmv Parts per million by volume
ppt Parts per trillion
PSS Practical salinity scale
QBO Quasi-biennial oscillation
QuikSCAT Quick Scatterometer
RAMA Research Moored Array for 

African-Asian-Australian Monsoon 
Analysis Prediction

RAOBCORE Radiosonde Observation Correction
RATPAC Radiosonde Atmospheric 

Temperature Products for 
Assessing Climate

RICH Radiosonde Innovation Composite 
Homogenization

RSS Remote Sensing Systems
SAM Southern annular mode
SBUV Solar Backscatter Ultraviolet
SCD snow covered duration
SCE snow cover extent
SCIAMACHY Scanning Imaging Absorption 

Spectrometer for Atmospheric 
Chartography

SeaWiFS Sea-viewing Wide Field of View
SH Southern Hemisphere
SHF Sensible heat flux
SIO Southern Indian Ocean
SLP Sea level pressure
SOI Southern Oscillation index 
SPCZ South Pacific convergence zone
SSALTO/DUACS Segment Sol Multimission 

Altimetry and Orbitography/
Developing Use of Altimetry for 
Climate Studies

SSM/I Special Sensor Microwave Imager
SSS Sea surface salinity
SST Sea surface temperature
SSTA Sea surface temperature anomaly
Sv Sverdrup (1 Sv ≡ 106 m3 s–1)
TAO Tropical Atmosphere Ocean
TC Tropical cyclone
TCHP Tropical cyclone heat potential 
TCWV Total column water vapor
TMI Tropical Rainfall Measuring 

Mission Microwave Imager 
TOA Top of atmosphere
TOMS Total Ozone Mapping Spectrometer
TRITON Triangle Trans-Ocean Buoy 

Network
TRMM Tropical Rainfall Measuring 

Mission
WBC Western boundary current

w.e. water equivalent
WGMS World Glacier Monitoring Service
WHOI Woods Hole Oceanographic 

Institute
WMO World Meteorological 

Organization
WOA World Ocean Atlas 
WOCE World Ocean Circulation 

Experiment
XBT Expendable bathythermograph
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