
7. REGIONAL CLIMATES—A. Mekonnen, J. A. Renwick,   
and A. Sánchez-Lugo, Eds.

a. Overview 
This chapter provides summaries of the 2016 tem-

perature and precipitation conditions across seven 
broad regions: North America, Central America and 
the Caribbean, South America, Africa, Europe, Asia, 
and Oceania. In most cases, summaries of notable 
weather events are also included. Local scientists 
provided the annual summary for their respective 
regions and, unless otherwise noted, the source of the 
data used is typically the agency affiliated with the au-
thors. Please note that different nations, even within 
the same section, may use unique periods to define 
their normals. Section introductions will typically 
define the prevailing practices for that section, and 
exceptions will be noted within the text. In a similar 
way, many contributing authors use languages other 
than English as their primary professional language. 
To minimize additional loss of fidelity through re-
interpretation after translation, editors have been 
conservative and careful to preserve the voice of the 
author. In some cases, this may result in abrupt transi-
tions in style from section to section.  

b. North America
This section is divided into three subsections: 

Canada, the United States, and Mexico. Information 
for each country has been provided by local scientists, 
and the source of the data is from the agency affili-
ated with the authors. Due to the different sources 
of data, anomalies can be reported using different 
base periods.

Warmer-than-average conditions engulfed much 
of North America during 2016, with all three coun-
tries experiencing warmth that ranked in the top 
four in their respective records. Precipitation varied 
greatly from region to region, but overall Alaska, 
Canada, and the contiguous U.S. had wetter-than-
average conditions during 2016, while Mexico expe-
rienced drier-than-average conditions. 

1) Canada—R. Whitewood, L. A. Vincent, and D. Phillips
In Canada, 2016 was characterized by warmer-

than-average temperatures stretching from the 
northwest to the central regions. This pattern was also 
evident during winter (December–February) 2015/16 
when drier-than-average conditions were recorded 
over the same regions.  

(i) Temperature
The annual average temperature in 2016 for Can-

ada was 2.1°C above the 1961–90 average, resulting 

in the fourth warmest year since nationwide records 
began in 1948 (Fig. 7.1). Four of the ten warmest 
years have occurred during the last decade, with 2010 
experiencing record warmth (+3.0°C). The national 
annual average temperature has increased by 1.7°C 
over the past 69 years. Spatially, annual departures 
above +2°C were recorded from the northwest to the 
central regions (Fig. 7.2a), which resulted in six prov-
inces/territories having annual average temperatures 
among their four highest: Yukon (warmest year), 
British Columbia, Alberta, and Saskatchewan (second 
warmest), and Northwest Territories and Nunavut 
(third and fourth warmest, respectively). 

Seasonally, winter was 4.0°C above average—the 
second warmest winter on record, behind the winter 
of 2009/10. The national winter average temperature 
has increased by 3.3°C over the past 69 years. Winter 
anomalies above +4°C were recorded from the 
northwest to the Atlantic coast, and most provinces/
territories had winter average temperatures among 
their four warmest: Yukon and Atlantic provinces 
(warmest), Northwest Territories (second warmest), 
Ontario (third warmest), and Alberta, Saskatchewan, 
and Manitoba (fourth warmest). During the spring 
(March–May), the pattern of warmer-than-average 
conditions continued in the western and central 
regions, but colder-than-average temperatures were 
recorded in Quebec and Atlantic provinces. The 
nationally averaged temperature for spring 2016 
was 1.6°C above the 1961–90 average and the 10th 
warmest on record. The Yukon, British Columbia, 
and Alberta each had their warmest spring on record.

Summer (June–August) was 1.2°C above average 
and was the fourth warmest since 1948. Most of the 
Yukon, Northwest Territories, and Nunavut expe-
rienced summer anomalies above +2°C; Nunavut 

Fig. 7.1. Annual average temperature anomalies (°C; 
1961–90 base period) for Canada for 1948–2016. Red 
line is the 11-year running mean. (Source: Environment 
and Climate Change Canada.)
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had its fourth warmest summer on record. Sum-
mer temperatures for the remainder of the country 
were slightly above or near average. During autumn 
(September–November), the central regions of the 
country, from Saskatchewan to western Quebec and 
the north, from western Northwest Territories to 
Nunavut, experienced temperature anomalies above 
+3°C, while the remainder of the country was slightly 
above or near average. The nationally averaged tem-
perature was 2.4°C above the 1961–90 average, mark-
ing the second warmest autumn on record, behind 
only 1998. Four provinces/territories had autumn 
average temperatures among their four highest: 
Manitoba and Ontario (warmest) and Saskatchewan 
and Nunavut (fourth warmest).

(ii) Precipitation
Canada as a whole experienced slightly wetter-

than-average annual precipitation conditions in 2016. 
Based on preliminary data, it was the 16th wettest 
year since nationwide records began in 1948, with 
nationally averaged precipitation 105% of the 1961–90 
average. The nationally averaged annual precipita-
tion amounts have increased by 17.6 mm since 1948. 

Wetter-than-average conditions were observed in 
Saskatchewan and Manitoba, whereas only small 
areas in northern British Columbia, southern Yukon, 
northwestern Quebec, and Baffin Island recorded 
drier-than-average conditions (Fig. 7.2b). Two prov-
inces had annual average precipitation totals among 
their three highest: Saskatchewan (wettest year) and 
Manitoba (third wettest).

Seasonally, winter 2015/16 was the 18th driest 
since 1948, with the national average precipitation 
95% of the 1961–90 average. Drier-than-average 
conditions were recorded from the northwest to 
the central regions and, in the north, from eastern 
Nunavut to northern Quebec, Newfoundland, and 
Labrador; it was the fifth driest winter in the Yukon. 
Wetter-than-average conditions were observed over 
southern British Columbia, western Nunavut, eastern 
Ontario, and western Quebec. Spring 2016 was the 
13th wettest in the 69-year record with nationally 
averaged precipitation 109% of average. Wetter-than-
average conditions were recorded in northern Yukon, 
northern Northwest Territories, and in the Canadian 
Prairies, while small regions in central Nunavut, 
northern Ontario, and eastern Quebec observed 
drier-than-average conditions.

Summer 2016 was the wettest since 1948 (based on 
preliminary data), with the national average precipita-
tion 117% of the 1961–90 average. Wetter-than-aver-
age conditions were recorded in most regions across 
the country, notably in Saskatchewan (wettest sum-
mer) and Manitoba (second wettest). Autumn was 
the 25th wettest since 1948, with nationally averaged 
precipitation 105% of average. Wetter-than-average 
conditions were mainly experienced in southern 
British Columbia, Saskatchewan, Manitoba (wet-
test autumn), central Nunavut, and Newfoundland. 
Drier-than-average conditions were observed in the 
Yukon (second driest autumn), northern British Co-
lumbia, eastern Ontario, Quebec, and Baffin Island.

(iii) Notable events and impacts
A wildfire wreaked havoc southwest of Fort 

McMurray in northeastern Alberta, and neighbor-
ing communities in early May. At the start of the 
fire, an unusual hot and dry air mass was in place 
over northern Alberta, which brought record-high 
temperatures to Fort McMurray. On 3 May, the 
temperature reached 32.8°C and was accompanied 
by relative humidity as low as 12%. On 4 May, the 
temperature climbed to 31.9°C with wind gusting to 
72 km h−1. In addition, the winter and spring preced-
ing the fire were unusually warm and dry in northern 
Alberta (fourth warmest winter and warmest spring 

Fig. 7.2. Annual (a) average temperature anomalies 
(°C; 1961–90 base period) and (b) total precipitation 
anomalies in Canada (% departure). (Source: Environ-
ment and Climate Change Canada.)
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average minimum temperature and third highest 
annual average maximum temperature. 

in Alberta; seventh driest winter). These climate 
conditions contributed to the fire’s rapid growth. This 
wildfire became the most costly disaster in Canadian 
history with total damages reaching $3 billion (U.S. 
dollars) in insured losses and billions more in lost 
business and infrastructure (A more detailed analysis 
is provided in Sidebar 7.1.).

During summer 2016, the Canadian Prairies 
experienced one of its longest and most active storm 
season since statistics were first kept in 1991. Clusters 
of intense thunderstorms were more frequent. There 
were numerous reports of large hail, heavy rain, 
high winds, frequent lightning, and many localized 
events that included tornadoes, brief non-destructive 
landspouts, and microbursts. Tornadoes were more 
frequent—46 vortices compared to the 30-year aver-
age of 34. Altogether, there were 564 reported severe 
weather events including strong winds, heavy rain, 
tornadoes, and hail. Nearly two-thirds of these severe 
events were hailstorms, which caused damage and 
resulted in payouts for crop hail insurance claims 50% 
higher than the previous year’s costs and well above 
the average of the past five years.

2) United StateS—J. Crouch, A. Smith, C. Fenimore, and  
R. R. Heim Jr. 

The annual average temperature in 2016 for the 
contiguous United States (CONUS) was 12.7°C or 
1.2°C above the 1981–2010 average—its second warm-
est year since records began in 1895, 0.2°C cooler than 
2012 (Fig. 7.3). The annual CONUS temperature over 
the 122-year period of record is increasing at an aver-
age rate of 0.1°C decade−1, with the trend increasing 
since 1970 to 0.3°C decade−1. The nationally averaged 
precipitation total during 2016 was 102% of average 
(or 21.8 mm above the 1981–2010 average of 787 mm), 
the 24th wettest year in the historical record. The 
annual CONUS precipitation total is increasing at an 
average rate of 4.1 mm decade−1. Outside the CONUS, 
Alaska had its warmest year (+2.6°C) since statewide 
records began in 1925, and near-median precipita-
tion (99% of average). Complete U.S. temperature 
and precipitation maps are available at www.ncdc 
.noaa.gov/cag.

(i) Temperature
For the CONUS, ten months in 2016 were warmer 

than the 1981–2010 average, and each season ranked 
among its six warmest on record. Every state across 
the CONUS had an annual temperature that ranked 
in its high 10th percentile, although Georgia was 
the only record warm state (Fig. 7.4a). The national 
warmth in 2016 was driven by a record high annual 

Fig. 7.3. Annual mean temperature anomalies (°C; 
base period: 1981–2010) for the contiguous United 
States for 1895–2016. Red line is the 10-year running 
mean. (Source: NOAA/NCEI.)

Fig. 7.4. (a) Annual average temperature anomalies 
(°C; 1981–2010 base period) and (b) % of average annual 
total precipitation in the contiguous United States for 
2016. (Source: NOAA/NCEI.) 
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The winter (December–February) 2015/16 CO- NUS temperature was record high at 1.8°C above 

SIDEBAR 7.1: THE EXTREME 2016 WILDFIRE IN FORT MCMURRAY, 
ALBERTA, CANADA—B. KOCHTUBAJDA, J. BRIMELOW, M. FLANNIGAN, B. MORROW,  
AND M. D. GREENHOUGH
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the west coast of North America. This persistent ridg-
ing is reflected in the positive 12-month Pacific–North 
American (PNA) index for June 2015 through April 2016 

In Canada’s boreal forest, fire shapes land-
scape diversity, maintains biological diversity, 
and controls insects and diseases. However, 
fire also represents a threat to human life, 
property, and valuable commercial resources. 
Three factors influence fire activity: fuels (i.e., 
type and amount of vegetation available for 
burning), an ignition source, and weather con-
ditions (Flannigan and Wotton 2001). These 
factors came together in May 2016 to create 
the costliest insured claims natural disaster in 
Canada’s history. 

The Fort McMurray wildfire, which oc-
curred in northeastern Alberta , was a 
human-caused wildfire that started on 1 May 
2016 about 7 km west of Fort McMurray. The 
intense wildfire spread rapidly, developing 
into a raging crown fire. On 3 May, nearly 
90 000 residents of the city and surrounding 
area were evacuated when the fire grew out 
of control, jumped several rivers, and headed 
toward downtown. This wildfire was the 
third largest fire event in Alberta, consuming 
nearly 590 000 hectares (approximately the 
size of the state of Delaware). It took until 
4 July before the fire was finally declared 
under control. In Fort McMurray, almost 
2600 residential homes and other buildings 
were destroyed. Total insurable losses are 
estimated at about $3 billion (U.S. dollars), 
making this the costliest insured claims di-
saster in Canadian history. Furthermore, the 
Bank of Canada attributed a slight reduction 
in Canada’s Gross Domestic Product in the 
second quarter to the shutdown of oil sands 
production facilities in the area.

The sequence of events leading up to the 
Fort McMurray wildfire began long before the 
fire ignited. In 2015, a near-record strength 
El Niño event developed in sync with a strong 
positive phase of the Pacific decadal oscilla-
tion (PDO). These sea surface temperature 
oscillations are known to modulate the hy-
droclimate (Gan et al. 2007; Zhao et al. 2013; 
Newton et al. 2014a,b) and fire activity over 
western Canada (e.g., Macias Fauria and Johnson 2006). 
In this case, the atmospheric response to the El Niño 
and PDO manifested as a strong, persistent ridge over 

Fig. SB7.1. Antecedent temperature and precipitation conditions 
associated with the Fort McMurray fire. (a) Satellite-derived land 
surface temperature departures (°C) based on MODIS data (from 
the TERRA satellite) for 26 Apr–3 May 2016 (compared to the 
2001–10 average for the same period). (Source: NASA’s Earth 
Observatory.) (b) Percent of normal precipitation (%) for 26 Apr– 
2 May 2016. (Source: Map based on surface station data and gener-
ated by Agriculture and Agri-Food Canada.)



average, driven largely by the extreme warmth that 
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Fig. SB7.2. Photograph of pyroCb taken (looking north) 
about 30 km south of Fort McMurray on the evening 
of 4 May 2016. (Photograph courtesy of Alberta 
Agriculture and Forestry.)

(not shown), with January and February 2016 recording 
their second and third highest PNA values (since 1950), 
respectively. Consequently, abnormally dry and warm 
conditions prevailed over western Canada, with the 
12-month mean standardized precipitation evapotranspi-
ration index (Vicente-Serrano et al. 2010) for June 2015 
through April 2016 being the third lowest since 1950 
(not shown). Consequently, by the beginning of May 2016 
conditions were ripe for extreme wildfires (Figs. SB7.1a,b). 
To exacerbate an already serious situation, the ignition 
of the fire on 1 May coincided with exceptionally warm 
and dry conditions, which deteriorated further in the 
following days. Specifically, record high temperatures on 
3 and 4 May (maximum temperatures between 32°C and 
33°C) were accompanied by exceptionally low hourly rela-
tive humidities near 10% at Fort McMurray. Additionally, 
persistently strong winds (with gusts to near 72 km h−1), 
mixed down to the surface by daytime heating and the 
passage of an upper front, were another key feature of 
this event. Collectively, these conditions caused the fire 
to undergo a dramatic increase in size and intensity as it 
approached Fort McMurray on 3 May.

The Fort McMurray wildfire was located in a region of 
the boreal forest that is characterized by large swaths of 
upland and lowland forests comprised of aspen, spruce, 
and pine. At the time of the fire, the green-up of vegeta-
tion, ground, shrubs, and trees had not begun, and this 
resulted in plenty of dry fuel being available on the forest 
floor. This, together with the hot and dry weather lead-
ing up to the fire, led to an extreme fire danger rating. 
The moisture content of the fine fuels on the forest floor 
was only 5%–6%, which is the driest level since records 
began in 1953 for this area. These extreme weather and 
fuel conditions meant that any fire would be extremely 
difficult to manage.

The wildfire generated high concentrations of pollutants 
that produced a significant health risk to the residents of 
Fort McMurray through most of May. Observations of fine 
particulate matter (PM2.5; smaller than 2.5 μm in diameter) 
by air quality monitoring sites in Fort McMurray exceeded 
provincial hourly air quality guidelines of 80 μg m−3 h−1, 
reaching as high as 1000 μg m−3 h−1, and carbon monox-
ide and ozone levels also exceeded provincial air quality 
guidelines. By the evening of 1 May Alberta Health Services 
had issued an Air Quality Advisory, and Environment and 
Climate Change Canada had issued a Special Air Quality 
Statement for the Fort McMurray region warning about 
the health impacts of smoke from the wildfire.  

Pulses of pyrocumulonimbus (pyroCb) clouds associ-
ated with the fire were observed on several occasions dur-
ing 3–18 May, and a significant pyroCb on 4 May (Fig. SB7.2) 
produced significant lightning activity. The passage of a 
weak cold front on 4 May destabilized the atmosphere at 
midlevels, which combined with abundant heat and mois-
ture from the burning vegetation, created conditions favor-
able for the development of the pyroCb. Later in the day 
on 4 May, a 54 km h−1 low-level jet at 850 hPa permitted 
the supply of abundant oxygen-rich air to fuel the fire, and 
this, in combination with unstable atmospheric conditions, 
helped sustain the pyroCb. An initial radar-detectable 
echo formed about 20 km east of Fort McMurray at 
2150 UTC 4 May, and reached a maximum vertical extent 
near 12 km at 2230 UTC 4 May before dissipating several 
hours later. Lightning activity associated with this pyroCb 
was sporadic until 0010 UTC 5 May, but in the following 
hour 26 cloud-to-ground lightning flashes were detected 
by the Canadian Lightning Detection Network. Provincial 
fire officials subsequently identified four new fire ignitions 
in the vicinity of a cluster of flashes. PyroCbs have been 
observed to produce lightning over many wildfires around 
the world (Rosenfeld et al. 2007; Cruz et al. 2012; Peterson 
et al. 2015), but to our knowledge, this is the first reported 
case of a pyroCb igniting more fires.



occurred in December. Above-average temperatures 
spanned the nation with record warmth observed 
in the Northeast. The CONUS spring (March–May) 
temperature was 1.0°C above average, its sixth warm-
est spring on record, with April experiencing record 
warmth. Every state had an above-average (top 33rd 
percentile) spring temperature, with much-above-
average (top 10th percentile) temperatures along the 
U.S.–Canadian border and the East Coast. The sum-
mer (June–August) CONUS temperature was 0.9°C 
above average, its sixth warmest summer on record, 
with June record warm. Every state had an above-
average summer temperature with much-above 
average temperatures in the Southwest and along the 
East Coast. California and Connecticut experienced 
record warmth for the season. The autumn (Septem-
ber–November) temperature was 2.0°C above average, 
the warmest autumn on record for the CONUS. Every 
state had an above-average autumn temperature, with 
record and near-record warmth from the Rockies to 
the East Coast. Six states in the central CONUS had 
record high temperatures. December was relatively 
cool compared to the rest of 2016 with a CONUS 
temperature 0.2°C below average. Below-average 
December temperatures were observed across the 
Northwest and Central-to-Northern Plains with 
above-average temperatures in the South and East. 

(ii) Precipitation
Locations across the West, Great Plains, Midwest, 

and coastal Mid-Atlantic were wetter than average 
in 2016, while areas of the Southeast and Northeast 
were drier than average (Fig. 7.4b). Five states had 
annual precipitation totals that ranked above the 
90th percentile while four states ranked below the 
10th percentile. California, which had been plagued 
by drought for several years, had its first wetter-than-
average year since 2012 with the percent area of the 
state experiencing drought shrinking nearly 30%.  
Other areas of the West also experienced significant 
drought relief during 2016. Drought conditions de-
veloped across the Southeast and Northeast in late 
spring and peaked in late autumn. At the beginning of 
2016, the CONUS moderate-to-exceptional drought 
footprint was 18.4%; it reached its maximum in No-
vember at 31.5% and ended the year with 22.5% of the 
CONUS in drought. 

The CONUS winter precipitation was 119% of 
average, its wettest winter since 1997/98 and 11th 
wettest on record. El Niño–fueled storms, particularly 
early in the season, boosted mountain snowpack and 
improved drought across the West after several years 
of precipitation-starved wet seasons. Above-average 

winter precipitation was also observed in the Midwest 
and East with Iowa having record high precipitation. 
Spring 2016 was the 17th wettest for the CONUS, 
with 112% of average precipitation. Above-average 
precipitation was observed across the Great Plains 
and West, helping to further improve drought condi-
tions. Parts of the Southeast and Northeast were drier 
than average with drought conditions developing. 
Summer precipitation for the CONUS was 105% of 
average, its 24th wettest on record. Above-average 
precipitation fell across the Midwest and Lower 
Mississippi Valley where significant flooding events 
were observed. Below-average precipitation fell across 
the West, Southeast, and Northeast. For autumn, 
the CONUS precipitation total was 92% of average, 
ranking near the median value. Above-average pre-
cipitation was observed across the Northern Plains 
and West, where Washington State had record high 
precipitation. Above-average precipitation was also 
observed along the Southeast coast where Hurricane 
Matthew dropped torrential rainfall in early October. 
Below-average autumn precipitation was observed 
across parts of the Southwest and most of the interior 
Southeast. December was slightly wetter than aver-
age for the CONUS with above-average precipitation 
across the Rockies and Northern Plains. 

(iii) Notable events and impacts
There were 15 weather and climate events with 

losses (insured and uninsured) exceeding $1 billion 
(U.S. dollars) each across the United States (Fig. 7.5) 
in 2016, including drought, wildfire, four inland 
flood events, eight severe storm events, and a tropical 
cyclone event (Hurricane Matthew). The 2016 total 
was the second highest annual number of U.S. billion-
dollar disasters (adjusted for inflation) since records 
began in 1980, behind the 16 events that occurred in 
2011. Cumulatively, these 15 events led to 138 fatalities 
and caused $46.0 billion (U.S. dollars) in total, direct 
costs. The four billion-dollar non-tropical inland 
flood events during 2016 doubled the previous record, 
as no more than two such costly inland flood events 
have occurred in a single year since at least 1980. 

Tornado activity during 2016 was below average 
for the fifth consecutive year with 971 tornadoes con-
firmed, compared to the 1991–2010 annual average of 
approximately 1250. There were 17 tornado-related 
fatalities, far below the 30-year average of 110, mark-
ing the lowest number of tornado-related fatalities 
since 1986 when there were 15. 

Wildfires burned over 2.2 million hectares across 
the United States during 2016, which is below the 
2000–10 average of 2.7 million hectares. Despite the 
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below-average wildfire activity nationally, several 
devastating wildfires impacted the nation, includ-
ing fires in California and Tennessee. In December, 
a firestorm (wildfire with high winds) impacted 
Gatlinburg, Tennessee, destroying 2500 structures 
and causing 14 fatalities, raising the national wildfire-
fatality total to 21 for the year.

3) MexiCo—R. Pascual Ramírez 
For most of 2016, monthly temperatures were 

among their six warmest since records began in 
1971, with July, October, and December setting new 
monthly records. Drier-than-average conditions 
dominated throughout much of the year. February 
and October were the driest months, with each re-
ceiving 50% of their monthly average precipitation. 
Overall, it was the warmest and 15th driest year since 
records began in 1971.

(i) Temperature
The 2016 mean temperature for Mexico was 

22.4°C, which is 1.5°C above the 1981–2010 average, 
marking the warmest year in the 46-year record and 
the 13th consecutive year with an above-average an-
nual temperature. The 2016 temperature exceeded the 
previous record of 2014 and 2015 by +0.4°C (Fig. 7.6). 
The country experienced above-average temperatures 

throughout most of the year, with the exception of 
January when the national average temperature was 
0.7°C below average (sixth coldest January on record). 
The highest 2016 monthly anomaly was observed in 
July when the national temperature was 3.2°C above 
average—the warmest July since 1971. The July 2016 
national temperature was also the highest all-time 
monthly temperature (26.8°C) on record for Mexico. 
The national daily maximum, minimum, and mean 
temperatures were each close to two standard devia-
tions above average during the month (Fig. 7.7). The 
large positive temperature departure contributed 

Fig. 7.5. Map depicting date, approximate location, and type of the 15 weather and climate disasters in the 
United States in 2016 with losses exceeding $1 billion U.S. dollars.  (Source: NOAA/NCEI; www.ncdc.noaa 
.gov/billions/mapping.)

Fig. 7.6. Annual mean temperature anomalies (°C, 
blue line; 1981–2010 base period) for Mexico. Red line 
represents the linear trend over this period. (Source: 
Meteorological Service of México.)
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to the warmest summer (June–August) on record, 
surpassing the previous record set in 2013 by +0.1°C.

Regionally, temperatures in 2016 were above aver-
age across most of the country (Fig. 7.8a), although 
some areas in the north and central regions expe-

rienced cooler-than-average conditions. Twelve of 
31 states had their warmest year on record: Sinaloa, 
Durango, Nuevo Leon, and Tamaulipas (northern 
Mexico); Aguascalientes, Colima, Hidalgo, Jalisco, 
Queretaro, and Tlaxcala (central Mexico); and 
Campeche and Chiapas (southern Mexico). 

(ii) Precipitation
Above-average rainfall was observed in northern, 

northeastern, and central regions in 2016, while 
below-average precipitation was evident across the 
Pacific coast, the south, and southeast (Fig. 7.8b). 
The 2016 average rainfall total of 744.1 mm (94.7% 
of normal) was the 15th driest since records began in 
1971. Regionally, states in the south and southeast had 
exceptionally low precipitation totals, with Oaxaca 
and Tabasco (both in southern Mexico) each experi-
encing their third driest year on record. In contrast, 
Coahuila (northern Mexico) had its third wettest year, 
behind 2004 and 2010.

August was the wettest month of the year. 
Hurricane Earl and Tropical Storm Javier brought sig-
nificant precipitation to the country in early August. 
Mexico’s precipitation total in August 2016 ranked as 
the sixth wettest in the national records since 1971.

(iii) Notable events and impacts
Eleven tropical cyclones affected Mexico in 2016, 

which is four less than the 1971–2012 average of 
15. Three tropical cyclones were near land or made 
landfall from the Caribbean or Atlantic basin (aver-
age for this basin is five tropical cyclones). Tropical 
Storm Danielle and Hurricane Earl made landfall 
on 5–7 June and 2–6 August, respectively. Tropical 
Storm Colin formed north of the Yucatan Peninsula 
and tracked toward the southeast United States in 
early August. Eight cyclones were near land or made 
landfall from the Eastern North Pacific basin (aver-
age for this basin is 10). This value is lower than the 
number of storms that impacted the nation from 
the same basin during 2014 and 2015, when there 
were 14 and 9 systems, respectively. The low number 
of Eastern North Pacific storms contributed to the 
below-average precipitation on the Pacific side of the 
country in 2016. 

c. Central America and the Caribbean
1) Central aMeriCa— J. A. Amador, H. G. Hidalgo,  

E. J. Alfaro, A. M. Durán-Quesada, B. Calderón,  N. Mora, 
and D. Arce

For this region, nine stations from five countries 
were analyzed (Fig. 7.9). Stations on the Caribbean 
slope are: Philip Goldson International Airport, 

Fig. 7.8. (a) 2016 mean temperature anomalies (°C; 
1981–2010 base period) over Mexico and (b) 2016 pre-
cipitation anomalies (% of normal). (Source: National 
Meteorological Service of México.)

Fig. 7.7. Nationwide daily temperatures (°C; 1981–2010 
base period) for Mexico in 2016. Shaded areas repre-
sents the ±2 std. dev. Solid lines represents daily values 
for the three temperature parameters and dotted lines 
are the climatology. (Source: National Meteorological 
Service of México.)
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Belize; Puerto Barrios, Guatemala; Puerto Lempira, 
Honduras; and Puerto Limón, Costa Rica. Stations 
located on the Pacific slope are: Tocumen Interna-
tional Airport and David, Panama; Liberia, Costa 
Rica; Choluteca, Honduras; and Puerto San José, 
Guatemala. Precipitation and temperature records for 
the stations analyzed were provided by Central Amer-
ican National Weather Services (NWS). Anomalies 
are reported using a 1981–2010 base period and were 
calculated using NWS data. The methodologies used 
for all variables can be found in Amador et al. (2011). 

(i) Temperature
With the exception of Belize, the mean tempera-

ture (Tm) frequency distributions (Fig. 7.9) for the 
climatology and for 2016 are significantly different 
from each other at the 95% confidence level, accord-

ing to a two-sample Kolmogorov–Smirnov goodness-
of-fit hypothesis test (Wilks 2011). Anomalously high 
mean temperatures were observed for most of the 
stations analyzed, with the largest positive anoma-
lies in Puerto Barrios (Tm2), Choluteca (Tm8), and 
San José (Tm9). For most stations, the 2016 higher-
than-average means were the result of more frequent 
warm (but not extreme) days. 

(ii) Precipitation
The accumulated pentad precipitation (P; mm) 

time series are shown for the nine stations in Central 
America in Fig. 7.9. David (P6) and San José (P9) 
on the Pacific slope, and Puerto Barrios (P2) and 
Puerto Lempira (P3) on the Caribbean slope recorded 
above-average precipitation accumulations for 2016. 
Puerto Lempira had extremely high accumulations 

Fig. 7.9. Mean surface temperature (Tm; °C) frequency (F; days) and accumulated pentad precipitation (AP; 
mm) time series are shown for nine stations (blue dots) in Central America: (1) Philip Goldson International 
Airport, Belize; (2) Puerto Barrios, Guatemala; (3) Puerto Lempira, Honduras; (4) Puerto Limón, Costa Rica; (5) 
Tocumen International Airport, Panama; (6) David, Panama; (7) Liberia, Costa Rica; (8) Choluteca, Honduras; 
and (9) Puerto San José, Guatemala. The blue solid line represents the 1981–2010 average values and the red 
solid line shows 2016 values. Vertical dashed lines show the mean temperature for 2016 (red) and the 1981–2010 
period (blue). Vectors indicate July wind anomalies at 925 hPa (1981–2010 base period). Shading depicts regional 
elevation (m). (Data sources: NOAA/NCEI and Central American NWS.)
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(at the 95% confidence level) at the end of the year 
that were due to large rainfall contributions after 
pentad 40 (approximately late September). Frequent 
rains after pentad 40 helped Puerto Barrios end 
the year with a large positive anomaly. Conversely, 
Tocumen (P5), Liberia (P7), and Choluteca (P8) in 
the Pacific, and Belize (P1) and Limón (P4) in the 
Caribbean experienced below-average accumula-
tions. The year 2016 marked the fourth consecutive 
year of drought conditions in Liberia. Of all stations 
analyzed, Tocumen experienced the most severe 
drought conditions in 2016.

Low-level moisture transport (computed based 
on ERA-Interim reanalysis data) followed climatol-
ogy as the 2016 ENSO signal decreased its intensity, 
with dry conditions until the transition to the first 
part of the rainy season (May–June). Moisture flux 
divergence showed a mild second part of the rainy 
season (September–November), which started about 
three weeks late. Low-level circulations in the region 
showed a stronger-than-average Caribbean low-level 
jet (Amador 1998) 925-hPa winds during July (vec-
tors in Fig. 7.9), consistent with positive multivariate 
ENSO index values during that period (Amador et 
al. 2006).

(iii) Notable events and impacts
Three tropical cyclones affected Central America 

in 2016, all from the Caribbean Basin. Hurricane Earl 
made landfall in Belize on 4 August and crossed the 
isthmus through Guatemala the same day. More than 

9000 people were affected by heavy rain and floods 
in these two countries. Hurricane Matthew was 
present in the Caribbean Sea from 28 September to 
6 October, reaching category 5 intensity by 1 October, 
but its main impacts were in the Greater Antilles. 
Hurricane Otto made landfall between Costa Rica 
and Nicaragua on 24 November and passed over 
the isthmus during 24–25 November. In Costa Rica, 
Hurricane Otto directly impacted the northern cities 
and indirectly impacted the southern Pacific slope 
communities. For Panama, Costa Rica, and Nicara-
gua, the impacts of Otto were severe, affecting nearly 
25 000 people, with 18 fatalities and more than 2400 
damaged homes. For additional information on the 
impacts from these storms and other hydrometeoro-
logical events, please refer to Online Table S7.1.

Hurricane Otto was a remarkable meteorological 
event, breaking several historical records. Otto was 
the strongest hurricane on record so late in the year, 
the latest hurricane on record to be located in the Ca-
ribbean Sea, and the only known hurricane to move 
over Costa Rica (Brown 2017). Also, this was the first 
time that a significant amount of lightning activity 
(a known proxy for convection) from a hurricane has 
been documented in this region. Convection associ-
ated with Otto produced abundant lightning activity 
and precipitation in Nicaragua and Costa Rica with 
large socioeconomic impacts (Online Table S7.1). The 
World Wide Lightning Location Network (WWLLN), 
a real-time network with global coverage, was used 
to depict Hurricane Otto’s lightning activity develop-

TaBle 7.1. Record annual temperatures (°C) for some Caribbean locations.

Country
Station 
Name/ 

Location

Year 
records 
began

Min temp 
(°C)

Max temp 
(°C)

Mean 
temp (°C)

Barbados CIMH 1971 24.2 — 27.3

Cayman METEO 1976 25.3 — —

Dominica Canefield 1982 — 31.8 —

Dominica
Douglas 
Charles

1982 — — 27.6

Jamaica Sangster 1973 24.5 — —

Jamaica Worthy Park 1973 — — 24.9

Puerto Rico Lajas 1971 20.6 — 26.4

Puerto Rico Aibonito 1971 19 — —

St. Kitts Golden Rock 1998 — — 28

St. Lucia Hewanorra 1979 25.6 — —

Trinidad Piarco 1946 — — 27.8

Tobago Crown Point 1969 25.4 — 27.9

USVI St. Thomas 1953 25.5 — —
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ment some hours before the storm made landfall near 
Costa Rica and Nicaragua. Figure 7.10 reveals a highly 
asymmetric structure of the lightning distribution 
along the northern highly convective rainbands. Otto 
seemed to intensify its lightning activity not only after 
strengthening to a category 3 hurricane (not shown) 
but also as it approached land, as has been found in  
previous studies (e.g., Solorzano et al. 2008). The 
period shown in Fig. 7.10 corresponds to Hurricane 
Otto some hours after its intensification phase from 
a tropical storm to a hurricane on 23 November near 
1800 UTC (Brown 2017). Figure 7.10 also shows the 
western movement of the convective rainbands with 
respect to Otto’s center (yellow triangles) for three 
different hourly periods. Otto’s track was estimated 
from the National Hurricane Center best track in-
formation. 

2) Ca r i b b e a n — T .  S .  S T e p H e n S o n ,  m .  A .  T A y l o r ,  
A. R. Trotman, C. J. Van Meerbeeck, A. O. Porter, S. Etienne–LeBlanc, 
M. Hernández, I. T. Gonzalez, V. Cutié, D. Boudet, C. Fonseca, 
S. Willie, J. M. Spence, K. Kerr, A. Aaron-Morrison, G. Tamar, 
R. Stennett-Brown, and J. D. Campbell

(i) Temperature
Warmer-than-average conditions persisted 

throughout the Caribbean during 2016 (Fig. 7.11a).  
This was likely related to the El Niño conditions that 
lasted through May 2016 and year-long above-average 
Caribbean sea surface temperatures. A number of 
station temperature records were observed (Table 7.1).  
Additionally, the annual mean temperature for Cuba 
(26.2°C) was the fourth highest since 1951. Trinidad’s 
Piarco Airport recorded its second-warmest year 
(28.4°C), with its second highest annual mean maxi-

mum temperature (31.7°C) and third highest annual 
mean minimum temperature (23.1°C) since records 
began in 1946. Monthly mean maximum tempera-
tures were record high for July (33.4°C) and October 
(34.3°C). Similarly, daily extreme temperature records 
included the highest daily maximum temperature for 
April (36.3°C) and October (36.2°C). Other notable 
Trinidadian records include March’s second highest 
daily maximum temperature (35.5°C) on 12 March, 
behind 1 March 2010 (35.7°C), and July’s second 

Fig. 7.10. Lightning activity associated with Hurricane 
Otto showing the northern rainbands moving 
westward from 0400 to 0459 UTC (blue open circles), 
from 0600 to 0659 UTC (green open circles) and from 
0800 to 0859 UTC (red open circles). Yellow triangles 
represent the approximate westward track of Otto 
at 0400, 0600, and 0800 UTC estimated from the 
National Hurricane Center best track information. 
Data is from the WWLLN global data base (http://
webflash.ess.washington.edu/).

Fig. 7.11. (a) Temperature anomalies (°C) and (b) precipitation anomalies (%) rainfall for 2016 across the 
Caribbean basin with respect to the 1981–2010 annual mean. (Source: Caribbean Institute for Meteorology  
and Hydrology.)
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highest daily maximum temperature (35.0°C) on 
30 July, behind 29 July 1999 (35.1°C). A September 
record daily maximum temperature of 33.5°C was 
observed for Hewanorra Airport, Saint Lucia, on 23 
September. A summary of select seasonal temperature 
records observed for a number of Caribbean stations 
is shown in Online Table S7.2.

(ii) Precipitation
In 2016 the Caribbean experienced a mix of wet 

and dry conditions (Fig. 7.11b). Trinidad had predom-
inantly normal precipitation totals, but with slight to 
moderately dry conditions1 in the west. Dry condi-
tions were also observed for Tobago (moderately to 
extremely), St. Kitts (moderately), St. Maarten (very), 
and Grand Cayman (exceptionally). In contrast, 
Grenada, Antigua, Anguilla, Aruba, and Curacao 
had near-normal precipitation. Barbados, Dominica, 
and St. Vincent were normal to moderately wet. St. 
Lucia and the Dominican Republic were normal to 
exceptionally wet. Jamaica had near-normal condi-
tions, but with slight to moderately dry conditions in 

1  The wet and dry categories are based on categories of 
the Standardized Precipitation Index used by the Carib-
bean Drought and Precipitation Monitoring Network at 
the CIMH, http://rcc.cimh.edu.bb/climate-monitoring 
/spi-monitor/.

western and eastern extremities. Cuba experienced 
below-normal rainfall, particularly in central areas. 

The 2016 rainfall totals were the second highest 
annual totals for Hewanorra Airport (2222.5 mm) 
and 13th highest for GFL Charles (2129.0 mm) in 
St. Lucia since records began in 1967. Record-high 
annual rainfall was also observed for some sta-
tions in Dominican Republic, including Carbrera 
(2832.4 mm), La Union (3008.9 mm), Monte Cristi 
(1483.8 mm), Salcedo (2902.1 mm), and Villa Vaquez 
(1777.9 mm).

For January–March, normal to below-normal 
rainfall was observed in the eastern Caribbean. Trini-
dad, Aruba, Curacao, and Grenada were extremely 
or severely dry, while St. Vincent and Antigua were 
moderately dry. Tobago, St. Lucia, St. Kitts, Anguilla, 
and St. Maarten experienced normal conditions. 
Barbados and St. Croix were slightly dry and Domi-
nica moderately wet. Normal to above-normal rain-
fall was apparent in northern territories. Although 
some southern parts of Puerto Rico were slightly wet, 
rainfall on the island was predominantly normal. 
Conditions in the Dominican Republic ranged from 
very wet in western areas to normal in the south, east, 
and north. Jamaica and Grand Cayman were normal, 
while western Cuba was exceptionally wet with the 
rest of the country experiencing normal conditions. 

TaBle 7.2. Record seasonal rainfall (mm) records in the Caribbean in 2016. 

Country Stations/ 
Locations

Year records 
began Rainfall

JFM AMJ JJA OND

Barbados CIMH 1971 — — — —

Barbados GAIA 1979 — — — 687.3 (H)

Cuba West 1971 — — — 119 (L)

Dominican Republic Byagna 1971 — — — 656.4 (H)

Dominican Republic Cabrera 1971 — — — 1444.6 (H)

Dominican Republic Gasparh 1971 — — — 1834.1 (H)

Dominican Republic La Union 1971 — — — 1703.5 (H)

Dominican Republic Lvega 1971 — — — 906.4 (H)

Dominican Republic Moca 1971 — — — 1102.6 (H)

Dominican Republic Monte Cristi 1971 — — — 836.6 (H)

Dominican Republic Salcedo 1971 — — — 1410.2 (H)

Dominican Republic Santiago 1971 — — — 917.5 (H)

Dominican Republic SBLMAR 1971 — — — 1538.3 (H)

Dominican Republic VIVASQ 1971 — 445.6 (H) 640.0 (H) —

French Guiana Regina 1971 — — 674.6 (H) —

Jamaica Sutton 1971 — 1435.5 (H) — —

Trinidad Hillsborough 1971 — — 352.3 (L) —
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During the second quarter (April–June), the 
Windward Islands experienced normal to above-
normal conditions, while mixed conditions were ob-
served for the Leeward Islands. Specifically, Trinidad, 
Tobago, Barbados, St. Vincent, Dominica, Antigua, 
Anguilla, and St. Croix were normal. Wet condi-
tions characterized Grenada (slightly) and St. Lucia 
(moderately), while St. Kitts and St. Maarten were 
moderately dry. Aruba and Curacao were extremely 
to severely dry. Puerto Rico ranged from normal con-
ditions in the west to moderately wet in the northeast. 
The Dominican Republic had normal precipitation. 
Conditions in Jamaica ranged from normal in the 
south to moderately dry in the north; but Grand Cay-
man was severely dry. Cuba was normal to moderately 
wet while the central region was dry.

For July–September, mixed conditions continued. 
Although Trinidad was slight to moderately dry, To-
bago was extremely dry, and St. Lucia, Dominica, and 
St. Maarten were slightly dry; Grenada, Barbados, St. 
Vincent, and St. Croix experienced normal rainfall 
amounts. Although slightly dry for the quarter, it was 
the second wettest September (423.0 mm) at St. Lucia’s 
Hewanorra Airport. Martinique and Antigua were 
moderately wet with St. Kitts and St. Thomas slightly 
wet. Normal rainfall was observed for Puerto Rico, 
but the Dominican Republic experienced severely 
dry conditions in the west to slightly wet in the east. 
Jamaica was predominantly normal, but Grand Cay-
man was severely dry. Above-normal rainfall was 
experienced in western Cuba, but below normal for 
the rest of the country. 

For the last three months of the year, conditions 
in Trinidad were moderately dry in the southwest 
to moderately wet in the northeast. While Tobago, 
Grenada, Antigua, and St. Maarten experienced nor-
mal rainfall, Barbados was very wet; St. Vincent was 
extremely to exceptionally wet; St. Kitts moderately 
dry; and Anguilla slightly wet. Aruba was normal, 
but Curacao slightly wet. Conditions in the Domini-
can Republic ranged from very to exceptionally wet. 
Jamaica had predominantly normal conditions, with 
the exception of the extreme south that was slightly to 
moderately wet, and the extreme west that was slight-
ly to moderately dry. Grand Cayman was extremely 
dry. Cuba was predominantly normal to below nor-
mal. It was the third wettest November (445.1 mm) 
at St. Lucia’s Hewanorra Airport. Puerto Rico’s San 
Juan International Airport had its wettest November 
on record (448.3 mm). Table 7.2 shows selected record 
quarterly rainfall totals for the Caribbean.

(iii) Notable events and impacts 
Very hot conditions, with a considerable number 

of consecutive dry days, during the January–May 
dry season enhanced bushfire potential in Trini-
dad. The most costly bushfires claimed three lives 
and destroyed three residential dwellings and other 
structures. 

The wettest day in any July on record was observed 
at Piarco (Trinidad) on the 14th, with 100.7 mm 
(4 inches) of rain in 24 hours, causing significant 
flooding in eastern Trinidad. This was also the sec-
ond highest 24-hour precipitation total in 14 years 
for all months. 

During late September into early October, Hur-
ricane Matthew affected parts of the Caribbean, 
including Barbados, St. Lucia, Cuba, the Dominican 
Republic, and Haiti. Matthew brought large rainfall 
accumulations to parts of the Dominican Republic, 
with more than 260 mm in some locations and trig-
gering floods across much of the nation. The storm 
caused Haiti ’s largest humanitarian emergency 
since the 2010 earthquake, triggering severe floods 
and mudslides, damaging roads and buildings, and 
causing power and water shortages. Over two mil-
lion people were affected and more than 540 fatali-
ties were reported for the country. In eastern Cuba 
approximately $2.5 billion U.S. dollars in damages 
were incurred.

d. South America
During the first half of 2016, sea surface tempera-

tures (SSTs) along the equatorial Pacific Ocean were 
higher than usual, as the strong El Niño weakened 
and dissipated. From June the equatorial Pacific 
Ocean temperature showed a slight cooling, with the 
exception of an area near the western coast of South 
America, where SSTs remained slightly above normal 
during the second half of 2016 (Fig. 7.12).

The 2016 annual temperature was predominantly 
above normal in most of South America, with anoma-
lies as high as +1°C. However, cooler-than-average 
conditions were observed across southeastern Bolivia, 
Paraguay, southeastern Brazil, Uruguay, and central 
and northern Argentina (Fig. 7.13a). 

During 2016, wetter-than-normal conditions 
predominated over northern and central Venezuela, 
northern Peru, northern Chile, southwestern Brazil, 
Paraguay, Uruguay, and Argentina. The largest posi-
tive anomalies were observed in central Argentina, 
where annual precipitation totals were 200% of aver-
age. Drier-than-normal conditions were persistent in 
Colombia, Amazonia, northeastern Brazil, along the 
coast of Peru, and Bolivia. Southern Argentina and 
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southern and extreme northern Chile had the larg-
est deficits, with precipitation totals as low as 60% of 
average (Fig. 7.13b).

All anomalies in this section are with respect to the 
1981–2010 average, unless otherwise noted. 

1) northern SoUth aMeriCa—R. Martínez, S. Mitro,  
A. Alvarez, A. R. Hernández, J. Nieto, and E. Zambrano

The northern South America region includes 
Ecuador, Colombia, Venezuela, Guyana, Suriname, 
and French Guiana.

(i) Temperature
During January–March, Colombia set new maxi-

mum temperature records in several locations: Mitú 
(Amazonia) recorded a mean maximum temperature 
of 38.6°C, exceeding the previous January–March 
record by 4.4°C; Armero (Andean region) set a mean 
maximum temperature of 40.8°C, surpassing the 
previous record set in 1997 by 1.9°C; and Valledupar 
(Caribbean region) had a mean maximum tempera-
ture of 40.6°C, besting the previous record of 38.8°C 

set in 1997. From May through the end of the year, 
temperatures were predominantly below normal, 
with anomalies as low as −1°C. 

Throughout the year, most of Venezuela experi-
enced above-average temperatures, with the largest 
monthly positive anomalies observed from January 
through May (as high as +3°C). In Ecuador, above-
average temperatures persisted throughout the year, 
with the highest positive temperature anomalies 
along the Amazonian border with Peru, where sea-
sonal anomalies were as high as +5°C during Janu-
ary–March and October–December. Suriname also 
had above-average temperatures (anomalies of +1.0° 
to +2.3°C) during January–March. 

(ii) Precipitation
During January–March, the presence of the strong 

El Niño in the equatorial Pacific Ocean influenced 
weather conditions in northern South America. Dry 
conditions were observed over Guyana, Suriname, 
and French Guiana. Of note, the river levels in the 
Caribbean coast of northern South America were the 
lowest in the last 25 years. In contrast, wetter-than-av-
erage conditions were reported over the coastal region 
of Ecuador, with anomalies for the January–March 
period ranging between 140% and 180% of average. 

Precipitation was above normal in April and May 
across most of northern South America, with anoma-
lies ranging between 150% and 200% of average over 
Ecuador, Venezuela, Guyana, and Suriname. Wetter-
than-average conditions persisted over Ecuador and 
northern Venezuela during June–July. Drier-than-
average conditions prevailed from August through 

Fig. 7.12. Sea surface temperature anomalies (°C) for 
(a) DJF 2015/16, and (b) MAM, (c) JJA, and (d) SON 
2016 (base period: 1971–2000). (Source: NOAA/NCEP/
EMC/CMB/GLOBAL Reyn_Smith OIv2; processed  
by CIIFEN.)

Fig. 7.13. Annual 2016 (a) temperature anomalies (°C) 
and (b) precipitation anomalies (%) for South America 
(base period: 1981–2010). (Sources: Data from 1122 sta-
tions provided by National Meteorological Services of 
Argentina, Brazil, Bolivia, Chile, Colombia, Guyana, 
Ecuador, Paraguay, Peru, Suriname, Uruguay, and 
Venezuela. The data were compiled and processed 
by CIIFEN.)
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December over northern South America, with the 
exception of Venezuela. During the last quarter of 
2016, Venezuela had significant positive precipitation 
anomalies in the central region (173%–216% of aver-
age), central Llanos (up to 234% of average), western 
Llanos (166%–186% of average), and the eastern region 
(162%–225% of average).

2) Central SoUth aMeriCa—J. A. Marengo, J. C. Espinoza, 
L. M. Alves, J. Ronchail, and J. Baez

The central South America region includes Bra-
zil, Peru, Paraguay, and Bolivia. The 2016 climate 
conditions were characterized by extreme high 
temperatures and below-average precipitation in the 
Amazon and Andean regions, while above-average 
precipitation was observed in northern Peru and 
northeastern Paraguay.

(i) Temperature
Temperatures across most of central South 

America were between 2°C and 3°C above normal 
during 2016, with the exception of May and June when 
cooler-than-average temperatures were observed 
at the beginning of May and in mid-June. During 
January–April and July–De-
cember, temperatures were 
1.5°–3°C above average in 
Amazonia and eastern Brazil. 

(ii) Precipitation
With the exception of Jan-

uary 2016, the dry conditions 
observed in 2015 persisted in 
eastern Brazil and in Bolivia 
(see Sidebar 7.2). The Amazon 
experienced drought condi-
tions that were likely inf lu-
enced by the strong El Niño 
episode. Between January and 
July, the dry conditions con-
tributed to an increase in the 
number of wildfires, which 
were more than 740% of the 
1999–2016 average in the state 
of Amazonas. The drought 
conditions that started in 
2010 in northeastern Brazil 
persisted in 2016. Figure 7.14 
shows the evolution of the 
water deficit across the semi-
arid region of northeastern 

Brazil from the beginning of the drought though 
2016 (Marengo et al. 2017). Southern Bahia and the 
northern parts of the state of Minas Gerais, over the 
San Francisco River basin, were the most affected. 

In 2016, above-normal precipitation was observed 
in northeastern Paraguay, particularly notable during 
December, with rainfall totals 200% of average. The 
heavy precipitation raised Paraguay’s Asunción River 
discharge to 4500 m3 s−1 on 21 December. The mean 
discharge for December is 2000 m3 s−1.

(iii) Notable events and impacts
Several cold air outbreaks impacted the region in 

2016. During 27–30 April, most of Paraguay was af-
fected by its most intense cold wave in 57 years, with 
minimum temperatures dropping to 4.5°C in Pedro 
Juan Caballero and Mariscal Estigarribia, where aver-
age temperatures are 17.4°C and 18.5°C, respectively. 
The same cold front affected Urupema, Brazil, on 
28 April, where minimum temperatures were as low 
as −3.2°C. Due to a cold air intrusion on 2 May, São 
Paulo recorded a minimum temperature of 10.0°C, 
the lowest temperature observed during May in 45 
years (May average: 13.8°C). During the first half of 

Fig. 7.14. Maps depicting water deficiency (in days) for Northeast Brazil during 
its hydrologic year (Oct–Sep): (a) 2011/12, (b) 2012/13, (c) 2013/14, (d) 2014/15, 
and (e) 2015/16. Thin purple line represents the boundary of the semiarid 
region. [Source: Marengo et al. (2017).]
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June, a cold wave brought cooler-than-average con-
ditions (Fig. 7.15) from southern Brazil to western 
Amazonia. Four people died in the city of São Paulo 
due to the cold on 13 June, where minimum tem-
peratures were as low as 3.5°C (average is 12.4°C). On 
that same day, minimum temperatures were as low as 
−8.5 C at Urupema, while Rio de Janeiro’s minimum 
temperature was 8.6°C (average is 18.7°C)—the lowest 
daily June minimum temperature in the last 14 years.

Severe weather, including heavy rains, floods, flash 
floods, and landslides, severely affected central South 
America for most of the year (with the exception of 
December). In central Brazil, heavy rain in January 
affected more than 67 000 people throughout the 
state of Mato Grosso do Sul, with 28 municipalities 
declaring a state of emergency and nearly 1000 people 
isolated in the Taquarussu district. Recife recorded 

Fig. 7.15.  Solid lines represent the mean temperatures 
(°C) in São Paulo, Rio de Janeiro, Curitiba, and Rio 
Branco during 1–20 Jun 2016. Dashed lines represent 
the respective 1981–2010 average (Source: INMET.) 
Colored dots in the inset map show the locations of 
the meteorological stations. 
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SIDEBAR 7.2: DROUGHT IN BOLIVIA: THE WORST IN THE 
LAST 25 YEARS—J. A. MARENGO, J. C. ESPINOZA, L. M. ALVES and J. RONCHAIL

Rainfall in the central Andes was deficient in 2016. During 
the January–April growing season (Fig. SB7.3a), rainfall totals 
were below average in the central and southern Andes of Bolivia 
and in the southern Chaco region. Oruro received 66.7% of its 
average precipitation (average: 240 mm) and Cochabamba just 
62.1% of its average precipitation (average: 290 mm; Fig. SB7.4). 
These were the lowest values since the strong 1982/83 El Niño 
event. Scarce rainfall was also observed in the lowlands, where 
totals were 20% below average in Trinidad (Beni).  

Drought persisted after the dry austral winter season 
(June–August) and at the end of the year rainfall totals for 
November–December were about 150 mm month−1 below 
normal. Total precipitation in La Paz and the Altiplano region 
(Fig. SB7.3b) during September–December 2016 was 25% below 
normal. Intense drought conditions affected the center and 
southern parts of the country and the region of Santa Cruz, 
in the southern lowlands, with deficits surpassing 30% in the 
Andean regions, which were already affected during the first 
part of the year (Fig. SB7.3a). The hydrology of the Peruvian 
side of Lake Titicaca showed low river discharge from October 
2016, with the Ramis and Ilave Rivers recording discharge levels 
of just 3.85 m3 s−1 and 11.6 m3 s−1 compared to their respective 
climatologies of 17.9 m3 s−1 and 51 m3 s−1. The water level of 
Lake Titicaca at Huatajata station dropped to 3807.78 m in De-
cember 2016, just shy of tying its lowest level set in September 
1996 (3807.39 m). The Desaguadero River (the main outlet of 
the Lake Titicaca) discharge dropped as well. In the lowlands, a 
much longer-than-usual flood recession period was observed, 
especially in the Mamoré River, located downstream from the 

Fig. SB7.3. Precipitation anomaly (%; 1981–2010 base 
period) maps for Bolivia, derived from the CMAP 
dataset for 2016: (a) Jan–Apr, and (b) Sep–Dec. (c) 
Sep–Dec precipitation anomalies (%) near La Paz, 
Bolivia, during 1982–2016. (Source: Rainfall data is 
from CMAP, produced by NCEP.)



188 mm of rain in just 6 hours on 30 April—57% of 
the mean climatology for the month (328 mm). The 
copious rain prompted flash floods and landslides in 
several locations across the city. 

Due to a South Atlantic convergence zone episode 
on 16 January, above-average rain (+150 mm) was 
observed in states across northeastern, central, and 
southeastern Brazil and eastern Bolivia, as well as in 
western Paraguay and northwestern Peru, causing 
floods and river overflow. In seven municipalities in 
the Bolivian department of La Paz, a state of emer-
gency was declared due to intense rainfall that led to 
overflowing rivers during the first half of the year. 

Torrential rainfall, which began in November 
2015, continued during January, triggering the over-
flow of Paraguay’s Asunción and Alberdi River levels 
(7.88 m in Asunción on 1 January and 9.81 m. in Al-

berdi on 6 January) and displacing more than 65 000 
people in Asunción and leading the government 
to recommend evacuation of the Alberdi city. This 
was the fourth largest extreme flooding event since 
1905, and according to the Meteorological Service of 
Paraguay, it was related to the 2015/16 El Niño event. 
This was also an out-of-season event since river levels 
typically reach their maximum at the end of May or 
in June–July.

In the Andean region, extreme drought was re-
ported during 2016, leading the Peruvian government 
Ministry of Agriculture to declare a state of emer-
gency for 17 regions during November and December. 

The extreme dry conditions observed in north-
eastern Brazil contributed to a water crisis where 
the reservoirs of the San Francisco River were at less 
than 10% of capacity, leaving small farmers and the 
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driest regions discussed above. At the Guayaramerin station 
very low levels, ~2 m, were observed from July to November 
compared to the usual September–October period. The severe 
dry conditions caused water supply issues for people, cattle, and 
agriculture in the region. 

In November, Bolivia declared a national emergency, with 
drought affecting five of its nine departments. It was also 
declared due to the impact of dry conditions stemming from 
El Niño. Previous droughts were observed during past El Niño 
years in 1983, 1991, and 1997 (Fig. SB7.3c).  

Bolivia’s Civil Defense estimated that the drought conditions 
affected 162 000 families and threatened 607 000 hectares of ag-
ricultural land in the Andes and in the Amazonian region of Santa 
Cruz. About 360 000 head of cattle were lost due to the lack of 
water and fodder. The association of producers of oleaginous 
seeds and wheat estimated that in 2016 the production of soy 
in the lowlands of Bolivia decreased by 20%. 
The UN Food and Agriculture Organization 
estimated that the losses in Bolivia were as 
high as $485 million U.S. dollars (14% of the 
agricultural gross domestic product in 2015). 
Drought prompted protests in major cities 
and conflicts between miners and farmers 
about the use of aquifers. Water rationing was 
established for the first time ever in La Paz, 
affecting one-third of the population and prob-
ably more in fast-growing El Alto, the poorest 
city of Bolivia. The three main reservoirs that 
provide the city’s water were almost dry by 

Fig. SB7.4. Jan–Apr precipitation anomalies (%; 1981–2010 base 
period) for Cochabamba, Bolivia, during 1944–2016 (Source: 
SENAMHI-Bolivia.)  

the end of 2016. The semiarid highlands surrounding the capital 
rely mostly on replenishment by rainfall and, secondarily on gla-
cial meltwater (20%–28%), especially during the winter season. 
But glaciers such as Chacaltaya, which hosted the highest ski 
resort in the world (17 785 feet) and provided water to La Paz 
and El Alto, melted completely. In 2005, only a few patches 
of snow/ice were left, and in 2009 it dissapeared completely 
(Soruco et al. 2015; Escurra et al. 2014).  

Others glaciers have lost a great part of their mass and con-
tinue melting. Although the average water use in El Alto is low 
(52 liters person−1 day−1), the critical situation of water supply 
may worsen as the population migrating to the city increases, 
especially during drought episodes when food security is no lon-
ger guaranteed in the countryside and with the growing demand 
of water for irrigation for agriculture in the surrounding areas. 



general population with water and electricity short-
ages, and dependent on water being transported to 
them. During most of 2016, western Amazonia was 
dominated by drier conditions, and in the state of 
Acre rainfall was about 85% of the 1961–90 average 
annual rainfall of 1947.5 mm. The Rio Acre levels 
were 1.41 m on 4 August, the lowest level since 1970. 
The Rio Madeira, at Porto Velho, was just 2.98 m 
high on 5 August, its lowest level in 48 years; the 
level dropped even more—to 1.9 m at Porto Velho on 
30 September, the lowest value in 2016. The Ucayali 
River in the Peruvian Amazon reached 85 m on 22 
September, its lowest level in 23 years. This was due 
to below-average rainfall of about 400 mm month−1 
in western Amazonia during the first half of 2016. 

Problems related to rainfall deficits and subse-
quent low water supplies were particularly intense 
in the central Andes, and this situation is considered 
the worst drought Bolivia has seen for 25 years (see 
Sidebar 7.2).

3) SoUthern SoUth aMeriCa—M. Bidegain, J. L. Stella, 
M. L. Bettolli, and J. Quintana

This region includes Argentina, Chile, and 
Uruguay.

(i) Temperature
Near or below-normal temperatures were observed 

over most of southern South America during 2016, 
with mean temperature anomalies between −0.5° and 
+0.5°C (see Fig. 7.13a). The 2016 mean temperature 
anomalies for Argentina and Uruguay were +0.1°C 
and −0.4°C, respectively. Argentina’s 2016 mean tem-
perature anomaly was its coolest since 2011, breaking 
the streak of four consecutive years (2012–15) with 
record or near-record high temperatures. Chile had 
the largest positive anomaly at +0.7°C.

Summer (December–February) 2015/16 was 
warmer than normal across northern and central 
Argentina, Chile, and Uruguay, with temperature 
anomalies 0.5°–1.0°C above average.

Mean temperatures for autumn (March–May) 
were 0.5°–1.0°C below average in northern and 
central Argentina, central Chile, and Uruguay. 
Conversely, northwestern Patagonia experienced 
warmer-than-average anomalies of greater than 
+1°C. For Argentina, its autumn mean temperature 
was the sixth lowest since national records began in 
1961, with average maximum temperatures that were 
record low. Of note, the average mean temperature 
for April was much above average for northeastern 
Argentina (+1°C), Uruguay (+0.8°C), and northern 
Chile (+0.7°C), while much-below-average anomalies 

(−2.0°C) were observed across southern Argentina 
and Chile. Cooler-than-average conditions occurred 
across much of Argentina and Uruguay during May, 
with several locations setting new monthly low av-
erage maximum temperature records. Meanwhile, 
central Chile had above-average temperatures. 

Winter (June–August) was characterized by 
cooler-than-average conditions across northeastern 
Argentina and Uruguay, with above-average condi-
tions across central and southern Chile and western 
and southern Patagonia (+1.3°C). 

Below-average conditions continued during spring 
(September–November) for northeastern Argentina 
and northern Uruguay (−0.2°C to −0.5°C anomalies). 
Above-average temperatures returned to the region 
in December for the first time since February, par-
ticularly notable over central Chile, Argentina, and 
Uruguay.

(ii) Precipitation
The 2016 annual rainfall anomaly in Argentina 

and Uruguay was +14.3% and +9%, respectively (see 
Fig. 7.13b). Although the annual rainfall was above 
average, drier-than-average conditions were observed 
across central and northeastern Argentina, northern 
Uruguay, and central Chile during the second half 
of the year, following the influence of the cold phase 
of ENSO.

Several events in April brought abundant rainfall 
to northeastern Argentina and Uruguay, with several 
stations setting new monthly precipitation records. 
In central Chile, Santiago had its wettest April since 
1878, accumulating 109 mm, which is nearly seven 
times the monthly average. The extreme precipitation 
was associated with the strong El Niño that developed 
in 2015 and dissipated in May 2016, and impacted 
the Rio de la Plata basin with above-average rainfall 
during summer and fall. 

During autumn, there were two zones with excess 
precipitation: central-western Argentina, where pre-
cipitation totals for April–May were the most signifi-
cant for the year; and central-eastern Argentina and 
western Uruguay, with April rainfall totals contrib-
uting the largest portion of the annual precipitation 
total. The much-above-average precipitation during 
April resulted in devastating floods. 

During spring, much of southern South America 
observed below-normal precipitation, with the ex-
ception of areas in northern Patagonia and central 
and northern Argentina which had above-average 
precipitation in October. Accumulated rainfall 
anomalies during October were as high as +200 mm 
in an extensive area that included central-western 
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and northeastern Argentina. Central Chile also had 
above-average precipitation, with anomalies as high 
as 235% of average in Curicó.

(iii) Notable events and impacts 
A heat wave impacted a large area in central 

Argentina during 20–25 January, leading to a great 
demand for electricity that resulted in power out-
ages. New high records for monthly mean minimum 
temperatures were set in northeastern and central-
western Argentina [Resistencia (23.3°C), Formosa 
(24.3°C), Posadas (23.5°C), Oberá (22.0°C), Ceres 
(21.0°C), Rosario (20.7°C), Bernardo de Irigoyen 
(20.2°C), Laboulaye (19.2°C), and Malargüe (13.3°C)]. 

Extreme precipitation events in April over 
central-eastern Argentina and Uruguay resulted in 
new records for the number of rainy days (days with 
precipitation >0.1 mm) for the following locations: 
Concordia and Gualeguaychú (21 days), Buenos Aires 
(20 days), Monte Caseros (19 days), Sauce Viejo and 
Rosario (18 days), Ceres and Paraná (17 days). On 
15 April, an intense tornado was observed across 
southwestern Uruguay, affecting the city of Dolores 
(Soriano Department). Five people were reported 
dead and more than 500 people were injured. Heavy 
rainfall in mid-April caused floods in southern Uru-
guay (departments of Rocha, Maldonado, Canelones, 
and San Jose), displacing nearly 4000 people and 
claiming three lives. A maximum daily rainfall total 
of 250 mm was reported in Nueva Palmira station 
(Colonia Department) on 15 April. 

An extratropical depression affected the central-
eastern region of Argentina and Uruguay during 12–
14 September. Winds up to 110 km h−1 caused severe 
damage, including toppled trees, power outages, and 
evacuations. Along the coastal area of Buenos Aires, 
the strong winds also caused serious problems to ship 
navigation, caused erosion, and damaged beaches; the 
city of Mar del Plata was the most affected. 

Storms on 12 October affected a large extent of 
Argentina, including northern Patagonia, La Pampa 
province, southern Cordoba, and northwestern Bue-
nos Aires. The intense rainfall, strong winds, and 
hail led to severe flash floods and power outages in 
several locations.

On 27 October, an extratropical cyclone impacted 
Uruguay’s Atlantic coast, causing estimated losses of 
$2 million U.S. dollars; it was the second extratropi-
cal cyclone to affect the area in fewer than 40 days.

During December the city of Mar del Plata (Bue-
nos Aires province) recorded 14 days with maximum 
temperatures above 30°C, with three of those days 
reaching 35°C. This was the second highest number of 

days in a single month with maximum temperatures 
above 30°C on record, behind December 2013. A large 
area in Argentina, including La Pampa province and 
southern and western Buenos Aires province, was af-
fected by dry conditions, extreme high temperatures, 
and winds, which triggered severe bushfires, burning 
more than 500 000 hectares. 

Santiago, Chile, recorded a new December maxi-
mum temperature on 14 December, when tempera-
tures climbed to 37.3°C, surpassing the century-old 
record of 37.2°C set on 19 December 1915.

e. Africa
In 2016, most of Africa experienced above-average 

surface air temperatures (Fig. 7.16). Rainfall over the 
region 7.5°–15°N was above average whereas rainfall 
over most of equatorial Africa and the region south 
of the equator was below average (Fig. 7.17). Several 
extreme weather conditions were reported, including 
heat waves, droughts, and floods associated with con-
vective storms in Morocco and Egypt and in several 
countries in West Africa. Unusually low temperatures 
(around −6°C) were also reported in Ethiopia.

The reference period for this annual climate assess-
ment is 1981–2010. Both observed and reanalysis data-

Fig. 7.16. Annual 2016 surface air temperature 
anomalies (°C; 1981–2010 base period) over Africa. 
(Source: NOAA/NCEP.)
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sets were used for the analysis. Observed data sources 
include meteorological and hydrological services 
across the continent and the African Centre for Me-
teorological Application and Development (ACMAD) 
in Niamey, Niger. Reanalysis sources include the 
NCEP/NCAR and the ECMWF/ERA-Interim.

1) northern afriCa—K. Kabidi, A. Sayouri, M. ElKharrim, 
and E. M. Awatif

Countries considered in this report are Morocco, 
Algeria, Tunisia, and Egypt. 

(i) Temperature
Overall, in 2016, above-average mean tempera-

tures were observed across North Africa. Tempera-
tures over northern Libya were about 1.6°C above 
average (Fig. 7.16). Meteorological data from several 
stations show that temperatures in Morocco were 
among the highest since records began in 1960. 
Both annual maximum and minimum temperatures 
were 0.6°C above average. However, there was high 
variability across months. Seasonally, in Morocco, 
winter and spring temperatures were 0.4°C and 0.7°C 
above average, respectively. As shown in Fig. 7.18a, 
station reports indicate January was exceptionally 

warm over the region, with the average maximum 
and average minimum temperatures 3.4°C and 2.2°C 
above normal, respectively. In March, temperatures 
were 1.5°C below average over Morocco and Algeria 
(Fig. 7.18b). The annual mean temperature in Egypt 
exceeded its average by 0.52°C, with well-above aver-
age temperatures observed during both winter and 
summer. Maximum temperatures reached 48°C on 
27 and 28 May at Luxor in Egypt.

Summer was abnormally warm across most of 
the region due to persistent heat waves during July 
and August (Fig. 7.18c). Temperatures above 40°C 
were recorded over most of Morocco, especially in 
the south and the east. During July, central Morocco 
recorded more than 21 days of temperature exceeding 

39°C (20 days in Marrakech). 

Fig. 7.17. Annual 2016 rainfall anomalies (mm day−1; 
1981–2010 base period) over Africa. (Source: NOAA/
NCEP.)

Fig. 7.18. Northern Africa 2016 surface air temperature 
anomalies (°C; 1981–2010 base period) for (a) Jan, (b) 
Mar, and (c) Jul–Aug. (Source: NOAA/NCEP.) 
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(ii) Precipitation
Annual precipitation over northern Africa was 

near normal in 2016 (see Fig. 7.17). Total annual 
precipitation in Morocco was 43% higher than in 
2015 but still 3% below the 1981–2010 average, with 
strong geographical and temporal variability—rang-
ing from 127% of normal at Smara in the south to 
19% of normal at Tangier in the north. Also, 36% of 
the total annual precipitation fell during the months 
of May and November. In Egypt, dry conditions in 
the south and wetter-than-normal conditions in the 
north were observed.

Observational records show that Morocco expe-
rienced below-average rainfall during winter mainly 
due to persistent anticyclonic conditions over the 
Atlantic coast and western Europe. Although winter 
precipitation was generally below average in Egypt, 
extremely heavy rainfall was observed in Cairo (39% 
above normal) in January, and a record rainfall of 
39 mm on 13 December was observed at Dabaa.

Spring rainfall was also generally below nor-
mal over most of Morocco, with rainfall just 42% 
of normal in April. However, in May (Fig. 7.19b), 
several storms brought exceptionally high rainfall 
[e.g., 90 mm in Safi (normal is 10 mm); 115.3 mm 
in Essaouira (normal: 4.4 mm); and 112.6 mm in 
Chefchaouen (normal: 45.3 mm)]. Precipitation dur-
ing March was above normal over northern Tunisia 

and Algeria (Fig. 7.19a), with 255 mm recorded 
in Meliana, 214 mm in Jijel-achouat and 194 mm 
in Bejaia compared to their respective averages of 
73.9 mm, 77.2 mm and 67.3 mm. Reports from the 
national meteorological services and ACMAD in-
dicate that precipitation in May was above normal 
in the south of Algeria and near normal in Tunisia. 

Rainfall 104% and 81% of normal was recorded 
in Morocco during July and August, respectively. 
This was associated with local storms that occurred 
during summer, particularly in the mountainous re-
gions. Observations from the national meteorological 
services show that precipitation during autumn was 
generally below normal over the region, especially in 
October. However, September was rainy for the south 
of Morocco, Tunisia, and central Algeria. Exception-
ally heavy rainfall was observed in the northwest and 
northern Morocco in November. A record rainfall of 
about 77 mm in 24 hours was observed in Tangier. 

(iii) Notable events and impacts
Several extreme events occurred during 2016 re-

sulting in loss of human life and material damages. 
Extended heat waves occurred over the region dur-
ing July and August with maximum temperatures 
exceeding 40°C. Heat waves originated from heat 
sources farther east in the Sahara desert and contrib-
uted to significant forest fires, especially in Morocco 
where 235 fires were recorded, causing the destruc-
tion of about 1584 hectares of vegetation. Flooding 
associated with convective storms also caused loss of 
life and damage in eastern Egypt along the Sinai and 
Red Sea coastal areas between 27 and 29 October.

2) WeSt afriCa—S . Hagos , I . A . I jampy, F. Sima , 
S. D. Francis, and Z. Feng

West Africa refers to the region between 17.5°W 
(eastern Atlantic coast) and ~15°E (along the west-
ern border of Chad) and north of the equator (near 
Guinean coast) to about 20°N. It is divided into two 
climatically distinct subregions; the semiarid Sahel 
region (north of about 12°N) and the relatively wet 
Coast of Guinea region to the south. 

(i) Temperature 
The annual mean temperature over most of west 

Africa was slightly above average, with much of the 
Coast of Guinea region about 1°C above its 1981–2010 
average (Fig. 7.20). In June, much warmer-than-
average conditions were reported over the region; 
record warm conditions were observed over Ghana, 
Ivory Coast, and the Gambia. In particular, the an-
nual mean maximum temperature in the Gambia 

Fig. 7.19. Northern Africa 2016 rainfall rate anomalies 
(mm day−1; 1981–2000 base period) for (a) Mar and (b) 
May. (Source: NOAA/NCEP.)
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was above average by about 0.6°C. Record high tem-
peratures were observed over Guinea, southern Mali, 
and Sierra Leone in August, while Ghana, Togo, and 
Benin experienced near-record high temperatures 
in September. 

(ii) Precipitation 
The rainy period over the region is associated with 

the latitudinal movement of the West African mon-
soon and typically occurs during June–September. 
Wetter-than-average conditions persisted during 
this period over most of the Sahel region as the 
intertropical front was north of its climatological 
latitudes. The rainy season started with early onset 
in June, especially over the central Sahel as the mon-
soon progressed. Rainfall totals and anomalies with 
respect to the reference period for June–September 
are shown in Fig. 7.21. Relatively dry conditions 
prevailed over most of the Coast of Guinea region, 
from Liberia to the Niger Delta, and wetter-than-
normal conditions were observed over Burkina Faso 
and southern Mali during the period. According to 
the Nigerian Meteorological Services, wetter-than-
normal conditions occurred over the southwest and 
southeast, including regions of western Nigeria. In 
contrast, drier-than-normal conditions continued 
over Katsina, Plateau, and Yobe (Nigeria). The 
Gambia experienced both late onset and late cessation 
with near- to below-normal rainfall. While there were 
significant rainfall amounts during this period, with 
September recording the highest amount (305.9 mm), 
the season also had prolonged dry spells and uneven 
rainfall distribution, leading to crop failure. 

(iii) Notable events and impacts
In southern Nigeria, a storm lasting several hours 

brought heavy rain and flooding to Abakaliki, Ebonyi 
state, on 12 June. Local media reported that the Iyi-
Udele River flooded parts of the city of Abakaliki, 
with 5000 people left homeless after hundreds of 
homes were inundated. In Ghana, f loods affected 
Accra and parts of Central Region in June, leaving at 
least six people dead.

The UN Office for the Coordination of Humani-
tarian Affairs (UNOCHA) in Niger reported that 11 
people died and 1693 homes were destroyed by heavy 
rains and subsequent flooding in the country during 
June and July. About 30 000 people were affected. 
Significant material damage and loss of about 20 000 
head of cattle were also reported by the Humanitarian 
Coordination Unit. In Mali, UNOCHA also reported 
that f looding caused 13 deaths and affected more 
than 9500 people.

In the Gambia, heavy rainfall hit Basse, Sandu, 
and Wulli districts at the Upper River region on 29 
August, resulting in one fatality. The next day, a wind-
storm destroyed several compounds and homes in 

Fig. 7.21. In west Africa, Jun–Sep 2016 (a) total accu-
mulated precipitation (mm; red dashed and solid lines 
mark 100-mm and 600-mm isohyets, respectively) 
and (b) anomalies (mm; 1981–2010 base period). 
(Source NOAA/NCEP.) 

Fig. 7.20. Temperature anomalies (°C; 1981–2010 base 
period) for west Africa in Jul 2016. (Source NOAA/
NCEP.) 
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the villages of Kafuta and Faraba 
in Kombo East district of the West 
Coast Region, leaving some resi-
dents stranded in the villages. The 
powerful wind, followed by heavy 
rain lasting for several hours, led 
to the destruction of two com-
pounds in Kafuta and other com-
pounds in the neighboring village 
of Faraba. On 7 September, the 
communities of Kafuta and Faraba 
in the Kombo East district of the 
West Coast Region again suffered 
from heavy windstorms, strand-
ing villagers a second time. 

3) eaStern afriCa—G. Mengistu 
Tsidu, and G. Kelem

Eastern Africa, alternatively 
referred to as the Greater Horn 
of Africa (GHA), is comprised of 
regions that either receive mono 
or bimodal rainfall during June–
September (JJAS), March–May 
(MAM), December–February 
(DJF), and September–December 
(SOND) seasons. Regions that lie 
across the equator receive bimodal 
rainfalls while those farther north 
and south from equator receive 
rainfall during JJAS and DJF sea-
sons, respectively.

The assessment of the state 
of climate in 2016 over GHA 
is based on rainfal l from the 
latest version-2 Climate Hazards 
Group Infrared Precipitation 
with Stations (CHIRPS) data, 
temperatures from the ERA-Interim reanalysis, and 
daily minimum temperatures from selected synoptic 
stations over Ethiopia.

(i) Temperature 
Above-normal mean temperatures that prevailed 

over most of GHA through much of 2016 began to 
decrease near the end of the year. The DJF 2015/16 
mean temperature was below normal over Sudan; 
southwestern Ethiopia and adjoining Kenya, South 
Sudan, and Uganda; southern Kenya; and most parts 
of northern Tanzania (Fig. 7.22a). Normal to above-
normal anomalies of up to +2°C were observed over 
the rest of Ethiopia and Uganda, Rwanda, Burundi, 
and northwestern Tanzania. GHA remained warmer 

than normal during MAM, with the exception of 
most of Tanzania, central and southern Kenya, 
and along Ethiopian mountain ranges, which ex-
perienced normal to below-normal temperatures 
(Fig. 7.22b). During June–August (JJA), the warm 
anomalies subsided over large parts of GHA. The 
Republic of Sudan remained warmer than normal 
in JJA (Fig. 7.22c). The mean temperature was above 
normal during September–November (SON) over 
Sudan, eastern Ethiopia, Uganda, Rwanda, and 
southern Tanzania while below-normal temperatures 
prevailed over the rest of the region (Fig. 7.22d). In 
November, the western half of Ethiopia, Republic 
of Sudan, and South Sudan experienced normal to 
below-normal temperatures.

Fig. 7.22. Eastern Africa seasonally averaged mean temperature 
anomalies (°C; 1981–2010 base period) for (a) DJF 2015/16 and (b) MAM, 
(c) JJA, and (d) SON 2016. (Source: ERA-Interim.)
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(ii) Precipitation 
Eastern Uganda, Burundi, Tanzania, and western 

Kenya and adjacent southwestern Somalia received 
substantially higher-than-average precipitation 
whereas western Uganda, most of Kenya, and Rwanda 
received about 50%–90% of their mean (Fig. 7.23a). 
Rainfall during MAM was normal to above normal 
over southern Ethiopia and adjacent northeastern 
Somalia, South Sudan, western Kenya, Uganda, 
Rwanda, Burundi, and Tanzania (Fig. 7.23b). Most 
parts of Ethiopia (with the exception of the south-
eastern lowlands), South Sudan, and southern Sudan 
receive their main rainfall during JJAS; however, 
below-average rainfall dominated the region in 2016 
(as in 2015) with the exception of most of the Republic 

of Sudan, Eritrea, Djibouti, and the adjacent Ethio-
pian Rift Valley, which received 110%–200% of its 
seasonal mean rainfall (Fig. 7.23c). The dry condi-
tions intensified and covered most parts of GHA that 
receive rainfall during SOND (Fig. 7.23d). 

(iii) Notable events and impacts
In December, the western half of the Republic of 

Sudan and much of Ethiopia were under a surge of 
cold air from Siberia highs (Fig. 7.24b). As a result, 
a number of places in Ethiopia experienced freezing 
conditions, with temperatures dropping to as low 
as −6°C. Figure 7.24c shows daily minimum tem-
perature anomalies for four selected synoptic stations 
(green dots in Figs. 7.24a,b) that were significantly 

colder than the monthly average. 
Daily minimum temperature 
anomalies of more than −8°C 
were recorded at Addis Ababa and 
Debre Birhan (Fig. 7.24c). 

4) SoUthern afriCa—G. Mengistu 
Tsidu, A. C. Kruger, and C. McBride
Southern Africa is comprised 

of the Republic of South Africa, 
Angola, Botswana, Zimbabwe, 
Namibia, Malawi, Zambia, and 
Mozambique. The region is lo-
cated between two semiperma-
nent high pressure systems (Saint 
Helena and Mascarene highs) 
over the Atlantic and Indian 
Oceans. This assessment presents 
state of the climate during the 
austral seasons: summer [Decem-
ber 2015–February 2016 (DJF)], 
autumn [March–May (MAM)] 
and winter [June –August (JJA)], 
spring [September–November 
(SON)] of 2016. The assessment 
over southern Africa is based on 
rainfall from the latest version-2 
Climate Hazards Group Infra-
red Precipitation with Stations 
(CHIRPS) data, temperatures 
from the ERA-Interim reanalysis, 
and in situ observational data over 
the Republic of South Africa. 

(i) Temperature 
Above-normal temperatures 

in 2015 continued into 2016. As 
a result, most of southern Africa 

Fig. 7.23. Eastern Africa seasonal total rainfall anomalies (% of normal; 
1981–2010 base period) for (a) DJF 2015/16 and (b) MAM, (c) JJAS, and 
(d) SOND 2016. (Source: CHIRPS.)
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was warmer than normal in DJF 2015/16, with some 
exceptions along the coasts and over northern An-
gola, northern Zambia, and Mozambique, which had 
near-normal mean temperatures (Fig. 7.25a). While 
the rest of the region remained warmer than normal 
in MAM, northern Mozambique and all of Zambia 
experienced normal to below-normal temperatures 
(Fig. 7.25b). South Africa, Namibia, and Botswana 
(including southern Angola) experienced normal to 
above-normal mean temperatures in JJA (Fig. 7.25c). 
By SON most of the region experienced warm anoma-
lies exceeding +2°C, particularly notable over Botswa-
na, Namibia, and southern Angola (Fig. 7.25d). These 
results, from ERA-Interim temperature analyses, are 
consistent with in situ observations over South Africa. 
As shown in Fig. 7.26, the annual mean temperature 
anomaly for 2016 from the data of 26 South African 
climate stations was 0.84°C above the 1981–2010 
average, making 2016 the second warmest year in 
the 66-year record, behind only 2015 (+0.86°C). A 
warming trend of 0.16°C decade−1 is indicated by the 

data of these particular climate 
stations, statistically significant 
at the 5% level. 

(ii) Precipitation 
Southern Africa received be-

low-normal rainfall (<70%) across 
the region, with the exception 
of coastal areas of Angola and 
Namibia and isolated places over 
northern Cape and Mpumalanga 
regions of South Africa in DJF 
(Fig. 7.27a). The region was gener-
ally wetter than normal in MAM 
(Fig. 7.27b). However, the west 
coast and large parts of South 
Africa received below-average 
precipitation. Observations also 
show normal to wetter-than-nor-
mal rainfall during March, while 
April–May rainfall was mostly 
below normal over most areas of 
South Africa.

During JJA, southern and 
southwestern parts of southern 
Africa received above-normal 
rainfall (Fig. 7.27c) whereas the 
rest of the region remained under 
relatively dry weather conditions. 
The whole of southern Africa was 
extremely dry in SON except in 
isolated areas in the Western Cape 

province in South Africa (Fig. 7.27d). 
The annual total rainfall based on 26 stations 

from South Africa shows near-normal conditions 
(70%–125% of normal) over most parts of the country 
in 2016 (Fig. 7.28), consistent with CHIRPS estimates 
shown in Fig. 7.27. This brought some relief from 
the drought conditions that occurred over most of 
the country during previous years. However, the 
drought situation remained serious in many areas 
due to multiple years of below-normal rainfall. Some 
central and extreme northeastern areas received well-
below-normal rainfall, with particularly dry condi-
tions observed in the northern parts of the Kruger 
National Park. 

(iii) Notable events and impacts
In South Africa, large amounts of rain fell dur-

ing short time periods during June and July over 
isolated areas in the Western Cape, Eastern Cape, 
and KwaZulu-Natal provinces, leading to several 
localized flooding events. During November, flood-

Fig. 7.24. Eastern Africa 2016 minimum temperature anomalies (°C; 
1981–2010 base period) during (a) Nov and (b) Dec. (c) Nov–Dec 2016 daily 
minimum temperature anomalies (°C) at four synoptic stations in Ethio-
pia, as indicated by the green dots in (a) and (b). (Source: ERA-Interim.)
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ing occurred in the Johannesburg and Ekurhuleni 
area, with hourly rainfall data indicating a possible 
1-in-200 year event. 

5) WeStern indian oCean iSland CoUntrieS— 
G. Jumaux, M. Belmont, A. Abdallah, S. Dindyal, and P. Caroff

This region consists of several island countries: 
Seychelles, Comoros, Mayotte (France), La Réunion 
(France), Mauritius, and Rodrigues (Mauritius). 

Overall, the 2016 mean temperature was well 
above normal while precipitation was mixed across 
the region. Figure 7.29 shows temperature and rainfall 
anomalies for several selected areas.

(i) Temperature
The annual mean temperature at Seychelles In-

ternational Airport was 0.5°C above the long-term 
mean, making 2016 its fourth warmest year since 
records began in 1972. As indicated in Fig. 7.30, only 
July had a negative anomaly, −0.1°C. The highest 
anomaly was in March with a value of +1.1°C.

Fig. 7.25. Southern Africa seasonally averaged mean 
temperature anomalies (°C, 1981–2010 base period) 
for (a) DJF 2015/16 and (b) MAM, (c) JJA, and (d) SON 
2016. (Source: ERA-Interim.) 

Fig. 7.26. Annual mean temperature anomalies (°C; 
1981–2010 base period) of 26 climate stations in South 
Africa, as indicated on inset map, for the period 
1951–2016. The red line represents the linear trend. 
(Source: South African Weather Service.)

Fig. 7.27. Southern Africa seasonal total rainfall 
anomalies (% of normal ; 1981–2010 base period) for (a) 
DJF 2015/16 and (b) MAM, (c) JJA, and (d) SON 2016. 
(Source: CHIRPS.)

Fig. 7.28. Rainfall anomalies (% of normal; 1981–2010 
base period) for South Africa during 2016. (Source: 
South African Weather Service.)
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For Comoros Islands, 2016 was the second warm-
est year since records began in 1981, with an annual 
mean temperature anomaly (based on three stations) 
of +0.7°C. Positive anomalies were recorded during 
the warmer months of the year (January–April and 
November–December). Temperatures were close to 
average during winter, ranging from 24.8° to 27.0°C.

For Mayotte Island (Pamandzi Airport station), 
2016 was the second warmest year since records began 
in 1961, with an annual mean temperature anomaly 
of +0.7°C, behind only 2015. It was the second warm-
est January–March period, after 1998. Temperatures 
were slightly above average during winter. 

On Réunion Island, the annual mean temperature 
in 2016 (based on three stations) was 0.3°C above 
average, ranking eighth highest since records began 
in 1968. Temperatures during January–April and 
October and November were considerably above the 
reference base period, but temperatures were below 
normal during May and June.

In Mauritius, the annual mean temperature was 
23.2°C, 0.5°C above the long-term mean (based on 
two stations), making 2016 the warmest year since 
records began in 1958. The summer months, at the 
beginning of the year, had temperature departures 
of +0.9° to +1.2°C compared to average. The winter 
months were near normal, except for August, which 
was slightly above. The highest maximum tempera-
ture of 35.6°C for the year was observed in Port-Louis 
in January. 

For Rodrigues (Pointe Canon station), the depar-
ture of the annual mean temperature from the long-
term average was +0.9°C, its ninth highest since 1958.

(ii) Precipitation
For Seychelles, the 2016 annual rainfall (2080 mm) 

was 88% of its annual average of 2367 mm. This ranks 
as 15th driest among the 45 years of record. As indi-
cated in Fig. 7.31, July to October were particularly 
dry months.

For Comoros Islands, annual total rainfall (based 
on three stations) was 137% of average. It was the 10th 
wettest year since records began in 1961. The rainy 
season was the wettest on record (163% of January–
March average).

For Mayotte Island, the annual rainfall amount 
in 2016 was 117% of average at Pamandzi Airport, 
ranking 11th wettest since 1961. The rainy season 
(January–March) was its wettest on record (162% of 

Fig. 7.29. Mean annual temperature anomalies (°C), an-
nual rainfall anomalies (% of average), and their respec-
tive deciles for the Indian Ocean islands. Anomalies 
with respect to 1981–2010. (Sources: Météo France; 
and Meteorological Services of Seychelles, Comoros, 
and Mauritius.)

Fig. 7.30. Mean monthly temperature anomalies (°C; 
1981–2010 base period) at Seychelles International 
Airport. (Source: Seychelles Meteorological Services.)

Fig. 7.31. Mean monthly total precipitation anomalies 
(mm; 1981–2010 base period) at Seychelles Interna-
tional Airport. (Source: Seychelles Meteorological 
Services.)

AUGUST 2017STATE OF THE CLIMATE IN 2016 | S199



average). In contrast, the July–December period was 
the driest on record (39% of average), leading to severe 
drought and water use restrictions.

For Réunion Island, the 2016 annual rainfall 
amount was 80% of average, ranking as ninth driest 
since 1969. February was the wettest month of the 
year (more than 1100 mm observed in the highlands), 
but total rainfall during the rainy season (January–
April) was only 73% of average, ranking sixth driest. 
During the dry season (May–November), rainfall was 
slightly below normal. 

The annual total rainfall over Mauritius was 1895 
mm which was 95% of average and the 24th wettest 
year since 1960. As shown in Fig. 7.32, the highest 
rainfall amount was recorded in February, associ-
ated with active clouds from Tropical Storm Daya. 
There were variations in summer rainfall, with some 
months recording above-normal values while oth-
ers had below-normal values. The winter rain was 
normal. 

For Rodrigues (Pointe Canon) annual rainfall 
was 75% of normal accumulation, which is the sixth 
driest since 1954.

(iii) Notable events and impacts
Tropical Cyclone Fantala developed 200 km south 

of Agalega (Mauritius dependency, located 1070 km 
north of Mauritius) on the morning of 16 April. 
As a precautionary measure, all the inhabitants of 
the South Island were moved to the North Island. 
The cyclone effects on the island were minimal. It 
did however, cause extensive damage on Seychelles 
islands. On the evening of 17 April the Atoll of Far-
quhar (Seychelles) was devastated by Fantala, which 
was about to reach its maximum 
intensity at the time. The eye passed 
directly over this main island of the 
Farquhar group, which was swept by 
very strong winds, with peak gusts 
that exceeded 330 km h−1. The other 
small islets of the remote archipelago 
belonging to Seychelles were also af-
fected in the ensuing hours, although 
to a lesser extent. 

The impact on Farquhar Atoll was 
great as Fantala was an exceptional 
storm, one of the five most intense 
cyclones observed in the southwest 
Indian Ocean basin since the begin-
ning of the satellite era (1976) and 
virtually tied for the second place 
with some memorable cyclones of 
the basin (Geralda, Litanne, Gafilo). 

Farquhar Atoll became only the second land in the 
basin to suffer a direct hit from a very intense tropical 
cyclone. (Madagascar was hard hit by “super cyclone” 
Gafilo in March 2004.) Fantala was only the second 
cyclone since the beginning of the satellite era to 
affect the Farquhar group, which is unaccustomed 
to preparing for this type of event. (The only other 
cyclone to hit the group was the passage of cyclone 
Bondo over the archipelago on 21 December 2006.) 
Fantala decimated the vegetation, and it will likely 
take years to reconstitute the coconut groves.

The path of Fantala is shown in Fig. 7.33. After the 
initial passage, Fantala reversed course and tracked 
back across the Farquhar group two days later—with 
much less intensity—as a weaker tropical cyclone. 
The track of the storm was unique, going back and 
forth and retracing almost the same trajectory twice 
for over more than 1000 km. Fantala passed over the 
Farquhar Archipelago for a third and final time as 
it finally decayed. While the impacts of this third 
passage were harmless, it was certainly unique in the 
history of the basin.

Fantala also became the northernmost very in-
tense tropical cyclone recorded over the southwest 

Fig. 7.32. 2016 monthly precipitation totals (mm; 
1981–2010 base period) in Mauritius. (Source: Mauri-
tius Meteorological Services.)

Fig. 7.33. Tropical Cyclone Fantala’s unique trajectory over the 
Farquhar group (15–25 Apr 2016). (Source: Météo France.)
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Indian Ocean basin (and closest to the equator), and 
had the strongest intensity of any storm north of 
latitude 10°S.
 
f. Europe and the Middle East-P. Bissolli, M. Demircan,  

J. M. Gutiérrez, M. Kendon, J. Kennedy, M. Lakatos, M. McCarthy, 
C. Morice, M. R. Pons, R. Rollenbeck, S. Sensoy, K. Trachte, 
and G. van der Schrier
This section covers western Europe, from Scandi-

navia to the Mediterranean, and extends from Ireland 
and the United Kingdom to eastern Europe, European 
Russia, and parts of the Middle East.

Throughout this section, normal is defined as the 
1961–90 average for temperature and 1981–2010 for 
precipitation, unless otherwise specified. European 
countries conform to different standard base periods 
applied by their national weather services. All sea-
sons mentioned in this section refer to the Northern 
Hemisphere (with winter defined as DJF 2015/16). 
Significance implies an exceedance of 5th or 95th 
percentiles.

More detailed information, including monthly 
statistics, can be found in the Monthly and Annual 
Bulletin on the Climate in RA VI – European and 
the Middle East, provided by WMO RA VI Regional 
Climate Centre Node on Climate Monitoring (RCC 
Node-CM; www.dwd.de/rcc-cm). All statistics 
reported here are for three-month seasons, unless 
otherwise noted.

1) overvieW

The annual mean land surface temperature in Eu-
rope for 2016 was the third highest in the CRUTEM4 
record dating back to 1851 (Fig. 7.34; Jones et al. 2012) 
with an anomaly of +1.41°C compared to the 1961–90 
normal, although the annual temperature declined 
relative to the two previous years. The spatial dis-

tribution of annual anomalies ranged from slightly 
above average in places primarily in western and 
southern Europe to above +6°C at the southern edge 
of the Arctic region. Most of Europe had anomalies 
between +1° and +2°C (Fig. 7.35). 

Precipitation totals (Fig. 7.36) showed several 
large positive deviations from the 1981–2010 aver-
age, especially in western parts of Russia, northern 
Scandinavia, and parts of the Balkans. Drier-than-

Fig. 7.34. Annual average land surface air temperature 
anomalies for 1851–2016 (°C) across Europe (35°–75°N, 
10°W–30°E), relative to the 1961–90 base period. The 
value for 2016 is represented by the green bar. Data 
are from the CRUTEM4 dataset (Jones et al. 2012.)

Fig. 7.35. European 2016 annual mean air tempera-
ture anomalies (°C; 1961–90 base period), based on 
CLIMAT station data. Anomalies were computed at 
stations and values interpolated across the region. 
[Source: DWD (Hogewind and Bissolli 2011).]

Fig. 7.36. European 2016 precipitation totals (% of 
1981–2010 normal). (Source: DWD.)
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average conditions occurred particularly in small 
areas at the Mediterranean coast of Spain, France, 
Greece, and Turkey. Large negative anomalies were 
observed in the Middle East and in parts of northern 
urope. For the rest of Europe, precipitation totals were 
near normal.

Winter 2015/16 was much warmer than normal 
(Fig. 7.37), with large positive anomalies in Russia (up 
to +6°C) and the Arctic and reaching +4°C in a band 
from Ukraine to England. This anomaly was associ-
ated with a well-developed Icelandic low and higher 
pressure above the Mediterranean Sea (Fig. 7.38), also 
expressed by a NAO index of +1.31 [North Atlantic 
Oscillation Index, normalized pressure difference 
between the Azores high (Ponta Delgada, Azores) and 
the Icelandic low (Reykjavík, Iceland)]. This synoptic 
situation caused warmer Atlantic air masses to enter 
far into central and eastern Europe, where they were 
advected on the western flank of the Siberian high 
and displaced far to the north of Russia, causing un-
usual warmth there and a widespread precipitation 
surplus for the whole of western Russia.

Spring temperatures were generally above average, 
especially from Germany eastward, 
continuing the warm spell in northern 
Russia with positive anomalies of up to 
+4°C. In spring, low pressures system 
took a more southerly position and 
brought a surplus of precipitation to 
several regions, notably western France, 
Spain, Portugal, and southern Russia 
(Fig. 7.38).

Summer saw a reversal of climate con-
ditions in western Europe: high pressure 
developed west of the Iberian Peninsula 
and steered low pressure centers farther 
north. Consequently, temperatures were 
above normal with anomalies of up to 
+4°C in Spain, +1°C to +2°C in central 
Europe, and +3°C to +4°C in eastern 
parts of the region. Also, the large posi-
tive anomaly (+6°C) in northern Russia 
remained. The Iberian Peninsula and 
parts of France suffered a drought with 
precipitation below 20% of the long-term 
average. Dry conditions also occurred in 
Ukraine, Belarus, and, notably, in parts 
of southern central European Russia. 
Scandinavia, the Baltic Countries, and 
northwestern of Russia, on the other 
hand, had above-average precipitation 
amounts of up to 170% of the normal. 
Similar positive precipitation anomalies 

Fig. 7.37. Near-surface air temperature anomalies 
(°C) using interpolated CLIMAT data from DWD 
(1961–90 base period) for (a) DJF, (b) MAM), (c) JJA, 
and (d) SON.

Fig. 7.38. Seasonal anomalies for 2016 (1981–2010 base period) of sea 
level pressure (hPa, contours) and seasonal precipitation anomalies 
(%, shading) from NCAR–NCEP reanalysis for (a) DJF, (b) MAM, (c) 
JJA, and (d) SON. Left hatches indicate where the anomaly at sea 
level pressure is significant at the 5th or 95th percentile. Right hatches 
show the same conditions for seasonal precipitation. White areas 
have received either less than 20% of normal or below 15 mm seasonal 
precipitation. Negative sea level pressure anomalies are indicated by 
dashed contours. Black areas indicate regions where data have been 
inadvertently omitted from the figure. Please note the base period 
used here is different from that used in Fig. 7.37. (Source: NOAA/
ESRL Physical Sciences Division, www.esrl.noaa.gov/psd.)
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occurred in Sicily, Greece, and, to a lesser extent, in 
Hungary and Romania (Fig. 7.38).

In autumn, the unusually warm period ended for 
eastern Europe, and temperatures were slightly below 
average for all of the region, except the far north, which 
saw anomalies of +5°C at the coast of the Barents Sea 
and +3°C in northern Norway. That pattern was as-
sociated with a strongly negative NAO period that af-
fected much of Eurasia. Western Europe saw only slight 
deviations from normal, around +1°C in the Mediter-
ranean. Dry conditions were observed (60%–80% of 
normal precipitation, locally even less) in a wide stretch 
from the Atlantic coast across western Europe and 
Scandinavia up to northern Russia. Dry conditions 
also affected parts of the Middle East (down to 20% 
of normal in places) and Turkey. Wetter conditions 
were seen in places from southern Italy and Greece to 
Romania, Moldova, and Ukraine, with the latter three 
receiving up to 250% of their average precipitation. The 
northern region of positive temperature anomalies 
across Russia and Scandinavia was associated with 
elevated 500-hPa heights, whereas a zonal decrease of 
heights towards the Mediterranean could be seen. As in 
spring 2016, moist cyclonic systems were displaced to 
the south in contrast to a strong high pressure system 
over Scandinavia and Russia.

In December 2016, the warm pool in the north 
shifted westward, and average temperatures in 
northern Russia dropped sharply to 6°C below 
normal. Scandinavia remained extremely warm, 
with anomalies of +6°C in the north of Sweden. The 
Russian cold air extended far to the south, affecting 
the eastern Mediterranean with deviations down to 
−4°C in Turkey. Colder conditions also occurred in 
France (2°C below average in the east). At the same 
time, December was a rather dry month in several 
countries. Switzerland reported some places with no 
precipitation at all, and totals of only 20% of normal or 
less were observed in France, Spain, Italy, the Balkan 
countries, Greece, and western Turkey. The Middle 
East, however, reported large positive precipitation 
anomalies of up to 250% and more. This situation is 
typical of an “Omega” blocking pattern: constant high 
pressure above 1030 hPa centered over central Europe 
effectively blocked all cyclonic systems, leading warm 
air to the north of Europe and cold arctic air masses 
to the eastern parts of the region. Due to the frequent 
formation of ground fog, average surface air tempera-
tures remained low at the core of the high pressure cell.

2) Central and WeStern eUrope

This region includes Ireland, the United Kingdom, 
the Netherlands, Belgium, Luxembourg, France, Ger-

many, Switzerland, Austria, Poland, Czech Republic, 
Slovakia, and Hungary.

(i) Temperature
The year started with another very mild winter, 

especially in central Europe, and maintained positive 
anomalies of up to +2.5°C throughout the year. The 
overall gradient of European temperature anomalies 
for 2016 was also visible in western and central Europe: 
slight positive anomalies in the western countries such 
as Ireland, France, and Portugal (up  to +0.5°C) and 
higher anomalies in Poland, Hungary, Austria, and 
Slovakia (+2° to +4°C). In most of the countries, 2016 
ranked between sixth and tenth warmest on record. 
The length of record varies by country, but each has 
at least 50 years of continuous observation.

Winter 2015/16 was characterized by a warm pool 
over northeastern central Europe. Average monthly 
temperature anomalies in Poland, Hungary, Czech 
Republic, Slovakia, and Austria were up to +6°C 
in February. Austria registered its second warmest 
February since its records began in 1858, with peak 
temperatures reaching 23.2°C on 22 February, a new 
national record for that date. Warm air also extended 
into Switzerland but did not break records there.

The circulation pattern in spring turned more 
meridional, leading to a near-normal season in cen-
tral Europe, with France slightly below its 1961–90 
average. Eastern countries were slightly warmer 
than average, due to southwesterly flows caused by 
a Mediterranean low, transporting subtropical air 
masses to the northeast.

Summer started with near-average temperatures, 
but positive anomalies developed in July and August 
as the Azores high strengthened. Temperature anom-
alies were around +2°C in Poland. By mid-August 
France, Switzerland, and England reached similar 
anomalies, with Paris experiencing a new record 
temperature for late August of 36.6°C on the 24th. In 
Hungary and Austria, however, summer temperature 
anomalies were as low as −2°C.

Conditions in summer led to the onset of a very 
warm September, with several places in central 
Europe setting new records for early autumn. Swit-
zerland had its warmest September since its records 
began in 1864, Germany reported 95 sites with new 
monthly records, and France saw anomalies of up to 
+7°C. In the maritime southern United Kingdom, 
Gravesend (Kent) recorded 34.4°C in mid-September, 
an unusually late date to record Britain’s highest tem-
perature for the year. September average anomalies 
of +3°C were observed in Hungary, Slovakia, and the 
Czech Republic. October and November cooled down 
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to average conditions in most of central Europe, level-
ing the seasonal average to more moderate conditions, 
even though September was extreme.

In December a persistent high pressure system 
again settled over central Europe, and the frequent 
formation of ground fog in Hungary, Slovakia, Aus-
tria, and Germany led to low surface air temperatures 
with negative anomalies as much as −3°C. Elevated 
regions like Switzerland and the French Alps, on the 
other hand, received a considerable surplus of sun-
shine and warmer conditions.

(ii) Precipitation
Total annual precipitation amounts (see Fig. 7.36) 

in western and central Europe were near-average, but 
there were notable seasonal differences. Specifically, 
there was a considerable difference between the first 
and the second half of the year.

Winter 2015/16 featured a below-average snow 
cover due to the mild temperatures, but there was 
abundant rainfall, especially in February, reach-
ing 400% (Austria and Hungary), 375% (Slovakia) 
and 160% (Czech Republic) of normal. For Austria, 
February 2016 was one of the wettest on record for 
the country. Ireland had a considerable precipita-
tion surplus, reported its wettest winter on record. 
March offset the high precipitation totals, with a dry 
belt from the French Mediterranean coast across the 
Alps reaching into Hungary. The northern coasts of 
Germany and Poland also saw dry conditions.

Spring brought strong and persistent rainfalls for 
France, Belgium, and the Netherlands. The south-
east of the United Kingdom was also affected by 
this recurring inflow of humid Atlantic air masses 
supported by an extended low pressure cell above 
Scandinavia and a secondary cyclonic system above 
the Mediterranean Sea (the Genoa low) which cre-
ates a high potential for torrential rains. Germany, 
Poland, and Czech Republic had below-average spring 
precipitation of around 60% to 80% of normal.

In June, moist flows into western central Europe 
persisted, but this time also reached into Germany 
and Switzerland. Several severe weather events with 
f looding were reported from Ireland, France, and 
Germany. Belgium registered its highest June pre-
cipitation since 1981. In July, and more pronounced 
in August, high pressure became dominant in central 
Europe, steering moisture-bearing systems to the 
north. In France, dry conditions set in with July and 
August precipitation amounts only 20% to 40% of 
normal.

This situation persisted into September, with dry 
conditions extending into Benelux, Germany, and 

notably in Poland, with totals only 20% of normal. 
October and November balanced the deficits in 
eastern central Europe, but France and Germany 
maintained a deficit for autumn down to 60% of the 
normal. December brought very dry conditions for 
many central European countries. Several stations in 
France, Switzerland, Germany, Austria, and Hungary 
received no rain at all during the month.

(iii) Notable events and impacts
From 28 April to 1 May, a late snow storm hit cen-

tral Europe from Scandinavia to the Mediterranean 
region and brought heavy snow and rain to the Aus-
trian Alps with unusual frost and widespread damage 
to agriculture, including vineyards, broadleaf/fruit 
trees, and various crops.

From 26 May to 4 June, southeastern/central 
France, Belgium, the southern part of the Nether-
lands, and southern Germany were crossed by a slow 
moving low pressure system. In several places, twice 
the monthly total of precipitation was exceeded in a 
few days, and heavy floods followed, with fatalities 
and damage to infrastructure, including houses, 
gardens, and roads (see Sidebar 7.3).

On 23 June, the Netherlands reported an extreme 
hail event with hailstones up to 10 cm in its province 
of Brabant, causing damage of approximately 500 
million euros ($530 million U.S. dollars).

3) the nordiC and the baltiC CoUntrieS

This region includes Iceland, Norway, Denmark, 
Sweden, Finland, Estonia, Latvia, and Lithuania.

(i) Temperature
Even with widespread cold conditions in January, 

Scandinavia and the Baltic countries had a warm 
2016. All countries in the region had positive anoma-
lies of +1° to +2°C for the year. For the northwestern 
part of Iceland it was the warmest year (+2.1°C) re-
corded since records began in 1871. Norway, Sweden, 
and Finland had large positive anomalies around 
+3° to +7°C, especially in their northern territories. 
The main source of warmth for the Nordic countries 
was the unusual warming of the Arctic Ocean and 
northern Russia, supported by a northward shift of 
the polar front.

Winter 2015/16 started with a mild December but 
turned into a cold January with negative anomalies in 
all countries, down to −6°C in the north of Finland. 
February and March balanced the seasonal anomaly 
with very mild temperatures bringing anomalies of 
up to +5°C or more in Norway, Sweden, Finland, and 
the Baltic countries (Fig. 7.39).
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SIDEBAR 7.3: THE NAKED SHEEP—RAINSTORMS, FLOODS, 
AND COLD WEATHER CAUSED BY EXTRAORDINARY 
CYCLONIC ACTIVITY IN MAY/JUNE 2016 IN CENTRAL 
EUROPE—R. ROLLENBECK, P. BISSOLLI, AND G. VAN DER SCHRIER

In Germany sheep are traditionally sheared with the first 
warming in May; hence a cold wave that follows in early June 
is termed Schafskälte (“sheep’s cold”). The event is caused by 
advection of cool and moist air, mostly from the North Sea, after 
a rapid warming of land surfaces with high sun angles, while sea 
surface temperatures lag behind. This increases the frequency 
and intensity of convection and resulting cyclonic activity in 
central Europe. In 2016, the cold wave started early and brought 
large amounts of precipitation. At the end of May, precipitation 
totals usually accumulated in one month were obtained in only 
a few days at many stations particularly in France, Belgium, the 
Netherlands, and Germany. The situation was especially severe 
from 26 May to 4 June in the southern part of this region.

The situation developed with a circulation pattern known 
as a “low over central Europe”. A well-developed high pressure 
ridge from Iceland to across Scandinavia blocked the zonal flow 
and directed a chain of low pressure systems towards central 
Europe (Fig. SB7.5). On 26 May a large cut-off low in the eastern 
Atlantic triggered the development of several slow moving low 
pressure systems. In France heavy rainfall was widespread, due 
to large-scale advection of warm and humid air from the south. 
Germany was more affected by intense local thunderstorms on 
the leading edge of the cyclonic systems. Similarly, in Austria and 
Romania moist and unstable air was transported from eastern 
and southeastern Europe westward, mixing with 
colder air from the Atlantic.

The first heavy rainfalls of this event started 
in France on 22 May, with areas stretching from 
the Pyrenees to northern France receiving daily 
totals of 15 to 30 mm. This saturated soils and 
produced the conditions for severe flooding. 
During the following two days, precipitation 
cells moved eastwards, orographically enhanced 
in Switzerland and Austria (>50 mm day−1) and 
fueled by warm air in Romania and Moldova 
(up to 50 mm day−1). The almost stagnant low 
pressure systems over France formed new 
frontal systems on 28 May, and the southeastern 
mountain chains in France again received up to 
50 mm of precipitation.

The next day (29 May), the thunderstorm 
activity shifted northwards with its center in 
western France and in southern Germany, 
where the small village of Braunsbach was hit by 
a thunderstorm of extreme intensity—accumu-

lating >50 mm of precipitation in one hour and an event total of 
90 mm in a few hours. The resulting flash flood damaged houses 
and infrastructure. Across southern Germany, four associated 
fatalities occurred on this day. On 30 May, a precipitation cell 
developed which covered all of Belgium, almost a quarter of 
France, and the south of the Netherlands with spatial average 
rainfall totals of well above 40 mm day−1 and peak event totals of 
65 mm and more recorded at the French stations Trappes and 
Orléans (Fig. SB7.6). This rainstorm was sufficient to cause wide-
spread flooding, and the River Seine quickly rose to record levels 
last seen in 1982 and surpassed only by the big flood of 1910.

On 1 June, the blocking situation weakened and cyclonic ac-
tivity started to slowly move eastward. Extreme rainfall amounts 
were again registered in the Limburg Province the of Nether-
lands and on 2 June at the border of Romania and Moldova. 
The monthly total for station Ysselstein (Limburg, NL) reached 
277 mm, almost four times the June normal value for this station. 
The station Paris Montsouris, with continuous measurements 
from 1873, surpassed its former monthly precipitation record 
for June by 37% (137% of normal), with a total of 178.6 mm.

The floods, landslides, and infrastructure damage of this rainy 
week caused 18 fatalities, 11 of them in Germany. Economic 
damage was estimated above 1 billion euros (>$1.07 billion 
U.S. dollars).

Fig. SB7.5. Four-day average mean sea level pressure (hPa; contours) 
and precipitable water (kg m−2; shading) from 29 May to 1 Jun 2016. 
[Source: NOAA/ESRL Physical Sciences Division, www.esrl.noaa.gov
/psd (Kalnay et al. 1996).]
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Spring continued with warm conditions with 
anomalies of +3° to +5°C in Norway, Sweden, Finland, 
and the Baltic countries. Denmark reported its third 
warmest May since its records began in 1874, and 
the Baltic countries showed positive anomalies up to 
+3.5°C in May. In Latvia, the temperature reached 
31°C at the end of the month, the highest May tem-
perature in the 20-year national record.

June to August was near normal in Scandinavia 
and around the Baltic coast, while Iceland experi-
enced positive anomalies of around +2°C. Autumn 
started with a very warm September. For Denmark 
and Sweden, it was the warmest September on record, 
and the Baltic countries had positive anomalies of 
+1° to +2°C. October and November were generally 
cooler than average, away from the influence of the 
very warm Arctic Ocean surface.

December 2016 was mild all over the Nordic coun-
tries, with temperatures around +3° to +4°C above 
the long-term mean.

CONT. SIDEBAR 7.3: THE NAKED SHEEP—RAINSTORMS, FLOODS, 
AND COLD WEATHER CAUSED BY EXTRAORDINARY 
CYCLONIC ACTIVITY IN MAY/JUNE 2016 IN CENTRAL 
EUROPE—R. ROLLENBECK, P. BISSOLLI, AND G. VAN DER SCHRIER

Additional local events of heavy precipitation occurred 
during the next weeks in the Netherlands, where a local 
thunderstorm produced hailstones of 5–10 cm in the 

province of Brabant, causing damage of an estimated 500 million 
euros ($533 million U.S. dollars). In Austria, three periods of 
heavy precipitation occurred: the first on 4 and 5 June, with 
widespread flooding; a second in mid-June with landslides and 
hail damage in the Bodensee (Lake Constance) region; and a third 
event on 25 and 26 June, causing a landslide in the province of 
Carinthia that completely isolated the village of Pöllatal. With 
the advance of the Azores high towards central Europe by mid-
July, the rainy period ended and gave way to a warm and dry 
remainder of the summer.

The circulation pattern of stagnant low pressure systems in 
central Europe is not uncommon, but only rarely are there such 
intense rainfalls. Although long-term analyses of high-intensity 
rainfalls in central Europe do not show a significant trend, a 
steeper zonal gradient of temperature is likely to support higher 
intensity heavy rainfall events. Authorities and administrations 
are trying to improve their preparedness for heavy precipita-
tion by using the growing information from meteorology and 
climate science.

Fig. SB7.6. Total precipitation for 29 May–4 Jun 2016 
as a fraction of the May long-term average monthly 
precipitation. [Source: E-OBS dataset (Haylock 
et al. 2008; www.ecad.eu).]

Fig. 7.39. Monthly mean air temperature anomalies for 
Feb 2016 (°C; 1961–90 base period), based on E-OBS 
data (van der Schrier et al. 2013b; Chrysanthou et al. 
2014). (Source: KNMI.)
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(ii) Precipitation
Annual total precipitation was mostly near-normal 

across the region, with considerable short-term vari-
ability.

Winter 2015/16 saw persistent snow cover in Ice-
land, and the Baltic countries saw more than double 
their normal total precipitation. A strong cyclonic 
system developed in February over northern Scan-
dinavia and entrained humid warm air masses from 
the Atlantic on its eastern edge.

Spring brought a deficit of rainfall for most of the 
Nordic countries, with the exception of Sweden and 
the southern Norwegian mountain ranges, where to-
tals of up to 200% of normal were registered. Estonia 
experienced very dry conditions, with May rainfall 
being only 25% of normal. Iceland was also affected 
by a dry period in spring, with about half of its normal 
precipitation.

The positive precipitation anomalies continued 
into summer for northern Finland and Sweden, with 
anomalies up to 50% above normal. Iceland again 
showed a deficit in the western half of the island. 
Lower-than-average pressure remained centered over 
the north of Scandinavia which pushed rain storms 
farther to the north.

At the beginning of autumn, high pressure pre-
dominated across much of central and eastern Eu-
rope, extending the rather dry conditions far into the 
Nordic countries through autumn. Drier conditions 
were noted in Sweden, Estonia, Latvia, Lithuania, and 
the southern tip of Finland. Some stations reported 
totals of 20%–30% of normal. The dry conditions 
continued into December in many places.

(iii) Notable events and impacts
Norway was hit by several storms in January, and 

a new record wind speed of 48.9 m s−1 was measured 
on 29 January at Krakenes, north of Bergen. The 
city of Bergen itself, already known for its frequent 
rainfall, reported new monthly record totals in July 
and August with 263 (180%) and 365 mm (192%), 
respectively.

On 9 November, the Swedish capital, Stockholm, 
broke its all-time snowfall record for any November 
day since measurements began in 1905, with 30– 
40 cm of snow accumulating in different parts of the 
city over 24 hours.

A winter storm hit Norway, Sweden, and Denmark 
on 26 December with gale-force winds causing black-
outs and road blockages, but also a significant surplus 
in harvested wind energy.

 

4) iberian peninSUla

This region includes Spain and Portugal.

(i) Temperature
Despite a cold spring, the Iberian Peninsula was 

warmer than average in 2016 (see Fig. 7.35). Positive 
anomalies up to +2°C were recorded in central parts 
of Spain, along the Mediterranean coast, and the 
northwestern tip of the country, while Portugal was 
not quite as warm, with a spatial mean anomaly of 
about +1.2°C. The main contribution of warmth came 
during the summer months of July and August.

Winter 2015/16 continued December’s warmth 
into the new year, supported by a strong zonal flow 
across central Europe. The seasonal mean anomaly 
for the whole Peninsula was around +1.3°C (see 
Fig. 7.37).

Spring turned into a colder season (−0.5°C below 
normal), at least for the western half of the Peninsula; 
the Mediterranean coast maintained elevated anoma-
lies up to +1°C in maritime locations like the Iberian 
islands. The season was one of the coldest of the 21st 
century for Spain, behind 2004 and 2013.

With the beginning of summer, the Azores high 
started to extend to the northeast, and sunny weather 
created a rapid warming across the central plain of 
Spain, where temperatures rose to 3°C higher than 
normal. Peak daily high temperatures well above 
40°C were reported from several stations (e.g., Seville: 
42.3°C). Portugal also experienced extreme anoma-
lies, especially in July and August, where most of 
the country was up to +3.5°C warmer than normal. 
Summer 2016 takes second place among the warmest 
years in the country since 1931. June set new station 
records for maximum air temperature in Portugal 
and also for highest minimum temperature in at least 
five different locations. Many stations registered new 
records for maximum and minimum air tempera-
tures, with Lisbon reaching its record highest daily 
minimum temperature of 27.9°C on 7 August (tied 
with 2 August 2003). The spatial mean anomaly for 
the season was lower but still positive at about +1.5°C 
above normal.

Warm conditions continued into autumn. The 
first half of September was unusually hot, with a 
new European record for September maximum tem-
perature of 45.7°C registered in Montoro in southern 
Spain (a neighboring unofficial station registered 
46.6°C). Due to the late occurrence of this heat wave, 
it affected daily maxima more than daily average 
temperatures; hence the anomaly for September was 
not that high, but still between +1° and +2°C for Spain 
and around +1.3°C in Portugal. The seasonal mean 
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was reduced by a cool November, which saw the re-
turn of a cyclonic influence on the Iberian Peninsula 
and resulted in slightly cooler temperatures. Overall, 
autumn ended with temperature anomalies of +1.8°C 
in Spain and around +0.9°C in Portugal.

December showed some inf luence of colder 
continental air masses in the north of Spain, with 
anomalies locally down to −2°C, but in general, the 
Iberian Peninsula maintained the warmth of the 
previous season by up to +2°C in central Spain and 
+1°C in Portugal.

(ii) Precipitation
Annual precipitation totals in Portugal and Spain 

were close to normal, with a small deficit in the Barce-
lona region and an isolated patch of surplus in north 
central Portugal (see Fig 7.36). The main rainfalls oc-
curred in spring, while the rest of the year was below 
normal and summer was extremely dry.

January and February brought abundant rainfall 
but mainly in the northwest of the Peninsula where 
the seasonal mean was around 125% of normal, while 
the central and southeastern parts still had deficits of 
40% to 60% of normal.

Spring saw frequent cyclonic activity for the 
Peninsula, bringing cold and showery weather. The 
seasonal precipitation total was 160% of normal for 
Portugal and 130% for Spain. Mountain regions in 
Portugal also received considerable snowfall.

Summer set in with a strong deficit in precipitation 
for both countries, again below the extreme value of 
20% totals in many regions in June. The southern half 
of the Peninsula maintained this deficit throughout 
summer, making it one of the five driest summers in 
Portugal since 1931. Nevertheless, some torrential 
rainfalls occurred, as is usual in the Iberian summer. 
Southern Portugal and central and southern Spain 
were all in the range of 20% to 40% with regard to 
the seasonal total, while overall the Iberian Peninsula 
recorded around 50% of normal precipitation. Dry 
conditions persisted well into September although 
autumn total precipitation was near normal in most 
places.

In December, northern Spain saw only around 
30% of normal precipitation, while the southeastern 
coast experienced strong winter storms and wet 
conditions.

(iii) Notable events and impacts
In February, Portugal saw unusual snowfall in its 

southern mountains down to an elevation of 300 m 
above sea level. Such an event occurs approximately 
once every 10 years.

The island of Mallorca received unusually high 
amounts of precipitation from 5 to 9 May, exceeding 
120 mm in several places.

Portugal reported the largest burned area in sum-
mer wildfires since 2006. A fire on Madeira in early 
August coincided with the hottest day since 1976 at 
Funchal Airport (38.2°C), resulting in three deaths 
and estimated damage of $67 million U.S. dollars 
(WMO 2017).

5) eaStern eUrope

This region includes the European part of Russia, 
Belarus, Ukraine, Moldova, and Romania.

(i) Temperature
Winter 2015/16 began with elevated temperatures 

in Russia, Belarus, and western Ukraine—up +4°C 
above normal—but in January cold winter conditions 
prevailed in western Russia, eastern Ukraine, and 
southern Romania. February saw a vast extension 
of warm air from the Arctic Ocean with tempera-
ture anomalies of +6°C and higher for all countries 
(see Fig. 7.39). Belarus reported its warmest winter 
(2015/16) since records began in 1891.

Eastern Europe was dominated by a strong warm 
anomaly which persisted from February through 
September. Its core was centered above the Barents 
and Kara Seas. Record high (since 1891) spring-like 
temperatures of 13°C to 17°C were observed during 
winter in this normally very cold region close to 
Novaya Zemlya and the Barents Sea. The highest 
anomaly reached +12°C in the most extreme month 
of February. Due to colder autumn conditions, the 
annual anomaly was reduced to +2° to +8°C for the 
region, but 2016 still stands out as the warmest year 
observed in European Russia since records began 
in 1891. Kim et al. (2017) attribute this warming to 
the advection of warm air masses by extratropical 
Cyclone Frank, which developed in late December 
2015 and raised surface air temperatures to anomalies 
of +30°C in the Eurasian sector of the Arctic. This 
drastically reduced the ice cover of the Barents and 
Kara Seas, and the normal cold air and typical winter 
blocking high over Russia were weaker than normal. 
The strong zonal f low from central Europe also 
contributed with humid warm Atlantic air masses. 
Together with the lower ice cover, the more humid 
air masses increased downward longwave radiation 
and further intensified surface heating.

In spring, the temperature distribution was 
broadly maintained: Belarus reported the onset of 
vegetation growth two weeks earlier than normal, 
and Russia maintained positive anomalies especially 
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in the north of up to +5°C (+6°C for the northern 
half of Novaya Zemlya). Some Arctic islands in the 
Barents Sea still reported seasonal anomalies of +11° 
to +12°C. Belarus was +2°C warmer than normal. The 
persistence of warm anomalies from February to May 
appears to be related to a reduction in snow cover fol-
lowing the anomalously high February temperatures 
(R. Cornes et al. 2016, unpublished manuscript).

Summer was also warm for eastern Europe. All 
countries saw positive anomalies of +1° to +2°C, 
but it was much warmer in northern Russia (+5°C 
anomaly). In autumn the first cooler-than-average 
period began, but negative anomalies were limited 
to northwestern Russia and the east of Ukraine. Ro-
mania, Moldova, and Belarus were between 1° and 
3°C warmer than normal. Only in December 2016 
did the strong and persistent positive anomalies in 
the north of Russia fade.

(ii) Precipitation
Annual precipitation totals in eastern Europe 

were mostly above normal for 2016, especially in the 
Romanian mountains, Moldova, eastern Ukraine, 
and the west of Russia. In these regions totals reached 
about 150% of normal, due to the frequent advection 
of humid Atlantic air masses. The north coast of Rus-
sia was drier than normal, with strongest anomalies 
occurring near the center of the warmest ocean water, 
in Novaya Zemlya (60%).

Winter 2015/16 brought above-normal snow 
and rainfalls for Russia and Belarus, except the far 
north of Russia. Southern and central parts of Russia 
registered more than 200% of normal precipitation. 
Moscow received 183% and 178% of normal in Janu-
ary and February, respectively, but the high tempera-
tures prevented persistent snow cover. In Romania, 
Moldova, and Ukraine the very dry December 2015 
caused a slight winter deficit, although January and 
February were above normal, with an extreme total 
of 300% of normal at the Romanian Black Sea coast in 
January. The far north of Russia was very dry during 
winter, and snow falls in the Barents Sea region were 
down to 20% of normal.

The spring season was mostly dry to normal. Dry 
and warm weather persisted around the Barents Sea. 
At the same time the south of Russia, eastern Ukraine, 
and Romania received a surplus of precipitation, with 
around 130% of normal.

Summer saw the end of the extremely dry condi-
tions along the north coast of Russia. A total of 170% 
of normal was recorded for the west of northern 
Russia near the Finnish border and south to the 
border with Ukraine and Belarus. Elsewhere, drier 

conditions prevailed, with precipitation totals down 
to 60% of normal in parts of Moldova and Romania.

Autumn saw a return of the dry conditions in 
northern Russia. Ukraine, Belarus, and Moldova 
experienced a very dry September with total precipi-
tation less than 20% of normal. The seasonal mean 
in eastern Romania exceeded 300% of normal, and 
Ukraine and Belarus still recorded 130% to 170% for 
the season. Central Russia received heavy snowfalls 
by mid-October. Unusual amounts of rain fell in the 
south of Russia, with Krasnodar exceeding 100 mm 
in one day at the end of September (daily totals rarely 
exceed 40 mm in this area). December brought an 
early onset of winter, caused by an outbreak of dry 
continental air from the Siberian high pressure cell 
which established early in the year. Drier conditions 
prevailed in Romania, Moldova, and Ukraine, with 
the strongest deficit in southern Romania of only 20% 
of normal. The northwest of Russia saw a positive 
anomaly with totals up to 150% of normal in Karelia.

(iii) Notable events and impacts
The most striking event for eastern Europe was 

certainly the extreme and persistent warmth of the 
northern seas, namely the Barents and the Kara.  
Temperature anomalies of +12° to +14°C and locally 
up to +23°C lasting for several months are truly un-
precedented in the history of climate observations 
(Kim et al. 2017). Russia reported a long list of new 
record temperatures, including the warmest winter 
in Russia since records began in 1891.

On the Black Sea coast, snowfall—not seen in 50 
years—was recorded in December 2016, reaching 
10 cm in Simferopol at 44°N latitude.

6) Mediterranean and balkan CoUntrieS

This region includes Italy, Malta, Slovenia, Croa-
tia, Serbia, Montenegro, Bosnia and Herzegovina, 
Albania, Macedonia, Greece, Bulgaria, and Turkey.

(i) Temperature
Similar to central Europe, annual temperature 

means in the Mediterranean region and Balkan coun-
tries were +1°C above normal. Parts of the Balkans, 
the Greek Peloponnese, and eastern Turkey showed 
stronger positive anomalies. With national records 
each at least 50 years in length, 2016 was seventh 
warmest in Italy, Slovenia, Croatia, and Serbia.

Winter season in the Mediterranean was +1° 
to +2°C warmer than normal, after a cold spell in 
December 2015. In February, a tongue of the huge 
positive temperature anomaly extended from Russia 
into the Balkan countries and increased monthly 
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anomalies to +7° to +8°C (see Fig. 7.39). Greece had 
its warmest February in 50 years, with some parts of 
the Balkans breaking longer records, for example, 80 
years for Belgrade (Serbia). In March, temperature 
anomalies declined again, thus in Greece and Turkey 
the seasonal mean was close to normal.

Spring continued with positive anomalies of 
around +1°C in all countries in the region. Parts of 
Bulgaria, Greece, and Turkey had anomalies of +2°C. 
During summer, the entire area from Bulgaria across 
to Montenegro experienced temperature anomalies of 
more than +2°C. In August, unusually warm air from 
the interior of Russia contributed to warm Mediter-
ranean weather, raising peak anomalies in Turkey to 
+4°C. Autumn saw temperature anomalies near nor-
mal or slightly below normal over most of the region.

In December most of the Balkan countries, as 
well as Turkey and Greece, suffered from a strong 
outbreak of continental polar air masses from Russia. 
Deviations of −4°C were seen in Turkey, and –3°C in 
Bulgaria, Greece, and Albania. Serbia, Macedonia, and 
Montenegro were about 1°C colder than normal. Italy 
on the other hand, remained under the influence of 
the strong central European high with sunny weather 
and elevated temperature anomalies of up to +2°C.

(ii) Precipitation
The annual precipitation totals for 2016 were close 

to normal or slightly above normal for the Mediter-
ranean and Balkan countries. Dry anomalies were 
observed around the Aegean Sea and the Turkish 
southern coast, where values were 60% of normal. 
Serbia and the southern tip of Italy had elevated pre-
cipitation of around 120% of normal, which is mainly 
attributed to intense convective events, occurring 
most frequently in May and October.

In winter 2015/16 only the north of Italy, Slovenia, 
and Croatia had a small surplus of precipitation, due 
to a wet February (with locally up to 375% of normal 
precipitation). The remaining countries were dry to 
very dry in winter, with the most extreme anomalies 
in southern Italy, the Peloponnese of Greece, and 
the south of Turkey, where totals were as low as 40% 
of normal.

Spring brought increased cyclonic activity cen-
tered over the Black Sea, with above-normal precipi-
tation from southern Italy and Malta, across Greece, 
Bulgaria, and the north coast of Turkey. Those regions 
registered increased rainfall, especially in May with 
many thunderstorms exceeding 100 mm in 24 hours 
and local f looding events. The highest seasonal 
anomaly was in Serbia, with local spots receiving 
250% of normal in May. Drier spring conditions 

were found farther east, on the island of Crete, and in 
southeastern Turkey with around 80% of the seasonal 
average precipitation.

June and July continued with mostly convec-
tive weather in the Mediterranean. Strong positive 
anomalies were observed in Sicily, southern Greece, 
and locally in Albania. Seasonal summer rainfall was 
around 150%, with up to 300% in some locations, 
again associated with heavy thunderstorms in Mace-
donia, Greece, and Turkey, which caused floods and 
severe damage. Italy, the region around the Aegean 
Sea, and Crete were exceptionally dry, with only 40% 
to 50% of normal precipitation. Those regions were 
most strongly affected by hot and dry continental air 
masses flowing out of the ridge over central Europe.

During autumn, most of the countries in the re-
gion received higher-than-normal precipitation, most 
of which fell in October and November. Up to 230% 
of normal was reported in Serbia. Turkey’s southern 
coast and central parts remained drier with seasonal 
means of 40% to 60% of normal.

December reestablished high pressure for south-
eastern Europe; hence, very dry conditions (20% to 
40% of normal) occurred in Italy, Slovenia, Croatia, 
Bosnia and Herzegovina, Albania, Macedonia, and 
Greece. Malta, Crete, and central Turkey experienced 
cyclonic activity and had precipitation totals of 120% 
to 200% of normal.

(iii) Notable events and impacts
Damaging hail storms were reported in June in 

Greece (5 cm hailstones) and in August in Slovenia 
(10 cm). These same countries reported no rainfall at 
all for many sites in those months.

A subtropical hurricane (called a “medicane” in 
the Mediterranean region) crossed Italy at the end 
of October, with torrential rains and wind speeds up 
to 34 m s−1. Flooding and landslides followed. On 6 
November a tornado, estimated to be category EF2, 
hit a suburb of Rome. A tornado of this intensity is 
rare for Italy.

7) Middle eaSt

This region includes Israel, Cyprus, Jordan, Leba-
non, Syria, West Kazakhstan, Armenia, Georgia, and 
Azerbaijan.

(i) Temperature
The Middle East had a warm 2016 with anomalies 

between +1° and +2°C in almost all countries. Only 
Armenia and Georgia were slightly less warm with 
+0.5° to +0.7°C, respectively. The countries in the 
vicinity of the Mediterranean Sea had 10 out of 12 
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months with positive anomalies (February to No-
vember). Around the Caspian Sea, warm conditions 
were concentrated in the first half of the year, while 
autumn was cooler than normal.

In winter 2015/16 (especially February) West 
Kazakhstan was around +5°C warmer than normal 
under the influence of the huge warm anomaly in 
Russia. Georgia, Armenia, Azerbaijan, and Syria saw 
weaker seasonal anomalies of +1.5° to +2°C, while 
Cyprus, Israel, Lebanon, and Jordan were in the range 
of around +1°C.

In spring anomalies up to +3°C persisted in West 
Kazakhstan, where March was extraordinarily warm 
with deviations up to +4.5°C. The warm air also af-
fected Azerbaijan, Armenia, and Georgia to a lesser 
extent. The eastern Mediterranean countries came 
under the influence of warm air with southeasterly 
flows, causing positive anomalies of around +2°C in 
those countries.

In summer 2016, new June records were set in 
Israel with daily maximum temperatures over 44°C, 
more than +1°C higher than previous records (since 
1950). The monthly average for the country was 
26.6°C, +1.1°C higher than the previous maximum 
recorded since records began in 1950. Extreme tem-
peraturevalues above 42°C were also recorded in 
Cyprus. The monthly anomaly reached +2.8°C in this 
already hot climate, and the border region between 
Lebanon, Syria, and Jordan was similarly warm, 
resulting in seasonal anomalies more than +2°C 
for those countries. Temperatures were extremely 
warm in August, with West Kazakhstan reaching 
+4.8° above average and Armenia, Georgia, and 
Azerbaijan +3°C.

The seasonal mean anomaly for autumn in the 
region of the Caspian Sea (West Kazakhstan, Arme-
nia, Georgia, and Azerbaijan) was around −1.5°C. 
In December all Middle Eastern countries were well 
below normal, with mildest conditions in Israel, 
Lebanon, and Jordan with –0.5°C, Syria with –1.4°C 
anomaly, and the countries around the Caspian Sea 
reaching very cold temperatures. Anomalies in Ka-
zakhstan and Armenia were −2.8°C and Georgia and 
Azerbaijan around −1.5° to −2°C.

(ii) Precipitation
Rainfall in 2016 was unevenly distributed, with the 

arid countries in the south being even drier than aver-
age, while the colder climate of Kazakhstan received 
a surplus of precipitation during nine months of the 
year. The Caucasus countries received between 90% 
and 110% of normal (see Fig. 7.36). Cyprus, Syria, and 
Jordan were drier than average reaching about 80% 

of normal rainfall, while Israel and Lebanon were 
close to normal.

Winter 2015/16 was very dry in Syria with rainfall 
20% to 30% of normal. The deficit extended into 
Jordan, and Cyprus was also below average. Several 
stations in those three countries recorded no rainfall 
at all in February. Israel and Lebanon received tor-
rential rains at the end of winter and thus were near 
100% for the season. Similarly, Georgia had average 
precipitation with strong snowfalls in the Caucasus 
reaching depths of 1 m. The coastal regions around 
the Caspian Sea received a large surplus, which in 
Azerbaijan was around 150% of normal and in West 
Kazakhstan reached 170% to >250% at the northern 
coast of the Caspian Sea.

This pattern of strong positive anomalies in West 
Kazakhstan continued into spring, when a wide-
spread surplus of 170% to 300% was reached. Dry 
conditions again were seen in Syria with around 20% 
of normal, rising to 70% of normal precipitation in 
Jordan, Israel, and Cyprus.

In summer, extremely dry conditions prevailed in 
Jordan and Syria. The Negev Desert (in Israel) and 
Cyprus were also affected by this drought. In the 
border region between Jordan and Syria, however, 
some local rain fell in summer. In West Kazakhstan 
positive anomalies, up to 250%, were registered in 
June and July, but in August the area received almost 
no rain. Azerbaijan recorded only little rain on the 
western coast of the Caspian Sea.

In early autumn a surplus was observed at the 
coast in West Kazakhstan and Azerbaijan, which was 
partly compensated by dry conditions in November, 
resulting in seasonal totals around 150% of normal. 
A striking feature of 2016 in this region was the com-
bined positive anomaly of elevated temperatures and 
precipitation in West Kazakhstan, a normally arid 
continental steppe region. In the south (Syria, Jordan, 
Israel, Lebanon, and Cyprus) the drought situation 
persisted, with only a little rain in places (according 
to sparse data in war-affected parts of Syria).

December brought snowfall to many places, in-
cluding the desert regions of Syria, and Israel expe-
rienced a series of torrential storms with heavy snow-
falls. Anomalies for December were positive in the 
entire region for the first time in the year with West 
Kazakhstan leading with 200%, Syria with around 
140%, and Azerbaijan only slightly above normal.

(iii) Notable events and impacts
The drought situation in the Levant region (east-

ern Mediterranean), which began in 1998 (Cook et al. 
2016) apparently continued in 2016, with Syria again 
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being the most affected country. Ten of 12 months 
were drier than normal, and eight of those were below 
50% of average precipitation.

Georgia was hit by strong hailstorms in April and 
Cyprus in May, where hailstones were up to 5 cm in 
diameter.

In December, continental arctic air broke out of 
Russia, ending a long and intensely warm period 
for the countries of the east Mediterranean, and it 
brought unusually cold conditions and long-lasting 
snowfall in Israel, Lebanon, Jordan, and Syria.
 
g. Asia

Throughout this section the base periods used 
vary by region. The current standard is the 1981–2010 
average for both temperature and precipitation, but 
earlier base periods are still in use in several coun-
tries. All seasons mentioned in this section refer to 
the Northern Hemisphere, with winter referring to 
DJF 2015/16 unless otherwise noted.

1) overvieW

Annual mean surface air temperatures during 
2016 were above normal across most of Asia and 
Siberia (Fig. 7.40), especially north of 60°N. Annual 
precipitation amounts were above normal in central 
Siberia, from southern Mongolia to northern China, 
in eastern China, from western China to central 
Asia, in northern Pakistan, in northern India, and in 
Myanmar, and were below normal in western Siberia, 
in southern Pakistan, and from southern India to Sri 
Lanka (Fig. 7.41).

Seasonal mean temperatures were mostly above 
normal across Southeast and South Asia, and across 
Siberia (Fig. 7.42). In winter, seasonal mean tempera-
tures were below normal from Mongolia to China. 
Autumn was marked by a strong zonal contrast with 
positive temperature anomalies north of 60°N and 
negative anomalies in a broad region between 40°N 
and 60°N, associated with a strong negative phase 
of the NAO (see Fig. 7.44). Seasonal precipitation 
amounts were variable across the region generally 
but were persistently above normal in central Asia 
(Mongolia and Kazakhstan and adjacent regions) 
through the year. 

Convective activity was suppressed over the In-
donesian region and the western tropical Pacific in 
winter in association with El Niño conditions (Fig. 
7.43a). In spring, anticyclonic circulation anoma-
lies in the lower troposphere were seen from the 
Indochina Peninsula to the western North Pacific 
(Fig. 7.43b), and above-normal temperatures were 
observed over and around Japan (Fig. 7.44b). In 

summer, the monsoon circulation over the Indian 
Ocean was stronger than normal, and cyclonic cir-
culation anomalies were seen from the Indian Ocean 
to the Indonesian region. Convective activity was 
strongly enhanced over the subtropical North Pacific 
in association with low-level cyclonic anomalies 
to the southeast of Japan (Fig. 7.43c). In autumn, 
negative anomalies of 500-hPa geopotential height 
and of 850-hPa temperature were observed over the 
midlatitudes from central Asia to the Kamchatka 
Peninsula (Fig. 7.44d), associated with a strongly 
negative NAO/AO period.

2) rUSSia—O. N. Bulygina, N. N. Korshunova, and N. M. Arzhanova
Observational information was obtained from the 

Roshydromet Observation Network. Official datasets 
are available from the RIHMI-WDC site: http://
meteo.ru/english/climate/cl_data.php.

Fig. 7.40. Annual mean temperature anomalies (°C; 
1981–2010 base period) over Asia in 2016. (Source: 
Japan Meteorological Agency.)

Fig. 7.41. Annual precipitation (% of normal; 1981–2010 
base period) over Asia in 2016. (Source: Japan Meteo-
rological Agency.)
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(i) Temperature
The mean annual Russia-aver-

aged air temperature for 2016 was 
0.83°С above the 1981–2010 normal 
(Fig. 7.45; see also Fig. 7.40), the fifth 
highest such value in the period 
1936–2016. Winter was abnormally 
warm, especially in western and 
central regions (Fig. 7.42a), with 
the seasonal average 2.1°С above 
normal, the second warmest since 
1936. Spring also proved to be warm 
across the whole country, with a 
Russia-averaged seasonal mean air 
temperature anomaly of +1.9°С (third 
warmest since 1936). April and May 
were especially warm. 

Summer was the warmest on re-
cord, with an average anomaly of 
+1.2°C. In July a heat wave was re-
corded in European Russia, par-
ticularly along the Arctic coast. In the 
Lower Volga region and republics of 
northern Caucasia, daily maximum 
temperatures exceeded 40°С. August 
was the warmest on record for Russia, 
associated mostly with large positive 
temperature anomalies over east-
ern European Russia and the Urals 
(Fig. 7.46). Monthly average tempera-
tures in Yekaterinburg, Biser, and Bu-
guruslan were the highest on record.

For  Ru ssia  a s  a  whole ,  t he 
autumn mean air temperature was 
0.75°С below normal, with a warm 
September transitioning through 
to a cold November. Temperatures were well below 
normal over southern parts of Russia (Fig. 7.42g), 
associated with a strong negative NAO/AO period.

(ii) Precipitation
In 2016, Russia as a whole received above-normal 

precipitation, 107% of the 1981–2010 normal, tying 
with 1961, 1966, and 2004 for the second wettest year 
since records began in 1936 (Fig. 7.47).

Nearly all of European Russia received above-nor-
mal precipitation in January and to a lesser extent in 
February. In the spring Russia received above-normal 
precipitation (117%) on average. In the summer, Rus-
sia also received above-normal precipitation. Autumn 
saw above-normal precipitation in eastern Siberia 
and somewhat below-normal conditions elsewhere 
in Russia.

 
(iii) Notable events and impacts
On 2 March, Moscow received 25.3 mm of precipi-

tation, more than 70% of its monthly precipitation 
normal of 35 mm, breaking the single-day March 
record rainfall set in 1966.

On 15–16 March, a severe wind storm affected 
Kamchatka. Wind speeds reached 45–53 m s−1. 
Flights and schools were canceled, and many homes 
lost electricity.

On 15–20 April, an ice jam caused flooding along 
the Sukhona River in the Vologda Region (European 
Russia). The water level in the Sukhona rose to almost 
10 m above normal. The city of Velikyi Ustyug and 
another 24 settlements (with a total population of 
about 40 000) were in the flood zone; total flood-re-
lated damage was estimated at more than 300 million 
rubles (>$5 million U.S. dollars).

Fig. 7.42. Seasonal temperature anomalies (°C, left column) and 
precipitation (% of normal, right column) over Asia in 2016 for (a),(b) 
winter; (c),(d) spring; (e),(f) summer; and (g),(h) autumn. All relative 
to 1981–2010. (Source: Japan Meteorological Agency.)
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On 5 June, 50.5 mm of precipitation fell in 20 
minutes in Vladikavkaz (North Caucasus); it was 
accompanied by large hail (3 cm in diameter) and 

strong winds (28–32 m s−1) for about 12 minutes. The 
roofs of 699 buildings, plus glass windows, cars, and 
agricultural crops over a 365-ha area were damaged, 

and more than 2500 trees were 
toppled. Two people were injured.

During 6–16 July, 534 forest 
fires covering an area of more 
than 230 000 ha were recorded 
in the Transbaikalian Territory 
(south of eastern Siberia).

On 26 August, large hail (1.5–
2.9 cm) and strong winds (25– 
28 m s−1) in Karachay-Cherkessia 
(North Caucasus) damaged 452 
houses and 3 schools, as well as 
more than 2000 ha of agricultural 
crops.

On 30–31 August, heavy rain-
falls associated with a typhoon 
affecting the Maritime Territory 
(Far East) caused flooding with a 
preliminary damage estimate of 
1.2 billion rubles (>$20 million 
U.S. dollars).

3) eaSt and SoUtheaSt aSia— 
p. ZHAng, T. C. lee, A. goTo, S.-y. yim, 
l. oyunJArgAl, And BerTrAnd TimBAl

Countries considered in this 
section include: China (includ-
ing Hong Kong), Japan, Korea, 
Mon gol i a ,  a nd  S i n gap ore . 
Anomalies refer to a base period 
of 1981–2010.

(i) Temperature
The annual mean air tempera-

ture in 2016 for China was 0.8°C 
above normal (see Fig. 7.40), the 
third warmest year since records 
began in 1951, after 2015 and 
2007. Apart from January, all 
months were warmer than nor-
mal. December was especially 
warm compared to average, with 
the highest anomaly (+2.6°C) of 
any month in the historic record. 
Hong Kong was slightly warmer 
than normal for the year, with an 
annual mean temperature anom-
aly of +0.3°C, its seventh highest 
since records began in 1884. 

Fig. 7.43. Seasonal mean anomalies of 850-hPa stream function (contour, 
1 × 106 m2 s−1) using data from the JRA-55 reanalysis and OLR (shading, 
W m−2) using data originally provided by NOAA for (a) winter, (b) spring, 
(c) summer, and (d) autumn. The base period is 1981–2010. (Source: Japan 
Meteorological Agency.)

Fig. 7.44. Seasonal mean anomalies of 500-hPa geopotential height (con-
tour, gpm) and 850-hPa temperature (shading, °C) for (a) winter, (b) spring, 
(c) summer, and (d) autumn, using data from the JRA-55 reanalysis. The 
base period is 1981–2010. (Source: Japan Meteorological Agency.)
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Annual mean temperatures were significantly 
above normal in eastern and western Japan (see 
Fig. 7.40) and Okinawa/Amami, especially in eastern 
Japan where average temperatures were the highest 
since records began in 1946.

The 2016 annual average temperature over the 
Republic of Korea was 1.1°C above normal, mak-
ing 2016 the country’s warmest year since national 
records began in 1973. Conversely, the annual mean 
temperature over Mongolia for 2016 was 0.2°C below 
normal. The coldest month there was January, when 
the mean temperature anomaly was 3.2°C below 
average. A minimum temperature of −55.0°C was 
observed at Otgon station (western Mongolia), the 
second-lowest absolute minimum temperature for 
the country since records began in 1961.

The mean annual temperature for 2016 in Singa-
pore was 28.4°C, its warmest year on record (since 
1929) and 0.1°C warmer than the previous record 
tied by 1997, 1998, and 2015. All months in 2016 

were above their respective 
1981–2010 normals, with re-
cord warm months observed 
in January, April, and August.

(ii) Precipitation
The annual mean precipita-

tion in China was 730.0 mm, 
116% of normal, the highest 
since national records began in 
1951. Seasonal total precipita-
tion amounts were 153%, 122%, 
106%, and 137% of normal for 
winter, spring, summer, and 
autumn, respectively. Precipita-
tion in major river catchments 
was generally above normal. 
The annual mean precipita-
tion in the Yangtze River ba-
sin was 119% of normal, just 
below the 1954 record. Hong 
Kong received well-above-
average rainfall in 2016 (126% 
of normal), with a record wet 
autumn. Annual precipitation 
amounts were considerably 
above normal in western Japan, 
Okinawa/Amami, and on the 
Pacific side of northern Japan.

In the Republic of Korea, 
2016 saw 97% of 1981–2010 
normal precipitation. Below-
average rainfall was observed 

over the central part of the country, while above-av-
erage conditions occurred in the south. In Mongolia, 
annual precipitation was 242 mm, 118% of normal, 
with a wet spring favorable for agriculture. March was 
the wettest month (222% of normal) while August was 
the driest month (72%) in the year.

For Singapore, the decaying strong El Niño gave 
rise to below-normal rainfall in the first part of the 
year (71% of normal for January–May). Rainfall dur-
ing the southwest monsoon season was mostly near 
average.

(iii) Notable events and impacts
In mid-January, minimum temperature records 

were broken in many cities across the southern part 
of the Republic of Korea, associated with a negative 
phase of the Arctic Oscillation. This, combined with 
a strong Siberian high, brought strong, cold northerly 
winds into the country.

Fig. 7.45. Anomalies of mean (top) annual and (bottom) seasonal air tem-
peratures (°C) averaged over available surface station observations in the 
Russian territory for the period 1936–2016 (base period: 1981–2010). The 
11-year running mean is shown as a continuous line (the time series was 
“mirrored” before 1936 prior to filtering, but no estimate was made for 
future years after 2016).
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Hong Kong reported four consecutive days with 
maximum temperatures above 35°C in June, com-
pared with an average monthly high of 23°C, and had 
its warmest July and October on record.

In August, northern Japan experienced several 
record-breaking heavy rainfall events, associated with 
Typhoons Conson, Chanthu, Mindulle, Lionrock, and 
Kompasu. On the Pacific coast of northern Japan, Au-
gust precipitation was 231% of normal, a new August 
record (since 1946). From 16 to 31 August, 858.0 mm 
was recorded at Nukabira-gensenkyo in Hokkaido. 
Heavy rain there caused serious damage, including 
landslides and river overflows.

In the Republic of Korea, August 2016 was the 
driest August on record, influenced by a long-lasting 
anomalous anticyclone over northeastern China and 
a heat wave early in the month. A temperature of 42°C 
was observed at both Choibalsan and Khalkhin Gol 
stations, the highest temperature recorded in eastern 
Korea in the past 50 years.

On 5 October, Typhoon Chaba hit the southern 
and southeastern coasts of the Republic of Korea with 
strong winds and heavy rain. Chaba was the strongest 
October typhoon recorded in the Republic of Korea 
and caused flooding, damaged several homes, and 
blocked streets in southeastern cities.

Fig. 7.46. Air temperature anomalies (°C, shaded) in Aug 2016. Insets show the series of mean monthly and 
mean daily air temperatures (°C) in Aug 2016 at meteorological stations Yekaterinburg, Buguruslan, and Biser.
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4) SoUth aSia—A. K. SrivASTAvA, J. v. revAdeKAr, And m. rAJeevAn

Countries in this section include: Bangladesh, 
India, Pakistan, and Sri Lanka. Climate anomalies 
are relative to the 1981–2010 normal. Monsoon 
precipitation is defined relative to a 50-year base 
period (1951–2000), since there is strong inter-
decadal variability in Indian monsoon precipitation 
(Guhathakurta et al. 2015).

(i) Temperature
South Asia generally witnessed significantly warm 

conditions in 2016 (Fig. 7.48; see also Fig. 7.40). The 
annual average mean land surface air temperature 
over India was 0.7°C above average, making 2016 
the warmest year on record since national records 
commenced in 1901. The country-averaged seasonal 
mean temperatures during the winter months of early 
2016 (January–February, anomaly +1.2°C, warmest 
since 1901) and the pre-monsoon season (March–
May, anomaly +1.0°C, second warmest since 1901) 
contributed most strongly to the record warm year 
(see Figs. 7.42a,c). Eight of the ten warmest years on 
record have occurred since 2000.

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

typically contributes about 75% of the annual precipi-
tation over South Asia. The summer monsoon set in 
over Kerala (southern parts of peninsular India) on 

SIDEBAR 7.4: ANOMALOUS TYPHOON ACTIVITY IN THE 
NORTHWESTERN PACIFIC AND EXTREME PRECIPITATION 
IN NORTHERN JAPAN IN AUGUST 2016—P. ZHANG, T. C. LEE, A. GOTO, 
S.-Y. YIM, L. OYUNJARGAL, AND B. TIMBAL

In stark contrast to the first half of the year when tropical 
cyclone activity was suppressed, seven typhoons (tropical storm 
intensity or higher) formed in the northwestern Pacific basin in 
August 2016. Four of those—Chanthu, Mindulle, Lionrock, and 
Kompasu—made landfall in rapid succession on the Japanese 
mainland (Fig. SB7.7). This ties with August 1962 and September 
1954 as the largest number of typhoon landfalls over the country 
in a single month since records began in 1951. The pattern of 
typhoon activity is peculiar given that all four typhoons headed 
north (instead of west or northwest) and eventually hit the 
Pacific coast of northern Japan, where it is rare, though not 
unprecedented, to experience even a single typhoon landfall. 
Primarily due to rainfall from these typhoons, the regional aver-
age monthly precipitation total in the Pacific side of northern 
Japan for August was the highest on record since 1946 at 231% 
of normal. More than 20 fatalities and substantial damage to 
houses, infrastructure, and agriculture were reported due to 
river overflows and flooding.

The period of active genesis of typhoons in August was as-
sociated with large cyclonic circulation anomalies in the lower 
troposphere, encompassing much of the northwestern tropical 

Fig. SB7.7. An infrared satellite image from Himawari-8 
taken at 0300 UTC on 20 Aug 2016. Mindulle, Lionrock, 
and Kompasu would eventually make landfall on north-
ern Japan in late Aug.

Fig. 7.47. Annual precipitation (% of normal; 1981–2010 
base period) averaged over the Russian territory for 
the period 1936–2016. The 11-year running mean 
is shown as a continuous line (the time series was 
“mirrored” before 1936 prior to filtering, but no 
estimate was made for future years after 2016).
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8 June, seven days later than its climatological normal 
date (1 June) and covered the entire country on 13 July 
(two days earlier than normal). 

For India, the long-term average value of the sum-
mer monsoon rainfall, calculated using all data from 
1951 to 2000, is 890 mm. During 2016, the summer 
monsoon seasonal rainfall averaged over the country 
was 97% of its long-term average and was character-
ized by significant spatial and temporal variability. 
The homogeneous region of central India received 

slightly above normal rainfall (106% of average), while 
eastern and northeastern India received only 89% of 
monsoon season long-term average (Fig. 7.49). During 
the season, of 36 meteorological subdivisions, 4 (West 
and East Rajasthan, Konkan & Goa, and Marath-
wada) received excess rainfall, 23 received normal 
rainfall, and the remaining 9 subdivisions received 
deficient rainfall. Nationally averaged rainfall varied 
through the season, but with a predominance of nor-
mal to above-normal conditions (Fig. 7.50).

CONT. SIDEBAR 7.4: ANOMALOUS TYPHOON ACTIVITY IN THE 
NORTHWESTERN PACIFIC AND EXTREME PRECIPITATION 
IN NORTHERN JAPAN IN AUGUST 2016—P. ZHANG, T. C. LEE, A. GOTO, 
S.-Y. YIM, L. OYUNJARGAL, AND B. TIMBAL

Pacific (Fig. SB7.8). The pronounced cyclonic circulation, which 
persisted through the month, may be linked to significantly 
enhanced convective activity to the southeast. The intensified 
convection, in turn, was ignited and sustained in relation to re-
peated intrusions of high potential vorticity air associated with 
the persistent trough over the midlatitude Pacific (Fig. SB7.9).

Meanwhile the northwestern Pacific subtropical high 
(NWPSH), which, during a more typical summer, would prevail 
over the Pacific westward into East Asia and hamper typhoons 

Fig. SB7.8. Stream function anomalies at 850-hPa 
(contours) and OLR anomalies (color, W m−2) for Aug 
2016. Thick and thin contours are drawn at intervals 
of 10 × 106 m2 s−1 and 2.5 × 106 m2 s−1, respectively. For 
the NH, solid and dashed lines indicate anticyclonic 
and cyclonic circulation anomalies, respectively. For 
the SH, vice versa. “L” denotes the center of cyclonic 
circulation anomalies south of Japan associated with 
significantly enhanced convective activity (negative 
OLR anomalies to the southeast of “L”).

Fig. SB7.9. Stream function anomalies at 200-hPa 
(contours) and potential vorticity anomalies at 350K 
(color, PVU) for Aug 2016. Contours are drawn at 
intervals of 2 × 106 m2 s−1, with warm (cool) color in-
dicating anticyclonic (cyclonic) circulation anomalies. 
Note the intrusion into the tropics of high potential 
vorticity air associated with the trough centered over 
the midlatitude Pacific.

heading north toward Japan, was displaced in August. 
Far eastward of its normal position in association with a 
persistent wave train pattern in the upper troposphere 
extending from Eurasia to the mid-Pacific (Fig. SB7.8). The 
conspicuous absence of the NWPSH over and to the im-
mediate east of Japan made it possible for the typhoons 
to find their way on an exceptional track due northward 
over the seas east of Japan to wreak havoc in the northern 
part of the country. 
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During winter (January–February), rainfall over 
India was substantially below normal (44% of average, 
clearly visible in Fig. 7.42b). Precipitation was nor-
mal during the pre-monsoon season (March–May) 
but well below normal (44% of average) during the 
post-monsoon season (October–December). The 
northeasterly monsoon sets in over southern pen-
insular India during October and over Sri Lanka in 
late November. It contributes 30%–50% of the annual 
rainfall over southern peninsular India and Sri Lanka 
as a whole. The 2016 north-
easterly monsoon seasonal 
rainfall over south peninsular 
India was substantially below 
normal (65% of average), the 
lowest in the 116-year record.

Pakistan, at the western 
edge of the pluvial region of 
the south Asian monsoon, re-
ceives 60%–70% of its annual 
rainfall during its summer 
monsoon season (July–Sep-

tember). In 2016, summer monsoon rainfall over 
Pakistan was below normal (84% of average) and was 
marked by spatial and temporal variability. Pakistan 
witnessed well-below-normal rains during July and 
September (75% and 51% of average, respectively). 
Bangladesh generally received above-normal rainfall 
during its 2016 summer monsoon season.

Sri Lanka received below-normal rainfall dur-
ing its summer monsoon season (May–September). 
Northeasterly monsoon rainfall activity over the 
island nation during October to December was sub-
dued, similar to southern parts of India.

 
(iii) Notable events and impacts
Ten soldiers were buried under snow after their 

camp in the northern part of the Siachen glacier 
(Himalayan Glacier, India) was hit by a major snow 

avalanche on 3 February 2016. 
A week of heavy rain dur-

ing the third week of April 
resulted in floods and deadly 
landslides in parts of north-
eastern India. Eighteen peo-
ple were killed in Arunachal 
Pradesh after heavy rain trig-
gered two major landslides on 
22 and 23 April. The heavy 
rain also resulted in “pre-
monsoon” f loods in Assam 
and Nagaland, affecting over 
40 000 people.

A week-long heat wave at the end of April over the 
northern Indian peninsula (Andhra and Telangana) 
and Orissa, coupled with already dry conditions from 
two consecutive deficient monsoons in 2014 and 2015, 
created an acute water crisis for 330 million people 
due to a lack of rain and soaring temperatures. Nearly 
300 people died of heat-related problems, including 
110 in the state of Orissa, 137 in Telengana, and 45 in 
Andhra Pradesh, as temperatures from the beginning 
of April reached 44°C or more in many areas.

Fig. 7.48. Annual mean temperature anomalies (°C; 
1981–2010 base period) averaged over India for the 
period 1901–2016. The 9-year running mean is shown 
as a continuous line (the time series was mirrored at 
both ends prior to smoothing).

Fig. 7.49. Spatial distribution of monsoon seasonal (Jun–Sep) rainfall over 
India in 2016. Actual, normal and anomalies are in mm.

Fig. 7.50. Daily standardized rainfall time series averaged over the core mon-
soon period (1 Jun–30 Sep 2016) over India.
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Lightning from a chain of thunderstorms caused 
93 deaths during 19–21 June over different parts of 
eastern India (Bihar, Uttar Pradesh, and Jharkhand).

Heavy rains and resultant flooding-related inci-
dents in different parts of India during the monsoon 
season claimed the lives of about 550 people, with 
the worst-affected state being Bihar where 146 people 
died during 25 July–3 September.

Many parts of 19 districts in Bangladesh were 
impacted by their most severe floods on record from 
mid-July to early August. These events affected 
3.7 million people and caused about 110 fatalities. 
More than 250 000 houses were reported damaged, 
including nearly 17 000 houses that were washed away 
completely and over 65 000 partially lost to riverbank 
erosion.

In 2016 more than 250 people died from lightning 
in Bangladesh during the warm months of March to 
July, including the three-day period of 12–14 May, 
when 67 people were killed. 

An area of low pressure over Sri Lanka formed 
on 14 May and caused unprecedented heavy rain-
fall across the country. Many stations in Sri Lanka 
received unusually high rainfall amounts during 
a 24-hour period during 15–16 May: Deraniyagala 
(355.5 mm, all-time record), Colombo (256 mm), 
Katunayake (262 mm), Ratmalana (190 mm), Mannar 
(186 mm) and Trincomalee (182 mm). Floods affected 
22 of 25 districts, with more than 100 fatalities (main-
ly due to landslides) and 3.5 million people affected.

5) SoUthWeSt aSia—F. Rahimzadeh, M. Khoshkam, S. Fateh, 
and A. Kazemi

This subsection covers only Iran. Turkey is incor-
porated in the Europe Section 7f. Climate anomalies 
are relative to the 1996–2015 base period.

(i) Temperature
The year 2016 was warmer than average for Iran; 

the mean annual air temperature was 0.5°–1.0°С 
above average. Autumn (September–November) saw 
above-average temperatures across almost the entire 
country (Fig. 7.51b), while all other seasons experi-
enced mixed patterns.

(ii) Precipitation
Iran experienced drier-than-normal conditions 

during 2016. During winter, 28 of its 31 provinces 
experienced critical drought conditions (Fig. 7.52a), 
as did 23 provinces during summer and most parts 
of the country in the fall. MODIS snow data show 
that snow coverage was at 16% of the country in the 
first half of January and down to 0.7% in the first half 

of March. Snow amount and snow cover have both 
decreased significantly in recent decades.

The only relatively wet season overall was spring; 
however, several provinces, especially in the south-
east, still received below-normal precipitation 
(Fig. 7.52b). This season was generally wet in the west, 
north, and northeast, with above-normal precipita-
tion in many regions (more than 200% of normal in 
Lorestan, Khoseztan, and Ilam ). Hence, the effects of 
a dry winter were somewhat offset by the wet spring. 

(iii) Notable events and impacts
On 18 May, a massive sand influx and persistent 

sand storms completely buried 16 villages and endan-
gered another 80, according to the Rigan governor.  
Agricultural production in this area was ruined, at an 

Fig. 7.51. Seasonal 2016 mean surface temperature 
anomalies (°C; 1996–2015 base period) for winter (a) 
and autumn (b). (Source: I. R. of Iran Meteorological 
Organization.)
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Fig. 7.52. Observed 2016 precipitation (% of mean; 
1996–2015 base period) for Iran for (a) winter and (b) 
spring. (Source: I. R. of Iran Meteorological Organiza-
tion.)

estimated cost of 320 billion rials (nearly $9 million 
U.S. dollars).

h. Oceania
1) overvieW—J. A. renwiCK

The climate of the southwest Pacific 
in 2016 was affected by a strong El Niño 
that began in late 2014 and continued 
until late May 2016 when the equatorial 
Pacif ic transitioned to neutral. A 
neutral ENSO state, bordering on 
weak La Niña conditions, continued 
for the remainder of the year. From 
May, a strong negative Indian Ocean 
dipole event developed, contributing 
to Australia’s wettest May–October 
(see Sidebar 7.5). After very strongly 

positive southern annular mode (SAM) conditions 
early in 2016, a period of negative SAM conditions 
set in during late October with unusually windy and 
unsettled conditions over New Zealand through the 
last months of the year.

2) northWeSt paCifiC and MiCroneSia—m. A. lAnder 
And C. p. guArd

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 
Micronesia but excludes the western islands of Kiri-
bati and nearby northeastern islands of Indonesia. See 
Fig. 7.53 for a map of locations mentioned in the text.

(i) Temperature
Temperatures across Micronesia in 2016 were 

mostly well above the 1981–2010 average. The extreme 
warmth was expected in the dry, sunny, and light 
tradewind conditions that dominate the post-peak 
phase of El Niño. Warm anomalies were substantial 
at some islands, such as Saipan, where some of the 
temperature anomalies exceeded +2°C (Table 7.3). 

(ii) Precipitation
Annual totals of rainfall during 2016 were mostly 

below average across all of Micronesia, with some 
new all-time dry records set, especially in the period 
October 2015–March 2016. The regional progression 
of monthly rainfall anomalies throughout the year is 
illustrated well by the time series at Chuuk (Fig. 7.54). 
The wet weather of 2015 was followed by prolonged 
ryness through the first nine months of 2016, with 
a recovery of rainfall noted in the final months of 
the year. The 6-month and annual rainfall values for 
selected locations across Micronesia (along with the 
temperature) are summarized in Table 7.3.

Fig. 7.53. Map showing location of many of the islands and island 
groups mentioned in Section 7h.
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TaBle 7.3.  Temperature and rainfall anomalies for selected Micronesia locations during 2016. The 
average values are for the 1981–2010 base period. Latitudes and longitudes are approximate. “Kapinga” 
stands for Kapingamarangi Atoll in Pohnpei State, Federated States of Micronesia. 

Location Max Temp 
Min Temp Rainfall (mm)

Jan–
Jun

Jul–
Dec

Jan–
Jun

Jan–
Jun

Jan–
Jun

Jul–
Dec

Jul–
Dec

Jul–
Dec

Jan–
Dec

Jan–
Dec

°C °C AVG 2016 % AVG 2016 % 2016 %
Saipan, 
15°N, 
146°E

+2.59
+0.82

+2.47 
+2.08

449.1 359.2 80.0 1322.8 1588.8 120.1 1947.9 109.9

Guam, 
13°N, 
145°E

+1.82
+0.79

+1.15 
+1.00

691.6 475.5 68.8 1788.4 1910.6 107.1 2386.1 96.4

Yap,  
9°N, 138°E

+1.31
+0.34

+0.28 
+0.17

1169.7 597.7 51.1 1902.0 1888.5 99.3 2487.2 81.0

Palau,  
7°N, 134°E

+1.96 
+0.03

+0.91 
+0.19

1717.6 1208.3 70.3 2032.5 1814.3 89.3 3022.6 80.6

Chuuk,  
7°N, 152°E

+0.69 
+0.83

+1.01 
+0.62

1584.2 1257.4 79.4 1833.1 1712.5 93.4 2969.9 86.9

Pohnpel, 
7°N, 158°E

+0.28 
+1.32

−0.42
2266.4 1832.4 80.8 2336.5 2651.0 113.5 4483.4 97.4

+1.67

Kapinga, 
1°N, 155°E N/A N/A 1750.8 1158.5 66.2 1510.5 1124.2 74.4 2282.7 70.0

Kosrae,  
5°N, 163°E

+0.42 
+1.59

+0.35 
+1.86

2567.9 1659.6 64.6 2342.9 2142.0 91.4 3801.6 77.4

Majuro,  
7°N, 171°E

+0.35 
+1.38

+0.35 
+1.37

1368.3 678.4 49.6 1868.2 1956.1 104.7 2634.5 81.4

Kwajalein, 
9°N, 168°E

+0.83 
+0.24

+0.63 
+0.39

801.4 464.1 57.9 1579.1 1733.0 109.7 2197.1 92.3

Legend for Table Colors

Orange Above 
Avg Temp

Blue Below 
Avg Temp

Yellow Below 
Avg Precip

Green Above 
Avg Precip

(iii) Notable events and impacts 
Palau’s Jellyfish Lake suffered a catastrophic loss of 

nearly the entire population of 7 million mature jelly-
fish. The cause is thought to be the high temperatures 
that occur during the drought phase of El Niño. By 
April 2016, Jellyfish Lake was found to be devoid of 
all mature golden jellyfish that typically have popula-
tions of several million. In July 2016, visiting tourists 
reported that there were still no jellyfish in the lake. 
Based on prior jellyfish population decimations, it 
may take over a year before the population begins to 
recover. The last major die-off of jellyfish occurred 
during the strong 1997/98 El Niño event.

Fig. 7.54. Monthly rainfall (mm) for 2015/16 at the 
Weather Service Office (WSO) Chuuk Lagoon (black 
bars) and at Lukunoch Atoll, Mortlock Island group, 
Chuuk State (gray bars).
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3) SoUthWeSt paCifiC—e. CHAndler And 
S. mCgree

Countries considered in this sec-
tion include: American Samoa, Cook 
Islands, Fiji, French Polynesia, Kiri-
bati, New Caledonia, Niue, Papua New 
Guinea, Samoa, the Solomon Islands, 
Tonga, Tuvalu, and Vanuatu. Air tem-
perature and rainfall anomalies are 
relative to the 1981–2010 period. See 
Fig. 7.53 for a map of locations men-
tioned in the text.

(i) Temperature
Mean air temperatures over the 

southwest Pacific were strongly in-
fluenced by El Niño at the beginning 
of 2016, with temperature anomalies 
along the equator east of the date line 
falling dramatically during the second quarter of 
the year as the Pacific transitioned towards a neutral 
ENSO state. Equatorial eastern Pacific temperatures 
during the second half of the year were below normal, 
reflecting the borderline La Niña state.

Mean air temperature anomalies were positive 
in many areas across the southwest Pacific during 
January–March (Fig. 7.55a). Anomalies exceeded 
+1.5°C along the equator east of the date line. Negative 
anomalies of up to –1.5 °C occurred to the south 
of French Polynesia. During April–June, positive 
anomalies centered on the equator weakened sub-
stantially (Fig. 7.55b) and negative anomalies south of 
French Polynesia also weakened. Positive anomalies 

over Queensland, Australia, and the Coral Sea region 
increased, especially over the Australian landmass. 

Negative anomalies (below –0.25°C) occurred near 
the equator over the eastern Pacific during the second 
half of the year, while temperatures were generally 
near- or above normal in the far west of the region, 
and south of 20°S (Figs. 7.55c,d).

(ii) Precipitation
Rainfall patterns and the positions of the major 

convergence zones during January–March were simi-
lar to those observed during previous strong El Niño 
events. The intertropical convergence zone (ITCZ) 
was displaced southward and the South Pacific con-

vergence zone (SPCZ) displaced to the 
northeast (Fig. 7.56a). This resulted in 
above-normal rainfall across Kiribati, 
northern Tuvalu, the northern Cook 
Islands, and in parts of Papua New 
Guinea (Highlands and New Guinea 
Islands). Below-normal rainfall was 
observed across southern Papua New 
Guinea, most of the Solomon Islands 
and Fiji, central and southern Tuvalu, 
northern Tonga, Samoa, and the south-
ern Cook Islands. January–March 
rainfall was the lowest on record at 
Taro (northern Solomon Islands, 
420.0 mm, since 1975), Sola (569.7 mm, 
northern Vanuatu, since 1971), Lamap 
(210.7 mm, northern Vanuatu, since 
1961), and Port Vila (197.4 mm, south-
ern Vanuatu, since 1953). Record high 

Fig. 7.55. Southwest Pacific 2-m air temperature anomalies (°C; base 
period 1981–2010) for (a) Jan–Mar, (b) Apr–Jun, (c) Jul–Sep, and (d) 
Oct–Dec 2016. (Source: ECMWF ERA-Interim reanalysis.) 

Fig. 7.56. Estimated precipitation anomalies (mm d−1; base period 
1981—2010) from the NOAA CMAP dataset, for (a) Jan–Mar, (b) 
Apr–Jun, (c) Jul–Sep, and (d) Oct–Dec 2016. (Source: NOAA, 
www.esrl.noaa.gov/psd/data/gridded/data.cmap.html.)

AUGUST 2017STATE OF THE CLIMATE IN 2016 | S223



rainfall was observed at Tarawa (1880.8 mm, western 
Kiribati, since 1950).

Rainfall during April–June exhibited aspects of 
an El Niño-like pattern (Fig. 7.56b) with the SPCZ 
continuing to be displaced towards the northeast. 
The central Solomon Islands, western Fiji, Tonga, 
and Samoa were wetter than normal, which in the 
case of the countries closer to the date line, was due 
to a very wet April. Record high rainfall was observed 
at Apia (1121.4 mm, Samoa, since 1890), Fua’amotu 
Airport (1078.6 mm, southern Tonga, since 1979) and 
Nanumea (1139.9 mm, northern Tuvalu, since 1941). 
April–June rainfall was the lowest on record at Sola 
(532.5 mm, northern Vanuatu, since 1971).

The transition from an El Niño to a neutral state 
resulted in a muted rainfall pattern across the South 
Pacific from July to September (Fig. 7.56c). The ITCZ 
was displaced north of its normal position. The SPCZ 
showed month-to-month variability during this pe-
riod, and rainfalls were mostly near normal south of 
the equator. During October–December, the ITCZ 
continued to be displaced north of its mean position 
and the SPCZ was variable. Rainfall was below nor-
mal in Kiribati, northern and central Tuvalu, and in 
the northern Cook Islands. Rainfall was normal to 
above normal from Papua New Guinea southeast to 
the southern Cook Islands. In Fiji, October–Decem-
ber rainfall was the highest on record at Yasawa-i-
Rara (671 mm, since 1950), Suva (762 mm, since 1942), 
and Navua (928 mm, since 1945). 

The impact of the El Niño in the southwest Pacific 
in 2016 is likely to have been greatest in Vanuatu. 
Annual rainfall was the lowest on record at Lamap 
(1197 mm, since 1961) and Port Vila (956.0 mm, since 
1953) and in the lowest 10% of observations at the 
other five observation stations on the island.

(iii) Notable events and impacts
Severe Tropical Cyclone Winston was one of 

the strongest tropical cyclones to make landfall in 
the southwest Pacific in recorded history. Early on 
15 February, while located to the far south of Fiji, 
Winston took a northeast turn towards southeast Fiji 
and Tonga. On 17 February, while east of Tonga, the 
cyclone made a clockwise loop then tracked westward 
back toward central Tonga. In the process, Winston 
rapidly intensified once again, reaching category 5 
intensity on both the Australian tropical cyclone scale 
and the Saffir–Simpson hurricane wind scale on 19 
February. The storm passed directly over the east-
ern Fijian island of Vanua Balavu, where a recently 
installed automatic weather station recorded a wind 
gust of 306 km h−1. The cyclone reached its peak on 

20 February, shortly before making landfall on Viti 
Levu, Fiji (Fig. 7.57). While over Fiji on 20 February, 
Winston inflicted extensive damage and killed 44 
people. About 40 000 homes were damaged or de-
stroyed, and approximately 40% of Fiji’s population 
were significantly impacted by the storm. Damage 
in Fiji alone was estimated to be on the order of FJ$3 
billion ($1.4 billion U.S. dollars). See Chapter 4f8 for 
more details about Winston. 

4) aUStralia—C. gAnTer And S. ToBin
(i) Temperature
Australia’s annual mean temperature for 2016 was 

0.56°C above the 1981–2010 average, making it the 
fourth warmest year on record since national observa-
tions commenced in 1910. The decade ending 2016 was 
0.27°C above average, marking the warmest ten-year 
period in Australian records. Sea surface temperatures 
(SSTs) around Australia were the highest on record an-
nually, based on ERSSTv4 data. SSTs around Australia 
have been persistently high in recent years, as they were 
throughout 2016, with a range of negative impacts on 
fisheries and coral reefs. 

Land temperatures were persistently above average 
over Australia throughout 2016, with national average 
maxima lower than average only for January, August, 
September, and October, and the national minima 
lower than average only for October and November. 
Mean temperatures from February to July were among 
the nine highest on record for their respective months. 
Following a warm summer, there were frequent warm 
spells during autumn, contributing to Australia’s 
warmest March and warmest autumn on record (see 
Notable events and impacts below). Winter was also 
warmer than average, and while spring remained 
warm for the northern tropics, it was cooler than aver-
age for parts of southern Australia in September and 
October. December brought a warm finish to the year 
for the eastern states and South Australia.

Fig. 7.57. Radar image showing Tropical Cyclone Win-
ston making landfall over Viti Levu, Fiji, on 20 Feb 2016 
(Source: Fiji Meteorological Service.)
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Austra l ian mean ma ximum temperatures 
(Fig. 7.58) were 0.40°C above average and mean 
minimum temperatures (Fig. 7.59) were 0.72°C above 
average. Minimum temperatures were second highest 
on record, behind 1998. Annual mean temperatures 
were record high for the tropics and parts of the east 
coast and southern Tasmania, and above average for 
almost all of Australia.

Maxima were in the highest 10% of observations 
for northern Australia, the eastern seaboard, and 
Tasmania, and above average for most of the remain-
der of the eastern states and eastern South Australia. 
Annual mean maxima were the highest on record for 
large areas of the far tropical north. 

Minima were in the highest 10% of observations 
over nearly all of Australia, and the highest on record 
for Tasmania, most of Victoria, southern to south-
eastern New South Wales, western Queensland, and 
areas of northern Australia. Only southwest Western 
Australia and parts of southern South Australia 
experienced annual minima close to the long-term 
average.

(ii) Precipitation 
Rainfall averaged across Australia for 2016 was 

545 mm, or 113% of the 1981–2010 average, ranking 
15th wettest in the 117-year national record. Most 
of the country had a wetter-than-average year, but 
scattered pockets in tropical northern Australia and 
parts of the east and west coasts experienced an aver-
age to drier-than-average year. Large parts of central 
and southeast Australia had annual rainfall in their 
highest 10% of records (Fig. 7.60).

All states had above-average annual rainfall for 
2016. Tasmania experienced its second wettest year 
since 1900, and South Australia its fourth. Victoria 
and New South Wales were the only other two states 
in the top 20, ranking 14th and 15th wettest, respec-
tively. This was a dramatic change for Victoria and 
Tasmania, both of which had low annual rainfall dur-
ing 2014 and 2015, and began 2016 with large areas of 
long-term rainfall deficiencies. 

Additionally, parts of southwest Australia, south-
east South Australia, and inland Queensland began 
2016 with rainfall deficiencies on a range of one to 
four-year timescales. Deficiencies persisted until 
April, after which good rainfall brought relief across 
these regions as the year progressed. 

El Niño was a strong driver of Australia’s rainfall 
at the start of 2016, with the first four months of 
the year relatively dry for northern Australia. The 
northern Australian wet season (October 2015 to 
April 2016) had a very wet December (largely as a 

result of a single low pressure system), but the season 
overall was the driest wet season in more than 20 
years. January in particular was dry for the far north 
of Australia, with small areas experiencing their 
driest January on record. It was a quiet season for 
tropical cyclones (November 2015–April 2016), with 

Fig. 7.58. Maximum temperature anomalies (°C) for 
Australia, averaged over 2016, relative to 1981–2010. 
(Source: Australia Bureau of Meteorology.)

Fig. 7.59. Minimum temperature anomalies (°C) for 
Australia, averaged over 2016, relative to 1981–2010. 
(Source: Australia Bureau of Meteorology.)
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only three storms recorded in the Australian region 
(compared to a long-term average of 11)—the lowest 
number since satellite records began in the 1970s. 
From May through the rest of the year, only southwest 
Australia, a region that has seen a long-term drying 
trend, experienced below-average rainfall. 

With the decline of the negative Indian Ocean 
dipole, November to December rainfall continued 
to be above average across most of the northwest and 
central Australia, while much of eastern Australia 
experienced below-average rainfall. December saw a 
tropical low track across northwest Australia and into 
the interior, which brought very heavy rain to affected 
regions (see Notable events and impacts).

(iii) Notable events and impacts
El Niño, in combination with background global 

warming, led to record high SSTs around Australia 
during the first half of 2016 (using ERSSTv4 records 
back to 1900). Coral bleaching in the northern Great 
Barrier Reef was the worst in the 32-year monitoring 
record, affecting a region of some 1000 km, while in 
the reefs to Australia’s northwest it was only the third 
time a major bleaching event has ever been recorded. 
SSTs were also record high around Tasmania and 
across parts of the Tasman Sea, in part driven by 
a southward extension of the East Australian Cur-
rent. This was associated with the longest and most 

intense marine heatwave on record for the southeast 
Australian region, with outbreaks of disease in aqua-
culture and the loss of cold-water kelp forests along 
the Tasmanian coast. The dry and warm conditions 
with low cloudiness during the northern Australian 
wet season contributed to widespread mangrove 
deaths along the northern coastline.

Excessive heat was not restricted to the oceans—
during late February and the first half of March a 
prolonged heatwave affected much of Australia, 
especially the southeast. This was attributed to weak 
monsoonal rainfall over northern Australia leading 
to a build-up of heat, which by the first week of March 
had extended to cover almost all of Australia, with 
numerous daily records set. 

In northwest Tasmania bushfires occurred over 
a large area occurred during January and February 
following an extended dry period; about 123 800 ha 
burned mostly in remote areas, with smoke reaching 
Hobart and southern Victoria on occasion. At the 
start of 2016 there were also significant fires near 
Lorne in Victoria and in southwest Western Australia 
affecting Yarloop and Waroona. These events led to 
the loss of many houses with a number of deaths.

By May, El Niño broke down and the dry start 
to the year was followed by a record-wet May to 
September period as a negative Indian Ocean dipole 
developed and took over as Australia’s primary cli-
mate driver (see Sidebar 7.5). 

An East Coast low caused major coastal flooding 
and erosion in New South Wales in early June, with 
f looding also affecting Victoria and large areas of 
Tasmania. 

There were also significant storm and wind events 
that affected the southeast during the wet period. 
In the Murray–Darling Basin, already wet soils and 
high river levels meant excessive rain caused flooding 
in many areas of inland New South Wales and the 
north and west of Victoria throughout September 
and October.

Flooding occurred from June to September in 
western, central, and southern Queensland following 
the state’s second wettest winter on record. Waters 
in this inland drainage basin can take many months 
to progress through the system. Significant flooding 
also occurred in Tasmania during January and in 
each month of spring.

Spring saw a number of damaging severe storms. 
In late September severe thunderstorms and multiple 
tornados caused widespread damage in South Aus-
tralia. On 21 November widespread thunderstorms 
affected Victoria, igniting grassfires in the north and 

Fig. 7.60. Rainfall deciles for Australia for 2016, based 
on the 1900–2016 distribution. (Source: Australia 
Bureau of Meteorology.)
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SIDEBAR 7.5: STRONG NEGATIVE INDIAN OCEAN DIPOLE 
ASSISTS IN AUSTRALIA’S WETTEST MAY–OCTOBER—C. GANTER 
AND S. TOBIN

The combination of the decay of the 2015/16 El Niño and 
a strong negative Indian Ocean dipole (IOD) from mid-May 
to mid-November helped bring Australia its wettest May to 
October on record (Fig. SB7.10). All six months had above-
average rainfall for the country, with the second wettest June 
and September on record for Australia, sixth wettest May, and 
tenth wettest August. Despite challenges involving flooding and 
water-logging for the southern cropping regions in Australia, 
wheat forecasts at the end of 2016 indicated a record high wheat 
crop for 2016/17. 

Flooding affected many areas during this wet period and was 
most widespread during September. Regions most significantly 
affected were central New South Wales, northern and western 
Victoria, southwestern Queensland, eastern Tasmania, and 
southeast South Australia. In Queensland, while the flood levels 
were substantially lower than those that have occurred during 
summer and autumn on numerous occasions in the past, they 
were unusual for winter–spring, which is typically a drier period 
in the annual cycle.  

The heavy rainfall in September was more than double the 
long-term average over large parts of the country (Fig. SB7.11) 

and was especially noteworthy for the number of rainfall events 
rather than the extreme nature of any one particular event. 
Across the eastern states of Queensland, New South Wales, 
and Victoria, 168 stations (with at least 50 years of record) had 
their wettest September on record, but only 38 had their wet-
test September day on record. 

However, the Northern Territory and an area near Adelaide 
in South Australia both had extreme rainfall at daily timescales. 
Prior to 2016, there were only six instances of September daily 
rainfall totals exceeding 100 mm in the Northern Territory. On 
19 September alone, six stations achieved this feat. The high-
est total that day, 168.2 mm at Mainoru, was the third wettest 
September day on record for a Northern Territory site (close 
behind the record of 177.4 mm set on 24 September 1998). In 
the Adelaide region, 101.4 mm fell at Uraidla on 15 September, 
and 100.2 mm at Ashton, with the former’s total the highest 
daily September rainfall on record for the Adelaide region and 
sixth highest for South Australia. 

For further details on the May–September period, see Spe-
cial Climate Statement 58 (www.bom.gov.au/climate/current 
/statements/scs58.pdf). 

Fig. SB7.10. Rainfall deciles for Australia for 1 May–31 
Oct 2016, based on the 117-year record for 1900–2016 
record. (Source: Australia Bureau of Meteorology.)

Fig. SB7.11. Percent of normal rainfall for Australia 
for Sep 2016, based on the 1981–2010 distribution. 
(Source: Australia Bureau of Meteorology.)
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triggering thousands of incidents of thunderstorm 
asthma—the worst such event recorded in Australia.

A tropical low at the end of the year brought ex-
ceptional rainfall to a number of regions between the 
northwest and the southeast of Australia. This 1-in-50 
year rainfall event caused flooding in the Kimberley 
and flash flooding around Uluru in central Australia 
and around Adelaide, Melbourne, and Hobart. South-
east Australia also experienced exceptional humidity 
during the event. 

For further detail on these and other significant 
events please see Monthly Weather Reviews, Spe-
cial Climate Statements, and the Annual Climate 
Statement—all available from (Australian) Bureau 
of Meteorology, www.bom.gov.au/climate/current/.

5) neW Zealand—G. R. Macara
In the following discussion, the base period is 

1981–2010 for all variables, unless otherwise noted. 
The nationwide average temperature is based upon 
NIWA’s seven-station temperature series that be-
gins in 1909 (www.niwa.co.nz/our-science/climate 
/information-and-resources/nz-temp-record/seven 
-station-series-temperature-data). All statistics are 
based on data available as of 9 January 2017.

(i) Temperature
According to NIWA’s seven-station temperature 

series, 2016 was New Zealand’s warmest year in the 
108-year period of record. The nationwide average 
temperature was 13.4°C (0.8°C above the annual 
average). Annual mean temperatures were above 
average (at least +0.5°C) across much of the country 
(Fig. 7.61a). The three warmest months in 2016, in 

terms of the nationwide temperature anomaly, were 
February (+2.2°C), May (+2.1°C), and June (+1.6°C). 
Notably, these months were New Zealand’s warmest 
May, second warmest February, and third warmest 
June on record. August (0.5°C below average) and 
December (0.3°C below average) were the only two 
months in 2016 when the nationwide average tem-
perature was below average. The monthly sequence 
of temperature anomalies was broadly consistent 
with strongly positive southern annular mode (SAM) 
conditions for the first half of the year, and a transi-
tion to neutral or negative SAM conditions toward 
the end of the year.

The highest recorded air temperature for 2016 
was 35.5°C, recorded at Clyde and Alexandra (Cen-
tral Otago) on 3 February. The lowest recorded air 
temperature for 2016 (excluding high altitude alpine 
sites) was −14.1°C, observed at Mt. Cook Airport 
(Canterbury) on 8 August.

(ii) Precipitation
Annual rainfall totals for 2016 were near normal 

(80%–120% of the annual normal) for much of the 
country (Fig. 7.61b). However, annual rainfall was 
above normal (120%–149%) in the west and north 
of the South Island and isolated southwestern parts 
of the North Island. It was an especially wet year in 
Milford Sound (Fiordland) which observed its wet-
test year on record (since 1929; 9259 mm, 138% of 
normal). In contrast, no locations observed record 
or near-record low annual rainfall totals. Annual 
rainfall was below normal (50%–79%) in parts of the 
eastern North Island south of Napier and parts of the 
eastern South Island north of Christchurch. Decem-

ber was a particularly dry month for 
New Zealand with locations from as 
far north as Kaitaia (Northland) to 
as far south as Nugget Point (south 
Otago) recording <50% of normal 
December rainfall.

Of the regularly reporting rain-
fall gauges, the wettest location in 
2016 was Cropp River, in the Hoki-
tika River catchment (West Coast, 
South Island), with an annual rain-
fall total of 11 921 mm. The driest 
of the regularly reporting rainfall 
sites in 2016 was Cromwell (Central 
Otago), which recorded 338 mm of 
rainfall. North Egmont (Taranaki) 
experienced the highest 1-day rain-
fall total for all of New Zealand in 
2016 of 350 mm on 17 February.

Fig. 7.61. (a) 2016 annual mean temperature anomaly (°C) and (b) 2016 
annual total rainfall (%), relative to 1981–2010. (Source: NIWA.)
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Fig. 7.62. Notable weather events and climate extremes for New Zealand in 2016. 
(Source: NIWA.)

Large-scale inf luences on New Zealand were 
mixed in 2016. El Niño conditions, present during 
the first few months of the year, are normally as-
sociated with strong westerly flow over the country 
and above-average precipitation in western regions. 
However, strongly positive SAM conditions present at 
the same time are associated with the opposite pattern 
of weaker westerlies and reduced precipitation in the 
west. Toward the end of the year, a strongly negative 
SAM was associated with increased precipitation in 
the west of the country.

(iii) Notable events and impacts
See Fig. 7.62 for a schematic of notable events. 

In June 2016, the Ministry for Primary Industries 
extended the drought classification for the east coast 
of the South Island through the end of December 
2016. This South Island drought was classified as a 
medium-scale adverse event, and regions included 

were Marlborough, Canterbury, and parts of Otago 
(Central Otago, Dunedin, and Waitaki). These re-
gions were initially classified as in drought on 12 
February 2015, making this the longest period of this 
type of drought classification in New Zealand. Some 
wells in Canterbury showed groundwater at record 
low levels during the event.

During 5–8 August, a significant snow event 
impacted the central and eastern North Island. 
The heavy snowfall was rare for the area, with 
approximately 50–70 cm of snow reported down 
to 700 m a.s.l., and snowfall reported as low as 
200 m a.s.l. A number of major highways were forced 
to close, and many trucks were stranded by the heavy 
snow. More than 10 000 people were without power 
in Hawke’s Bay and rural areas around Taupo after 
snow overloaded transmission lines. The snow event 
brought down approximately 200 power poles across 
the region.
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