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ABSTRACT

The El Nifio-Southern Oscillation (ENSO) phenomenon is a major contributor to the observed year-to-year vari-
ability in the Pacific Ocean and in the global atmospheric circulation. The short-term climate system witnessed the
return to the mature phase of warm ENSO conditions (commonly referred to as the El Nifio) during early 1995 for the
third time in four years. This frequency of occurrence is unprecedented in the last 50 years and is comparable to that
observed during the prolonged 1911-15 ENSO episode.

These warm ENSO conditions contributed to a large-scale disruption of the normal patterns of wind, rainfall, and
temperature over much of the tropics and middle latitudes, particularly during the December 1994-February 1995 pe-
riod. This period was followed by a dramatic decrease in sea surface temperatures in the tropical Pacific, resulting in a
complete disappearance of all warm episode conditions during June-August and in the development of weak cold-
episode conditions during September-November.

Changes in the tropical Pacific were accompanied by pronounced, large-scale changes in the atmospheric circula-
tion patterns from those that had prevailed during much of the carly 1990s. Particular examples of these changes in-
clude 1) a dramatic return to a very active hurricane season over the North Atlantic, following four consecutive years of
significantly below-normal hurricane activity; 2) the return to above-normal rainfall throughout Indonesia, northern
Australia, and southern Africa, following a prolonged period of below-normal rainfall and periodic drought; and 3) a
northward shift of the jet stream and storm track position over the eastern half of the North Pacific during the latter part
of the year, following several winter seasons (three in the last four) characterized by a significant strengthening, south-
ward shift, and eastward extension of these features toward the southwestern United States.

Other regional climate anomalies during 1995 included extreme warmth throughout western and central Asia dur-
ing January-May and colder than normal conditions in this region during November—December, severe flooding in the
midwestern United States (April-May), abnormally wet conditions in California and the southwestern United States
(December—February) combined with near-record warmth over eastern North America, deadly heat waves in the cen-
tral United States (mid-July) and India (first three weeks of June), drought in the northeastern United States (August),
a drier-than-normal rainy season in central Brazil (September—December), and an intensification of drier-than-normal
conditions over southern Brazil, Uruguay, and northeastern Argentina at the end of the year.

The global annual mean surface temperature for land and marine areas during 1995 averaged 0.40°C above the 1961~
90 mean. This value exceeds the previous warmest year in the record (1990) by 0.04°C. The Northern Hemisphere also
recorded its warmest year on record during 1995, with a mean departure from normal of 0.55°C. The global annual
mean surface temperature for land areas only during 1995 was the second warmest since 1951,

The year also witnessed near-record low ozone amounts in the Southern Hemisphere stratosphere, with minimum
values only slightly higher than the record low values observed in 1993. The areal extent of very low ozone values
during 1995 was as widespread over Antarctica as in the record low year of 1993.
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1. Introduction

There is considerable interest in interannual climate
variations over the globe, as well as concern about the
possibility of anthropogenic climate change. For the
past five years, the Climate Prediction Center (CPC)
has produced an annual Climate Assessment designed
to provide a timely summary of both the short-term
climate system and of longer-term climate variations.
This article is the first of this series to appear in the
Bulletin of the American Meteorological Soctety.

This Annual Assessment documents global-scale
climate variations and trends, the evolution of recent
oceanic and atmospheric anomalies in the global trop-
ics, and selected regional climate variations. A dis-
cussion of global atmospheric temperatures, trace
gases and the cryosphere is found in section 2. In sec-
tion 3, the large-scale conditions in the tropics between
1990 and 1994 are described, followed by a discus-
sion of the transition from warm episode to cold epi-
sode conditions in the Pacific during 1995. Section 4
documents regional climate highlights dur-
ing the past year, including the Indian Mon-
soon, African rainfall, and notable short-

§3

A companion article, to be published in the Jour-
nal of Climate, will provide a more detailed diagnos-
tic description of major oceanic and atmospheric
anomalies observed during 1995. That annual article
will replace the Seasonal Climate Summaries, which
have appeared previously in the Monthly Weather Re-
view and more recently in the Journal of Climate.

2. Climate and global change issues

a. Surface temperatures

Estimated global (land area only) mean tempera-
ture anomalies during 1995 [computed using meteo-
rological station data received over the Global Tele-
communications System (GTS) relative to the 1951—
80 base period means] were the second largest in the
historical record (0.42°C), ranking behind the warm-
est year of 1990 (0.52°C), and slightly ahead of 1991
(0.41°C) and 1994 (0.41°C) (Fig. 1). This marks a
continuation of the warmer-than-normal global-land
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NCAR/NCEP Climate Data Assimilation
System (CDAS)/Reanalysis Project. Selected
analyses were also obtained from interna-
tional climate data centers.

Bulletin of the American Meteorological Society

'0.8 [l [l A L 'l A ] A 'l
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

Fic. 1. Annual temperature anomalies (land only, °C): (a) global, (b)
Northern Hemisphere, and (¢) Southern Hemisphere. Anomalies are
departures from the 1951-80 base period means. (Source: CPC)
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temperatures that have been observed for the past 10
years. In addition, the four warmest years since 1951
have occurred during the decade of the 1990s. Much
of the warmth during 1995 was concentrated in the
Northern Hemisphere (Fig. 1b), as the mean annual
Southern Hemisphere temperature was only the elev-
enth warmest since 1951 (Fig. 1c).

Record warmth over land occurred during the De-
cember 1994-February 1995 (DJF) and June—August
1995 (JJA) seasons (Figs. 2a, c). The 1994/95 DJF
temperature was slightly more than +0.80°C above
normal and was larger than any seasonal departure ob-
served since 1951. The estimated global-land tempera-
tures during the March-May (MAM) and September—
November (SON) seasons were also above normal
during 1995 (Figs. 2b, d), but not at the record ex-
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tremes observed during the winter and summer. This
observation contrasts with the past decade, in which
much of the anomalous warmth occurred during the
first half of the year. For example during the last 10
years, the global DJF and MAM land temperatures av-
eraged more than 0.40°C above normal, while the JJA
and SON temperatures averaged near 0.25°C and
0.15°C above normal, respectively.

The estimated global mean surface temperature for
land and marine areas combined is derived from ob-
servations at land stations and from sea surface tem-
peratures (SSTs) measured by ships and buoys. The
global temperature for 1995 was 0.40°C above the
1961-90 average (Fig. 3). This anomaly exceeds the
previous warmest year in the record (1990) by 0.04°C.
The Northern Hemisphere also experienced record
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Fic. 2. Global temperature anomalies (land only, °C) for (a) December—February, (b) March-May, (c¢) June—-August and, (d)
September-November. Anomalies are departures from the 1951-80 base period means. (Source: CPC)
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warmth during 1995 with temperatures averaging
0.55°C above normal, while Southern Hemisphere
temperatures (0.23°C above normal) were not as

warm as 1983 or 1987 and were
about equal to 1990, 1991, and 1993.

A major contributor to the anoma-
lous warmth during 1995 was well-
above-normal temperatures over
northern Eurasia (Fig. 4). Tempera-
tures averaged more than 3.0°C
above normal over Siberia during the
year, with monthly anomalies during
January and February exceeding
+10.0°C across parts of this region
(see Section 4b). A time series aver-
aged over the countries which for-
merly comprised the Soviet Union
(Fig. 5) shows 1995 to be the warm-
est year since 1891 for that region
(+2.1°C above normal), far surpass-
ing the previous record anomaly of
+1.4°C set in 1990.

Elsewhere, annual mean surface
land temperatures were also signifi-
cantly above normal across Alaska,

S5

northwestern Canada, and Europe (which experienced
a very warm summer, see Section 4b). Colder-than-
normal annual mean land temperatures during the year
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FiG. 3. Global annual averages of combined land-air and SST anomalies (°C).
Anomalies are departures from the 1961-90 base period means. Yearly values are
indicated by the bars. Smoothed values (red curve) were obtained using a 13-term
Gaussian filter designed to suppress variations on time scales less than 10 years.
(Source: Hadley Centre for Climate Prediction and Research, UK, and Climatic
Research Unit, Univ. of East Anglia, UK)
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Fic. 4. Surface temperature anomalies (°C) for January-December 1995. Analysis is based on station data over land and on
SST data over the oceans. Anomalies for station data are departures from the 1961-90 base period means, while SST anomalies
are departures from the 1950-79 adjusted OI climatology (Reynolds and Smith 1995). White areas are regions with insufficient

data for analysis. (Source: CPC)
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were restricted to southern Australia 3.0
and Greenland (Fig. 4).

The dissipation of warm episode
(El Nifto—Southern Oscillation) con-
ditions in early 1995 and the devel-
opment of weak cold-episode condi-
tions by the end of the year (see Sec-
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tion 3) is evident in the pattern of be- -1.0 r

low-normal SSTs in the eastern equa- 5

torial Pacific (Fig. 4). However, most = | e 5a

of the remainder of the tropical and 5.0 i i Ly | ‘
subtropical oceans recorded above- 1860 1600 161018204650 1640 1850" 196046704580 1665 2000

normal temperatures for the year as
a whole, with anomalies greater than
1.0°C covering parts of the Atlantic
Ocean (Fig. 4). In contrast, tempera-
tures averaged cooler than normal
during 1995 throughout the North 1.5
Pacific and the northern North Atlan-
tic. Large parts of the Southern
Hemisphere oceans south of 40°S
also averaged colder than normal
during 1995, especially south of New
Zealand.

Regional time series for the con-
tiguous United States (Fig. 6) and
Australia (Fig. 7) show that 1995
temperatures were also above normal
in these countries (0.3°C and 0.08°C -1 5~ T T T T T T T T T T T T T T I T
dbovesanmal,respectively); Ovesall, 695 1905 1915 1925 1035 1945 1055 1965 1975 1985 1995
1995 was the 20th warmest year in Fic. 6. Annual surface temperature anomalies (°C) for the contiguous United States.
the United States since 1895 and the ~ Anomalies are departures from the 1961-90 base period means. (Data provided by
23rd warmest year in Australia since the National Climatic Data Center/NOAA)

1910. In the United States, Decem-

ber 1994—February 1995 (DJF) was 15
especially warm, ranking as the 5th AUSTRALIA
warmest since 1895. During this
season, one-third of the country
was much warmer than normal (up-
per tenth percentile), while none of
the country was much colder than
normal.

Fig. 5. Annual surface temperature anomalies (°C) for the former Soviet Union.
The red curve is an 11-year running mean. Anomalies are departures from the 1951—
80 base period means. (Source: Institute for Global Climate and Ecology, Russia)

UNITED STATES

ANOMALY (°C)
o
P

S
@

2
2

—_—
=

e
(2]

ANOMALY (°C)
o
o

t t
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Year (1910-1995)

Fic. 7. Annual surface temperature anomalies (°C) for Australia. Anomalies are
departures from the 1961-90 base period means. (Source: Australian Bureau of
Meteorology)
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b. Tropospheric/stratospheric temperatures

1) TROPOSPHERE

The global-mean tropospheric temperature is moni-
tored by two independent observing systems: radio-
sondes and polar-orbiting satellites. The global radio-
sonde record began in 1958 and has the advantage of
arelatively long time series of directly measured tem-
peratures. The satellite record began in 1979 and has
the advantages of 1) sampling the atmosphere with one
type of instrument at any given time; and 2) global
sampling, with most of the earth sampled twice-daily
from each of two instruments flying concurrently on
different satellites (Spencer et al. 1990).

57

The radiosonde observations for 1995 (Fig. 8a)
indicate a mean tropospheric temperature anomaly of
0.25°C, computed with respect to the 1961-90 base
period (red bars). This value is the highest annual, glo-
bal mean anomaly observed since the eruption of Mt.
Pinatubo in 1991, but is below the extremely warm
1987-1991 period. The 1995 radiosonde-estimated
anomaly is also larger than any value recorded prior
to 1979, the beginning of the satellite record.

The satellite-based temperature anomalies (Fig.
8b), obtained from measurements taken by the Micro-
wave Sounding Unit (MSU) channel 2R flown aboard
the polar-orbiting satellites (Spencer et al. 1990) and
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Fig. 8. (a) Annual global-tropospheric temperature P~
anomalies (850-300 hPa) derived from radiosonde data based g 0.2
on a 63-station network. Anomalies are departures from the =~ 0.1
1961-1990 base period means (red bars) and from the 1982~ 5 ’
1991 base period means (blue bars). (b) Annual global- <C 0.0
tropospheric temperature anomalies (°C) derived from the =
MSU channel 2R. Anomalies are departures from the 1982~ g -0.1
1991 base period means. [Data in (a) provided by the Air < 55
Resources Laboratory and in (b) by the University of ’
Alabama at Huntsville.] -0.3
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calculated with respect to the 1982-91 period, show
an annual global-mean anomaly of 0.03°C for 1995.
This value is well below the magnitude of the positive
anomalies experienced during the 1987-1991 period.
The radiosonde time series (red bars in Fig. 8a) ap-
pears to show substantially larger departures in tro-
pospheric mean temperature than the MSU time se-
ries for the past two decades (Fig. 8b). However, these
differences are largely attributed to
the different base periods from
which the anomalies are calcu-
lated. When the radiosonde and
MSU anomalies are calculated
from the same base period (1982—
91), both time series (blue bars in
Figs. 8a, b) become remarkably
similar. These independent esti-
mates lend credibility to both mea-
surement techniques used in quan-
tifying global-mean tropospheric
temperature anomalies. Note also
that there are large-amplitude swings
in global-mean temperatures occur-
ring over periods of decades. Nei-
ther time series is sufficiently long
to accurately assess this variability.
The positive global tropospheric
temperature anomaly for 1995
could be interpreted as a recovery
from the Mt. Pinatubo-related tro-
pospheric cooling, which domi-
nated these time series for the pre-
vious three years. It also suggests
that the developing cold episode in
the equatorial Pacific was yet to be
felt in the global, annual mean tem-
perature. However, the influence of
this cold episode is evident in the
pattern of below-normal mean an-
nual temperatures throughout the
eastern equatorial Pacific (Fig. 9).
Elsewhere, the spatial pattern of
annual mean tropospheric tempera-
ture anomalies shows a predomi-
nance of positive anomalies in the
middle and high latitudes of the
Northern Hemisphere. These con-
ditions are in strong contrast to the
mean negative anomalies observed
in the Southern Hemisphere pole-
ward of 30°S at most longitudes.

-1.5-1.2-0.9-0.6 -0.3 0

-2.5 -2

December 1995 featured a dramatic drop to below-
normal global mean tropospheric temperatures
(=0.23°C). This drop resulted from a pronounced shift
to below-normal temperatures in the Northern Hemi-
sphere extratropics (Fig. 10), and from a continued de-
crease in temperatures throughout the global tropics,
presumably in association with a strengthening of cold
episode conditions in the tropical Pacific.

0.3 0.6 0.9 1.2 1.5

Fic. 9. Mean annual tropospheric temperature anomalies for 1995 derived from the
Microwave Sounding Unit (MSU) channel 2R. Anomalies are departures from the 1982
91 base period means. (Data provided by the University of Alabama at Huntsville.)

1.5 2

0.5 1

Fig. 10. December 1995 tropospheric temperature anomalies derived from the
Microwave Sounding Unit (MSU) channel 2R. Anomalies are departures from the 1982—
91 base period means. (Data provided by the University of Alabama at Huntsville.)
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2) LOWER STRATOSPHERIC TEMPERATURES

Global lower-stratospheric temperatures are esti-
mated from radiosonde observations (Fig. 11), satel-
lite observations (Fig. 12), and analyses obtained from
a global data assimilation system that utilize both
sources of data (Fig. 13) (Kalnay et al. 1996). During
1995, all three analysis techniques showed a continu-
ation of well below-normal temperatures in the lower
stratosphere. The radiosonde estimate shows 1995 to
be the coldest year in the 37-year record and the tenth
out of the past eleven years with negative tempera-
ture anomalies (only 1992 had a positive anomaly).
One difference in the relative behavior of the three
time series is that the satellite derived anomalies show
1995 to be slightly warmer than 1994, whereas both
the radiosonde-derived anomalies and the reanalyzed
data obtained from the NCAR/NCEP Reanalysis
Project (Fig. 13) show 1995 to be colder than 1994.

Both the satellite and Reanalysis time series also
show pronounced warm periods during 1982/83 and
1991/92. These periods are also relatively warm in the
radiosonde data (Fig. 11) and immediately follow the
major volcanic eruptions of El Chichon (April 1983)
and Mt. Pinatubo (June 1991), respectively. These
eruptions contributed to markedly increased aerosol
concentrations, resulting in elevated temperatures in
the lower stratosphere. This is in contrast to the cooler-
than-normal lower-stratospheric temperatures that
would have been expected during the 1982/83 and
1991/92 ENSO episodes.

In the years following these eruptions stratospheric
temperatures decreased to lower values than were ob-
served prior to the volcanic eruptions (Figs. 11, 12,
and 13). One possible explanation for this decrease is
that the increased aerosol concentrations in the strato-
sphere contribute to a decrease in ozone, and subse-
quently to a cooling in that region. Ozone depletion
would be expected to continue after a volcanic erup-
tion until aerosol concentrations return to normal.
Thereafter, a gradual increase in ozone and tempera-
ture would be expected.
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Fic. 11. Annual global-stratospheric temperature
anomalies (100-50 hPa, in °C), derived from radiosonde data
based on a 63-station network. Anomalies are departures from
the 1982-91 base period means. (Data provided by the Air
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Fic. 12. Annual global-stratospheric temperature
anomalies (°C) derived from the MSU channel 4. Anomalies
are departures from the 1982-91 base period means. (Data
provided by University of Alabama at Huntsville.)
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c. Trace Gases

1) OzoNE

Total column ozone data was obtained
from the NASA Nimbus-7 SBUV instru-
ment from 1979 through 1988, from the
NOAA-1] SBUV/2 instrument from Janu-
ary 1989 through August 1994, and from
the NOAA-9 SBUV/2 instrument beginning
in September 1994.

Southern Hemisphere. Total column
ozone concentrations exhibit a well-defined
annual cycle in the Southern Hemisphere,
with lowest values observed during Septem-
ber and October. It is during these two
months that the well-known “ozone hole,”
denoted by total ozone concentrations less
than 220 Dobson Units (DU), is most evi-
dent in the polar region. The ozone hole first
began to appear in the 1980s.

Total ozone values over Antarctica dur-
ing September and October 1995 (Fig. 14)
were extremely low, with the minimum val-
ues only slightly higher than the record low
values observed in 1993. The areal extent
of very low ozone values in 1995 was as
widespread over Antarctica as in the record
low year of 1993. The monthly mean total
ozone for October 1995 compared to the
1979-86 October mean values (Fig. 15) in-
dicates decreases of 20% to 50% over a
large portion of Antarctica. Conversely,
small percent increases during October
1995 are evident over some areas of the
tropics and midlatitudes, probably in asso-
ciation with the quasi-biennial oscillation
(QBO).

Selected ozone profiles taken at the
South Pole on 5 October 1995, the day of
lowest total ozone amount at this location,
are compared with profiles on 12 October
and 23 August 1993 (Fig. 16). The Octo-
ber profiles show nearly complete destruc-
tion of ozone between 15 and 22 km. In
addition, ozone depletion above 25 km, first
noted in 1992, continued in 1995. This
depletion of ozone at higher levels is be-
lieved to be related to increases in chlorine.

Temperatures in the lower stratosphere
are closely coupled to ozone through dy-
namics and photochemistry. Extremely low
stratospheric temperatures (less than -78°C)

SBUV/2 OCTOBER 1995
SOUTHERN HEMISPHERE

80w

NOAA

8BUV/2 OZONE
TOTAL

OCT 1985

ANALYSIS

NO DATA BELOW 765

T
100 115 130 145 160 1756 190 205 220 235 2 340 355 370 3B5 400 415 430 445

Fic. 14. Monthly mean total ozone for October 1995. Areas of total ozone
less than 220 DU (ozone hole) are shown in blue. Regions of no data are
shown in black. (Source: CPC)

OCTOBER PERCENT DIFF(1995—AVG(79-886))
SOUTHERN HEMISPHERE

NOAA

SBUV/2 0ZONE
TOTAL

OCTOBER

DIFF

NO DATA BELOW 765

-80 —67 —54 -51 —48 —45 —42 —39 36 —33 30 —27 24 -21 —18 ~16 ~12 - -8 -3 O 3 6 O

Fic. 15. Total ozone percent difference between October 1995 and the
October 1979-86 base period means. Regions of no data are shown in black.
(Source: CPC)
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Fic. 16. Ozone profile (partial pressure, mPa) measured by
balloon-borne ozonesonde at the South Pole on 5 October 1995
(green line), and comparison to profiles measured in 1993.
(Source: CPC)

over the Antarctic region are believed to lead to ozone
depletion, in that they contribute to the presence of
polar stratospheric clouds. These clouds enhance the
production and lifetime of reactive chlorine, which
leads to ozone depletion.

Daily minimum temperatures over the polar region
(65°S-90°S) at 50 hPa (approximately 19 km) (Fig.
17) indicate that temperatures were substantially be-
low normal during the Southern Hemisphere winter
and spring seasons. These temperatures were suffi-
ciently low to allow for polar stratospheric clouds and
enhanced ozone depletion. Temperature anomalies for
the 100-50 hPa layer, derived from radiosonde data
(Fig. 18), also indicate record low temperatures dur-
ing September—November 1995. These low values are
consistent with an overall trend toward colder tem-
peratures in the lower stratosphere observed since the
late 1960s.

Northern Hemisphere. Total column ozone values
in the Northern Hemisphere are generally lowest dur-
ing the January-March period. In the middle and high
latitudes, total column ozone values during January—
March 1995 were 10%-20% lower than was typically
observed during the late 1970s and early 1980s. In
these regions, a decrease of 2%-4% per decade in to-
tal ozone is evident.
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Fig. 17. Daily minimum temperatures at 50-hPa (19 km) in
the region 65°S to 90°S for 1995 (red line). Mean daily values
for the period 1978-94 are shown in blue. Daily extreme maxima
and minima for any year are also shown (black lines). (Source:
CPC)
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Fic. 18. Southern Hemisphere 100-50 hPa average
temperatures anomalies (°C) for September—November.
Anomalies are departures from the 1964-90 base period means.
(Data provided by the Air Resources Laboratory.)

Monthly mean total ozone amounts for March 1995
(Fig. 19) indicate very low ozone totals over the po-
lar region extending from north-central Siberia to
northern Greenland. In these regions, the total ozone
concentration is more than 40% below the values ob-
served in 1979 (Fig. 20). However, it should be noted
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that regional variations in total ozone in SBUV/2 MARCH 1995

NORTHERN HEMISPHERE

the Northern Hemisphere are highly vari-
able from one year to the next, and tend
to be strongly associated with the exist-
ing planetary-scale circulation features.

2) CARBON DIOXIDE

The atmospheric carbon dioxide (CO,)
measurements made at Mauna Loa Obser-
vatory, Hawaii, since 1958 provide strong
evidence for human alteration of the en-
vironment (Fig. 21). The data through
1973 are from Keeling et al. (1982), while
data since 1973 are from the NOAA pro-
gram (Thoning et al. 1989).

Mauna Loa Observatory, located at an
elevation of 3350 m on the flank of
Mauna Loa volcano, is an ideal site for

SBUV/2 OZONE

carbon dioxide measurements. There is no : & : nal o
nearby vegetation and the prevailing s ~ eow R0 DATH ABGVE 61
nighttime downslope winds give a repre- S S o I By ey B e -

. . . i 100 115 130 145 180 175 180 205 220 235 250 265 260 205 310 325 340 355 3 385 400 415 430 445
sentative sampling of mid-tropospheric
air from the central North Pacific Ocean. Fig. 19. Monthly mean total ozone for March 1995. Regions with no data

As such, the record is a reliable indicator  are shown in black. (Source: CPC)
of long-term carbon dioxide growth.

The average ozone concentration in-
crease at Mauna Loa during the 1980s MARCH PERCENT DIFF (1995-1979)
was about 1.4 ppm per year, but with sig- P
nificant year-to-year variability in this
growth rate. In 1992-93, the growth rate
decreased to near 0.5 ppm per year. How-
ever, it increased to more than 2 ppm per
year during the last year. Contributing
factors to these variations in growth rate
include ENSO and the natural exchange
of carbon dioxide by the oceans and/or
the terrestrial biosphere with the atmo-
sphere. The global temperature decrease
resulting from the eruption of Mt.
Pinatubo in mid-1991 may also have con-
tributed to the slower growth rate during
1992-93.

30W

3) METHANE D .: Fan . 23319 OZONE

Globally averaged methane mixing : ToTiL
ratios are collected approximately weekly e 60W i
from various sites in the NOAA/CMDL

Cooperative air Samp]ing netWOFk 67 —64 61 48 -45 -42 -39 -38 -33 -830 -27 -24 -2'1.‘:15 -16 -12 -9 -8 -3 0 38
(D lug()ken?ky' etal. 1994). Air sainplmg FiG. 20. Total ozone percent difference between March 1995 and the March
sites are distributed between 90°S and  1979_86 base period means. Regions with no data are shown in black. (Source:
82°N. The average increase in the glo- CPC)

(]
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Fig. 21. Monthly mean (red line) carbon dioxide
concentrations (ppm) measured at Mauna Loa, Hawaii. Blue line
is the twelve-month running mean. The data through 1973 are
from C. D. Keeling at Scripps Institute of Oceanography. (Data
provided by the Climate Monitoring and Diagnostics Laboratory.)

bally-averaged methane mixing ratio over the period
1983-93 is approximately 0.6% per year, when ref-
erenced to the middle of the sample record (Fig. 22).
The growth of methane over the past few years has
slowed, probably due to a change in the anthropogenic
source (Dlugokencky et al. 1994). However, the
strong decrease in growth observed during 1992 and
1993 may have been associated with the eruption of
Mt. Pinatubo in June 1991.

Increased methane affects the Earth’s radiation
balance and the chemistry of the atmosphere. While
the major sources of methane have been identified,
their absolute contributions to the global methane
budget remain poorly quantified. Until a better under-
standing of the methane budget is realized, the exact
causes of the observed increase will remain uncertain.

d. Northern Hemisphere Snow Cover

A predominance of below-normal snow coverage
in the Northern Hemisphere during the first part of the
year, and above-normal snow coverage during the lat-
ter part of the year (Fig. 23), resulted in near-normal
annual mean snow cover during 1995 (25 x 10° km?).
The coincidence of near-normal snow coverage with
near-record land surface temperatures (see Fig. 1) is
in marked contrast to the record warm year of 1990,
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which had the least snow cover in the satellite record.
This observation suggests that there is no simple re-
lationship between Northern Hemisphere snow cover
area and annual hemispheric mean temperature.

The first half of 1995 was marked by considerable
month-to-month variability in snow cover. Most no-
tably, considerably below-normal snow coverage was
observed during February and March 1995, while:
considerably above-normal snow cover developed
during April, mostly over North America. This heavy
April snow cover brought North American values of
mean spring snow cover to above normal for the first
time in a decade (Fig. 24a). In contrast, below-nor-
mal snow cover dominated Eurasia during March—
May (Fig. 24b), in association with significantly
warmer-than-normal conditions throughout the cen-
tral and northern sectors (see Section 4b). Snow cover
during April was extremely low across central and
northern Eurasia (see Fig. 51 ). These conditions ex-
tended the prolonged period of below-normal snow
cover and above-normal surface temperatures that had
dominated Eurasia since the late 1980s.

In contrast to the first part of the year, the last five
months of 1995 showed above-normal snow cover
over the Northern Hemisphere (Fig . 23) This is the
first consecutive 5-month period since 1985 in which
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Fic. 22. Globally averaéed, biweekly methane mixing ratios
(ppb) by volume (red curve) determined from the NOAA/CMDL
Carbon Cycle Group cooperative air sampling network. Solid
blue line shows the growth with the seasonal cycle removed.

(Data provided by the Climate Monitoring and Diagnostics
Laboratory.)
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above-normal snow cover was 00—
recorded. During September—

8.0 Dec, Jan, Feb d

November (SON) above-nor- : Mar, Apr, May

mal snow cover dominated both 6.0 2:; ’é'i}. ANufv

North America (Fig. 25a) and
Eurasia (Fig. 25b). This in-
creased snow cover was associ-
ated with abnormally cold tem-
peratures that developed in both
regions, particularly during the
latter months of the year. Snow
cover across North America
during SON has been above

S i O the DRy He i 76' 77' 78l '}’9I 80l 81I 82I 83| 84| 85‘ 86I 87I 88 89 90 91 9?.l 93' 94I 95
years (Fig. 25b).

Millions of Square Kilometers

Fic. 23. Anomalies of monthly snow cover extent over the Northern Hemisphere
(including Greenland) between January 1976 and December 1995. Smoothed curve is a
twelve-month running mean. Anomalies are departures from the 1972-95 base period means.
(Data provided by Rutgers University.)
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Fic. 24. Time series of March-May snow cover area (10° km?) for (a) North America and (b) Burasia estimated from visual satellite
imagery. The solid blue line depicts normal seasonal snow cover area. Note the change in vertical scale between plots. (Data provided
by NOAA/NESDIS and Rutgers University.)
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Fic. 25. Time series of September—November snow cover area (10° km2) for (a) North America and (b) Eurasia estimated from

visual satellite imagery. The solid blue line depicts normal seasonal snow cover area. Note the change in vertical scale between
plots. (Data provided by NOAA/NESDIS and Rutgers University.)
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3.The evolution of recent oceanic and
atmospheric anomalies in the global
tropics

a. Large-scale conditions in the tropics: 1 990-94
The period 1990-94 featured persistent positive sea
surface temperature (SST) anomalies in the central
equatorial Pacific (Fig. 26) and was the warmest 5-
year period on record for the tropical Pacific as a
whole. Consistent with this pattern of anomalous SST,
sea level pressure (SLP) was below normal over the
east-central tropical Pacific and above normal over the
eastern Indian Ocean, Indonesia, and northern Aus-
tralia (Fig. 27). This anomalous pres-
sure pattern reflected a prolonged

S15

north and east of its normal position, the Intertropi-
cal Convergence Zone was shifted equatorward from
its normal position in the Northern Hemisphere, and
drought conditions affected northeast Australia and
southeast Africa. Interestingly, near-normal condi-
tions prevailed in the tropical Pacific during the North-
ern Hemisphere 1993/94 winter.

Also during 1990-94, above-normal SLP domi-
nated the subtropical North and South Atlantic
Oceans, and the high latitudes of the Southern Ocean
in the east-Pacific sector, while below-normal pres-
sure dominated the high latitudes of the Northern
Hemisphere and the midlatitudes of the Southern

negative phase of the Southern Oscil-
lation, as defined by the Southern Os-
cillation Index (SOI) (Fig. 28). Also
observed during the period was a per-
sistent pattern of weaker-than-normal
low-level easterlies (westerly anoma-
lies) throughout most of the equato-
rial Pacific (Fig. 29) and enhanced
convection over the central equatorial
Pacific (Fig. 30).
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Collectively, these conditions re-
flected one of the most prolonged pe-
riods of warm El Nifio-Southern Os-
cillation (ENSO) conditions of the
century. By some measures, this five-
year period is unprecedented
(Trenberth 1995). However, accord-
ing to the SOI and SST data, there is
at least one other period during this
century, and possibly a few others in
the latter half of the nineteenth cen-
tury, that featured similar, although
somewhat shorter, prolonged warm
(ENSO) episode conditions. The pe-
riod 1911-15 appears to be most simi-
lar to the recent period, with 1911, 1912,
and 1914 considered El Nifio years.

Mature-phase warm-episode con-
ditions occurred during late 1991
through mid-1992, during the first
half of 1993, and from late 1994
through early 1995. During these pe-
riods, atmospheric convection was
greatly enhanced over the central
equatorial Pacific, the South Pacific
Convergence Zone was displaced

CPC)

90N

hPa. Anomalies
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Fic. 26. Sea surface temperature (SST) anomalies for 1990-94. Contour interval
is 0.2°C. Anomalies are departures from the 1950-79 base period means. (Source:
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Fic. 27. Sea level pressure (SLP) anomalies for 1990-94. Contour interval is 0.5

are departures from the 1985-89 base period means. (Source: CPC)
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Fig. 28, Five-month running mean of the Southern Oscillation
Index (SOI). Anomalies are departures from the 1951-1980 base
period means and are normalized by the mean annual standard
deviation. Individual monthly values are indicated by “x”’s. The
x-axis labels are centered on July. (Source: CPC)

Hemisphere (Fig. 27). The anomalous pressure pat-
tern over the North Atlantic reflects a persistent posi-
tive phase of the North Atlantic Oscillation (NAQ),
which contributed to above-normal temperatures over
Europe and western Russia during the period. The
anomalous SLP pattern to the west and southwest of
South America, reflects a greater-than-normal fre-
quency of blocking episodes.

b. The 1994-95 Warm (ENSO) Episode

Mature ENSO conditions redeveloped during late
1994 for the third time in five years. This frequency
of occurrence is unprecedented in the last 50 years and
is comparable to that observed during the prolonged
1911-15 ENSO episode.

The 1994-95 warm episode showed signs of de-
velopment as early as March-May 1994, when the
equatorial low-level easterlies again became weaker
than normal across the Pacific and the SOI decreased
to—1.5 (Fig. 28). During May, posi-
tive SST anomalies reappeared
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along the equator near the date line,
and the equatorial easterlies weak-
ened further. These conditions con-
tinued to intensify during June-Au-
gust 1994, as positive SST anoma-
lies spread eastward across the cen-
tral equatorial Pacific and were
greater than +1.0°C along the equa-

4.
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Fi. 29. Anomalous 850-hPa wind for 1990-94. Contour interval is 1 m s™'. Red
(blue) vectors indicate anomalous westerlies (easterlies). Anomalies are departures

from the 1985-89 base period means. (Source: CPC)

120W

tor between 170°E and 160°W.
During September—November,
the positive SST anomalies contin-
ued to strengthen, and averaged
greater than +2.0°C between the
date line and 160°W. This increase
was accompanied by a further
weakening of the low-level equato-

1008  80W

rial easterlies over the central equa-
torial Pacific, particularly during
late September and most of Octo-
ber. At times, the 850-hPa winds
were nearly calm or even westerly
during this period, especially over the
central Pacific near the date line.
This evolution culminated in the
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Fic. 30. Outgoing longwave radiation anomalies for 1990-94. Contour interval is 3
W m™. Anomalies are departures from the 1979-88 base period means. (Source: CPC)
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12 15 18

onset of mature warm-episode con-
ditions during December 1994—
January 1995. At that time SST
anomalies reached +2°C in portions
of the central equatorial Pacific
(Fig. 31a) and convection was

100W  80W
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greatly enhanced in the vicinity of the
anomalously warm water (Fig. 32a).
Anomalous anticyclonic circulation
centers developed in the upper tropo-
sphere to the north and to the south of
the enhanced convection, and the mid-
latitude westerlies were enhanced over
the North and South Pacific. This en-
hancement and eastward extension of
the North Pacific jet stream during the
period was associated with a series of
intense extratropical storms that devel-
oped over the central North Pacific and
then proceeded to strike the southwest
coast of the United States, resulting in
abnormally heavy precipitation over
large portions of California and the
Southwest (see Section 4a).

¢. The 1995 Pacific Cold Episode

The low-level equatorial easterlies
returned to near-normal intensity dur-
ing January and remained near normal
through May. Enhanced easterlies then
developed over the western equatorial
Pacific in June and subsequently per-
sisted through the end of the year. By
November, these enhanced easterlies
had also spread eastward, covering the
central and east-central equatorial Pa-
cific. Thus, for the first time since the
1988-89 cold episode, stronger than
normal easterlies dominated the entire
equatorial Pacific.

Accompanying this evolution in the
low-level wind field, the positive SST
anomalies across the eastern equatorial
Pacific steadily decreased after January
1995 (Fig. 31). By March-May 1995
(Fig. 31b), below-normal SSTs had de-
veloped from 120°W to the South
American coast, and the maximum
positive anomalies in the central Pa-
cific had weakened considerably. Co-
incident with these changes, atmo-
spheric convection returned to normal
over the central equatorial Pacific, in-
dicating the end of the 1994-95 period
of mature ENSO conditions (Fig. 32b).

During JJA 1995 below-normal
SSTs were observed from 160°W east-
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Fic. 31. Sea surface temperature (SST) anomalies for (a) DIF 1994/95, (b) MAM
1995, (c) JIA 1995, and (d) SON 1995. Contour interval is 0.5°C. Anomalies are
departures from the 195079 adjusted OI climatology (Reynolds and Smith 1995).
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ward to the South American coast (Fig.
31c). By September—November, the
area of below-normal SSTs spread
westward to 160°E (Fig. 31d), and ex-
panded off of the equator. Additionally,
the negative anomalies over the east-
central equatorial Pacific intensified
during the season and reached —1.0°C
in many areas. At the same time, SST
anomalies increased in the far western
Pacific with SSTs more than 0.5°C
above normal evident between 120°E
and 150°E. Associated with this rever-
sal in the pattern of SST anomalies
from the previous DJF season, the pat-
tern of anomalous tropical convection
also reversed by September—November
1995, with suppressed convective ac-
tivity near the date line and enhanced
convection over Indonesia (Fig. 32d).

Collectively, these conditions indi-
cated the development of a Pacific cold
episode and reflected a dramatic
change in the atmospheric and oceanic
conditions from those which had domi-
nated the Pacific sector since late 1990.
Associated with the development of
cold-episode conditions, observed glo-
bal anomalies during 1995 included 1)
drier-than-normal conditions over
southern Brazil, northeastern Argen-
tina, and Uruguay (see section 4¢), 2)
wetter-than-normal conditions over
southeastern Africa (see section 4e), 3)
enhanced hurricane activity in the
tropical Atlantic (see section 4a), and
4) a stronger-than-normal Indian mon-
soon (see section 4b).

DJF 1994/95
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Fic. 32. Outgoing longwave radiation (OLR) anomalies for (a) DIF 1994/95,
(b) MAM 1995, (c) JJA 1995, and (d) SON 1995. Contour interval is 10 W m™2.
Negative OLR anomalies are indicative of enhanced tropical convection. OLR
anomalies are departures from the 1979-88 base period means. (Source: CPC)
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4. Regional climate highlights

a. North America

1) DECEMBER 1994-JANUARY 1995: WET IN

wESTERN U.S., WARM IN EAsT

The 1994/95 winter season brought abnormal
weather conditions to large portions of North
America. These conditions were particularly acute
from mid-December 1994 through the end of Janu-
ary 1995. California and much of the western and
southwestern United States received significantly
above-normal precipitation during the period, while
both the western United States and the eastern half of
North America experienced record or near-record
warmth. These conditions are attributed to a persis-
tent and abnormal atmospheric circulation (Fig. 33),
characterized in the West by below-normal upper-air
heights and surface pressure and a southward shift of
the jet stream, and in the East by above-normal up-
per-air heights and surface pressure and a northward
shift of the jet stream (Figs. 33, 34).

In the West, this circulation was associated with an
eastward extension of the jet core from Asia to cen-
tral California. This jet stream served as a “duct” for
major storm systems which were directed across the
Pacific and into California, thus producing excessive
precipitation and flooding throughout the state. Dur-
ing January, this jet core and storm track were dis-
placed south of their normal location by approxi-
mately 18° latitude in the vicinity of the West Coast.

S19

Farther east, the polar jet stream was shifted north-
ward to south of James Bay, approximately 15° lati-
tude north of normal. This flow pattern prevented the
normal build up of cold air over central and western
Canada and also tended to direct any cold-air masses
quickly across eastern Canada and then out over the
western Atlantic. These conditions, in combination
with abnormally strong southwesterly flow farther
south, brought extreme warmth to the eastern half of
the United States and much of southern Canada dur-
ing the period.

This circulation pattern reflected the most pro-
nounced negative phase of the Tropical/Northern
Hemisphere (TNH) teleconnection pattern in the his-
torical record dating back to 1964. A negative TNH
pattern is common during the mature phase of warm
El Nifio/Southern Oscillation (ENSO) episodes (Mo
and Livezey 1986). Thus, the establishment of this
pattern during the 1994/95 winter season, a period
dominated by mature-phase, warm ENSO conditions
(see section 3), was not unusual. Recent studies (Bell
and Kousky 1996) indicate a strong linkage between
the occurrence of mature ENSO conditions during the
1994/95 winter and the highly anomalous circulation
features observed throughout the North Pacific and
North American sectors.

In the western United States the bulk of the annual
precipitation falls during the October—April wet sea-
son. During the past 10 years, below-normal precipi-
tation has been observed over much of the region. In
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Fic. 33. Large-scale circulation features affecting the North Pacific and North America during December 1994-January 1995.
The two dominant features for both months, the abnormal northward shift in the jet stream over eastern North America and the
southward migration of the jet stream near the West Coast, signify a negative phase of the Tropical/Northern Hemisphere (TNH)

pattern. (Source: CPC)
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GON - \ o R ing January, while farther north nearly

2 s T continuous precipitation was observed.

50N ==~ 90 For example, most of northern and cen-

= T 30 tral California observed precipitation on

40N E==10320% all but 4-5 days during the month, and

30N £ S, e ~=E0 San Francisco established a new record

-~y — J =90 for consecutive days with measurable

o \ 1092&< precipitation during 1-16 January. Else-

10N v ; ; , a where, Mt. Shasta and Santa Rosa re-
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180  160W  140W

Fic. 34. December 1994-January 1995: (a) 250-hPa mean height (m) and
anomaly (m, shaded) and (b) 250-hPa mean height (m) and zonal wind anomaly
(m s, shaded). Contour interval for heights (anomalies) in (a) is 120 m (30 m).
Contour interval for the zonal wind anomalies in (b) is 2 m s™'. Anomalies are

departures from the 1979-95 base period means. (Source: CPC)

particular, the 1993/94 wet season was very dry
throughout the West (Fig. 35a), so that by the begin-
ning of the 1994/95 wet season, long-term drought
was firmly entrenched throughout the region. These
drought conditions lessened between October and De-
cember 1994 as near-normal precipitation covered the
West, and they completely disappeared by the end of
January 1995 in association with significantly above-
normal precipitation during the month. The Califor-
nia Department of Water Resources reported that
through late January, the snowpack in the northern
Sierra Nevada Mountains exceeded the record Janu-
ary 1983 values, while the snowpack in the central and
southern Sierras was almost as large as the record
observed during January 1983.

According to the River Forecast Centers, the heavi-
est precipitation during January 1995 (950-1050 mm)
fell on the southern Cascades, the northern Sierra Ne-
vada, the windward slopes near Santa Rosa (north of
San Francisco), and at Old Man Mountain near Santa
Barbara (Fig. 35¢). In southern California, intense
periods of heavy rain and snow were observed dur-

corded precipitation for a record 29 days
during January. In general, the excessive
January precipitation, in conjunction
with very heavy rainfall during March,
brought October—April totals to near-
normal or above-normal over most of
Washington, Oregon, Idaho, Nevada,
2 and California, with at least twice the
6 normal seasonal total recorded in parts
of southern California (Fig. 35b).
b Farther east, unusually mild weather
dominated eastern North America from
November 1994 through January 1995
(Fig. 36). During this period, tempera-
tures averaged 4°-5°C above normal
over large portions of east-central
Canada, and 2°-4°C above normal
throughout the rest of east-central and
southeastern Canada and the Great
Lakes region. More than 250 record high
temperatures were established across the northern and
eastern sections of the United States during this 3-
month period. According to the National Climatic
Data Center, November—January statewide-average
temperatures for 1994 /95 were the highest on record
in New Hampshire and Vermont. Furthermore, it was
one of the five warmest November—January periods
in the 100 years of record in 14 other states [MD (2),
NJ (2), NY (2), PA (2), RI (2), CT (3), OH (3), MA
(4), MI(4), WL (4),KY (5), MN (5), VA (5), WV (5)].
Accompanying these extremely warm conditions,
abnormally low snow cover was observed through-
out the Great Lakes region and the northeastern United
States. By late January, much of the Northeast had
snowfall deficits exceeding 30 cm, while some regions
of central New York and southwestern New England
experienced 75-120 cm less than normal snowfall.

N O

2) ApriL—-MAY 1995: MibwesT U.S. FLOODS

From early April through mid-June 1995, surplus
precipitation covered much of the Midwest, the Plains
states, and the lower Ohio Valley (Fig. 37a). The east-
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1993/1994 Wet Season
October 1993 — April 1994

PERCENT OF NORMAL PRECIPITATION

1994/1995 Wet Season
October 1994 — April 1995

TOTAL PRECIPITATION (mm)
January 1995

Fic. 35. Percent of normal precipitation for the (a) 1993/94 wet season, (b) the 1994/95 wet season, and (c) total precipitation
(mm) during January 1995 from River Forecast Center reports. (Source: CPC)

Fi6. 36. Temperature anomalies during November 1994—
January 1995 (°C). Anomalies are departures from the 1961-90
base period means. (Source: CPC)
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ern Dakotas, the central Gulf Coast, and an area from
central Kansas eastward to the western Ohio Valley
received 2 to 3 times their normal precipitation for the
period, with many sections receiving 450-750 mm of
precipitation. The largest totals were observed in east-
ern Oklahoma and Kansas, southwestern and central
Missouri, southern Illinois and Indiana, and central
Kentucky. Despite some very large amounts, the ar-
eas receiving excessive precipitation were highly vari-
able from one storm to the next and were stretched
along an axis extending from the south-central Great
Plains northeastward into the lower Ohio Valley. Most
of the above areas also received surplus rains during
the 1993 Midwest Flood (which peaked during July)
(Fig. 37b), as did northern Missouri, Iowa, southern
Minnesota, and the Dakotas. Indeed, 750-1000 mm
of rain fell on some locations during the summer of
1993 as one major rainfall event after another affected
the same regions.

Much of both the lower and middle Missouri and
Mississippi and lower Ohio Rivers and their tributar-
ies flooded at least briefly during April-June 1995



5§22

(Fig. 38). This area is primarily to the south and east
of the regions most severely affected by river flood-
ing in 1993, namely the middle and upper Mississippi
and the middle and lower Missouri Rivers and their
tributaries (Fig. 38). However, large portions of east-
ern Kansas, northern and central Missouri, and west-
ern Illinois were impacted by both flooding episodes.

Overall, maximum water levels during the 1995
flood approached, but did not reach, those recorded
during the 1993 floods along the lower Missouri and
middle Mississippi Rivers. To the north and west of
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Fic. 37. Precipitation anomalies (mm) for (a) April-June 1995
and for (b) June—August 1993. Anomalies are departures from
the 1961-90 base period means. (Source: CPC)

this region, flooding was significantly more serious
in 1993. Farther south and east, the Mississippi/Mis-
souri confluence experienced significant flooding
during 1995 and actually experienced near-normal
streamflows during the 1993 flood.

The 1995 floods were directly related to an abnor-
mally strong and persistent southwesterly flow at jet
stream level (250 hPa) over the central United States
(Figs. 39, 40a), which pushed a series of major storm
systems across the country. These storms tapped
warm, moist air from over the Gulf of Mexico and
produced excessive precipitation totals throughout the
Midwest, an area in which soil moisture levels were
significantly higher than normal even prior to the on-
set of the floods.

There are many similarities in the atmospheric cir-
culation between the 1993 (Bell and Janowiak 1995;
Mo etal. 1995) and 1995 flood events (Fig. 40). These
include 1) an ENSO-induced, southeastward shift of
the mean jet stream position over the northern Pacific
Ocean during the winter and spring prior to the onset
of the events; 2) persistent upper-level troughs over
both the western United States and the Canadian Mari-
time Provinces during the events; 3) an abnormally
strong southwesterly flow at jet stream level through
the middle of the country during the events, along with
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FiG. 38. Maximum river levels for 1993 (red), and 1995 (green)
in feet, with respect to flood stage (at “0”) for selected sites along
the Missouri, Mississippi, Illinois, and Ohio Rivers. (Source:
CPC)
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180  160W  140W  120W  100W

Fic. 39. April-May 1995: (a) 250-h
wind anomaly (m s, shaded). Contour

80W  6OW 180  160W  140W 120W 100W  8OW b

Pa mean height (m) and anomaly (m, shaded) and (b) 250-hPa mean height (m) and zonal
interval for heights (anomalies) in (a) is 120 m (30 m). Contour interval for the zonal wind

anomalies in (b) is 2 m s™'. Anomalies are departures from the 1979-95 base period means. (Source: CPC)
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Fic. 40. A comparison of

prevailing atmospheric features observed during (a) the April-May 1995 flooding

episode and (b) the Midwest Flood of 1993 (bottom).
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an enhanced low-level flow of warm, moist air into
the flood region; 4) an unusually active storm track,
which triggered a series of major thunderstorm com-
plexes over the Midwest; and 5) a preconditioning for
potentially severe hydrologic problems prior to the
onset of the floods in both cases by nearly saturated
soil moisture conditions throughout the region.
There are also important differences in the atmo-
spheric circulation between the two flood events. First,
the circulation anomalies during April-June 1995
tended to be weaker and somewhat less persistent than

3) THE 1995 ATLANTIC HURRICANE SEASON

The 1995 Atlantic hurricane season featured 19
tropical storms (Fig. 41), with 11 of these systems
reaching hurricane status. This is the second largest
number of tropical storms observed in any hurricane
season (June—November) since 1871, and the second
largest number of hurricanes observed in one season
since records began in 1886. On average, 9—-10 tropi-
cal storms are observed over the North Atlantic be-
tween June and November, with 5-6 of these systems
typically becoming hurricanes. Interestingly, all but
three tropical cyclones formed
between August and October,
with nine tropical storms devel-
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Fic. 41. Number of hurricanes and tropical storms (top) and number of hurricane days
(bottom) for the North Atlantic basin. A hurricane day is defined to be four 6-hour periods
during which a tropical cyclone is observed or estimated to have hurricane intensity winds.

1995 is in red. (Source: National Climatic Data Center)

those observed during June—July 1993. Second, the
moisture-laden southerly flow in the lower atmo-
sphere (850 hPa) over the Midwest during June—July
1993 was stronger and more persistent than during
April-May 1995. In July 1993, this extremely strong
moisture transport, coupled with a strong, nearly sta-
tionary low-level frontal boundary, allowed for the re-
petitive formation of major thunderstorm complexes
over the Midwest, resulting in prolonged severe flood-
ing throughout the region. Third, substantial variabil-
ity in the paths of the individual storms during April-
June 1995, and in the locations of their accompany-
ing precipitation shields, produced relatively large re-
gional variations in precipitation over the Midwest.
In contrast, there was much less spatial variability to
the storm track and rain shields in June—July 1993, re-
sulting in inundating rain events repeatedly affecting
the same areas.

20- ...........................................................

2

oping during the 31-day period
between 30 July and 29 August.
Of these nine storms, five be-
came hurricanes.

(11 _ |
| 3 Th 1995 h
AT AR et EAUEELE urricane

season follows four consecutive
years (1991-94) of extremely
low tropical storm and hurricane
activity over the North Atlantic
(Figs. 41). For example, the 19
tropical storms observed in 1995
is more than twice the total ob-
served during each of the 1991-
1994 seasons (6-8 storms). Ad-
ditionally, the 11 hurricanes dur-
ing 1995 far exceeds the 3-4
hurricanes observed each year
during 1991-94. Landsea et al.
(1996) note that the upsurge in
hurricane activity during 1995 was most dramatic in
the subtropics (equatorward of 25°N, excluding the
Gulf of Mexico) where only one hurricane developed
during 1991-94. As a result of this increased activ-
ity, the countries surrounding the Caribbean Sea were
struck by three hurricanes (two being intense hurri-
canes—Luis and Roxanne) after experiencing a record
five years with no hurricanes.

Tropical storms over the North Atlantic, with the
exception of the Gulf of Mexico, are generally trig-
gered by easterly waves which propagate off the Af-
rican mainland and move westward across the Atlan-
tic. However, the potential for the storm intensifica-
tion is largely controlled by the vertical wind shear;
strong vertical shear acts to inhibit intensification,
while weak vertical shear acts to aid intensification
(Gray 1968). In fact, the most prominent factor con-
trolling the year-to-year variability in tropical storm

NUMBER OF HURRICANE DAYS
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Fic. 42. Vertical wind shear (200-850 hPa) [m s™'] for the (a) August—
October climatology, (b) August-October 1995, and (c) August-October
1994. Climatology is based upon the 1985-95 base period. Blue shading
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for enhanced tropical storm and hurricane
activity during the 1995 season. In particu-
lar, below-normal sea level pressure (Fig.
43a) and above-normal sea surface tempera-
tures (Fig. 43b) were observed throughout
the western and central subtropical North
Atlantic during August—October. These
overall conditions, combined with a series
of intense easterly waves originating over
north-central Africa, provided the primary
ingredients for a highly active hurricane
season throughout the subtropical North At-
lantic basin.

There are apparently strong long-range
predictive signals for Atlantic basin sea-
sonal tropical cyclone activity up to 11
months in advance (Gray et al., 1992; Gray
et al. 1994a). These signals are associated
with three prominent phenomena 1) the El
Nifio—Southern Oscillation (ENSO) cycle;
2) the stratospheric Quasi—Biennial Oscil-
lation (QBO); and 3) West African rainfall.
Gray and colleagues indicated in Novem-
ber 1994 (Gray et al. 1994b) that the above
three factors would be in a phase favorable
for above-normal Atlantic tropical storm ac-
tivity during 1995.

The most important identifiable phe-
nomenon associated with year-to-year cli-
mate variability is ENSO. During the warm
phase of this oscillation, above-normal sea

denotes regions of weak vertical wind shear. (Source: CPC)

and hurricane activity over the North Atlantic is the
strength of the vertical wind shear.
Climatologically, strong vertical shear is observed
throughout the Caribbean, large portions of the sub-
tropical North Atlantic, and the northern Gulf of
Mexico (Fig. 42a). These conditions act as a major
inhibitor to hurricane activity. Indeed, active hurricane
years are typically associated with a pronounced
weakening of the vertical shear throughout these re-
gions, as was observed during the 1995 season (Fig.
42b). In particular, minimal vertical wind shear was
observed during the 1995 hurricane season through-
out the entire region from western Africa to the Gulf
of Mexico and the Caribbean Sea (Fig. 42b).
Landsea et al. (1996) noted that other atmospheric
and oceanic parameters were also extremely favorable
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surface temperatures are observed through-
out the central and east-central equatorial
Pacific. Associated with this increase in
ocean temperatures, the normal pattern of
tropical cloudiness and precipitation is disrupted,
which in turn affects the atmospheric wind and pres-
sure patterns throughout the Northern Hemisphere. In
summer, these conditions generally contribute to en-
hanced vertical wind shear over the North Atlantic,
thereby inhibiting hurricane activity.

The mid-1991 through early 1995 period was domi-
nated by warm (ENSO) episode conditions. Important
manifestations of these conditions included extremely
persistent patterns of strong vertical wind shear and
above-normal SLP over much of the subtropical North
Atlantic. These conditions apparently contributed to
the marked decrease of tropical storm and hurricane
activity over the North Atlantic previously noted dur-
ing the 1991-94 hurricane seasons.

Atmospheric and oceanic conditions throughout the
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Michigan (38°C, 14 July), before a se-
ries of weak cold fronts brought relief
during the third week in July. However,
during August, significantly above-nor-
mal temperatures returned to the Mid-
west, the mid-Atlantic states, and the
Northeast, contributing to moderate-to-
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severe drought conditions throughout
the latter two regions, as described be-
low.
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5) Aucust 1995: NorrtHeasT U.S.
DROUGHT

During August moderate-to-severe
drought conditions developed across the
northeastern quarter of the United
States. These conditions developed in
response to a combination of severe pre-
cipitation deficits (Fig. 45) and exces-
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Fic. 43. (a) Sea level pressure (SLP) anomalies (hPa) for August—October 1995
and (b) sea surface temperature (SST) anomalies (°C) for August-October 1995.
SLP anomalies are departures from the 1979-95 base period means and SST
anomalies are departures from the 1950-79 adjusted OI climatology (Reynolds

and Smith 1995). (Source: CPC)

tropical Pacific began a rapid return to normal in
March 1995. This evolution marked an end to pro-
longed warm-episode conditions and also signaled the
demise of the anomalous patterns of vertical wind
shear and sea level pressure that had previously hin-
dered Atlantic tropical storm development.

4) Mip-JuLy 1995: MiDWEST U.S. HEAT WAVE

In mid-July dangerously hot and humid conditions
spread across most of the central and eastern United
States, resulting in nearly 1000 deaths, 500 of which
occurred in the Chicago, Illinois, area. During the pe-
riod daily high temperatures exceeded 40°C as far
north as South Dakota and Wisconsin, and dew-point
temperatures reached 29°C over large portions of the
Midwest. These conditions combined to produce ap-
parent temperatures of 38°-45°C (100°-113°F) (Fig.
44). Additionally, all-time high temperatures were re-
corded during the event at La Crosse, Wisconsin
(42°C, 13 July); Danbury, Connecticut (41°C, 15
July); Chicago/Midway, Illinois (41°C, 13 July); Chi-
cago/O’Hare, Illinois (40°C, 13 July); and Flint,

b sive heat (Fig. 46) during the month,
which acted to exacerbate long-term
dryness that had persisted since mid-
March (Fig. 47), and in some areas since
October 1994. The drought conditions
developed after the remnants of Hurri-
cane Erin crossed the mid-Atlantic
states on August 6. During the remain-
der of the month only isolated light
showers were observed in most of the
Northeast and mid-Atlantic states, with no measur-
able rain reported in several areas from north-central
Virginia northeastward to Massachusetts (Fig. 47).
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Fig. 44. Maximum apparent temperature (°C) during 13—
14 July 1995. (Source: CPC)
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The drought can be attributed to a large-scale dis-  disturbances, along with their attendant cold frontal
placement of the upper-level circulation features from  boundaries and frontal circulations, northward toward
their climatological position. Normally, a moderately ~ central and eastern Canada. The result was abnormally
strong upper-level ridge dominates the central United warm and dry conditions throughout the Northeast.
States during August, with troughs positioned along These conditions enhanced an overall pattern of sub-
both the Atlantic and Pacific Coasts. During August normal precipitation observed during the previous six
1995 the mean ridge axis was shifted east of normal, to eleven months over much of the Northeast and mid-
and was centered over eastern North America. This  Atlantic states.
flow pattern forced significant midlatitude weather Normally, 400-600 mm of rainfall is measured in

the Northeast and eastern mid-Adtlantic be-
tween mid-March and late-August. How-
ever, most of this region recorded less than

TRy o //ﬁ* 75% of normal precipitation during this pe-
Sl SR e VT ~  riod in 1995, with localized sections of New
7-30 AUGUST 1995 g York, southern New England, and the east-
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ern mid-Atlantic observing less than half
their normal precipitation. For example,
only 250-380 mm of precipitation were
measured at most locations in the North-
east, with even lesser totals (125-425 mm)
recorded in eastern and southeastern New
York, northeastern Pennsylvania, and
southern Vermont.

isopleths drawn for 0,2,
4, and 6 days.

6) NoveMBER—DECEMBER 1995: WET

IN NORTHWEST U.S., COLD IN EAST
Heavy precipitation (Fig. 48), which
fell primarily as rain at all but the high-
est elevations, dominated the Pacific

Fic, 45. Days with measurable precipitation during 7-30 August 1995, 1 orthwest states and western Canada
(Source: CPC) during November and December 1995.
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Fic. 46. Surface temperature for August 1995, expressed as Fic. 47. Precipitation anomalies (mm) for March—-August
percentiles of the normal (Gaussian) distribution fit to the 1961- 1995, Anomalies are departures from the 1961-90 base period
90 base period data. (Source: CPC) means. (Source: CPC)
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Rainfall amounts of 200-500 mm fell on parts of west-
ern Washington and northwestern Oregon during the
period, with one-day totals reaching 125-155 mm.
This resulted in severe river flooding, particularly west
of the Cascade Mountains.

This heavy rainfall was associated with a persis-
tent pattern of below-normal heights at upper levels
(Fig. 49a) over the central North Pacific, and above-
normal heights over the western United States. This
anomaly pattern was accompanied by enhanced south-
westerly flow (Fig. 49b) extending from the central
North Pacific to the Pacific Northwest, resulting in an
abnormally strong flood of marine air into the North-
west during the period. This flow pattern also directed
a series of strong, fast-moving, moisture-laden storms
into the region, which directly the heavy rainfall and
flooding conditions.
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Fic. 48. Precipitation anomalies (mm) for November—
December 1995. Anomalies are departures from the 1961-90 base
period means. (Source: CPC)

Farther east, well below-normal surface tempera-
tures dominated the eastern United States during No-
vember—December 1995. This persistent cold was as-
sociated with an amplification of the climatological
mean “Hudson Bay trough” (Fig. 49a), along with en-
hanced northwesterly flow into the region.

The circulation during November- December 1995
reflected an anomalous, planetary-scale flow pattern
that extended from the central North Pacific to east-
ern Europe and accompanied cold episode conditions
in the tropical Pacific. This circulation was in marked
contrast to that observed in the Pacific/ North Ameri-
can sector during the previous December- January
(DJ94/95) period (see Section 4a), a period when ma-
ture ENSO conditions dominated the tropical Pacific
(compare Fig. 49 with Fig. 34).

90
30
-30
-90

1200 100W

160W  140W

//\\ b

1400 120W

ON = =
180 160W

FiG. 49. November-December 1995: (a) 250-hPa mean height
(m) and anomaly (m, shaded) and (b) 250-hPa mean height (m)
and zonal wind anomaly (m s', shaded). Contour interval for
heights (anomalies) in (a) is 120 m (30 m). Contour interval for
the zonal wind anomalies in (b) is 2 m s™'. Anomalies are
departures from the 1979-95 base period means. (Source: CPC)
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b. Eurasia

1) JANUARY—MAY 1995: ASIAN WARMTH

January-May 1995 was one of the warmest
first five months on record for large portions
of western and central Russia and western Si-
beria. During this period surface temperatures
averaged 3°-8°C above normal throughout
these regions (Fig. 50). This abnormal warmth
was associated with substantially below-normal
snow cover extent over large portions of cen-
tral and north-central Russia and western Sibe-
ria, particularly during the spring period (Fig.
24b). For example, much of this region nor-
mally experiences 20-25 days of snow cover
during April. However, according to snow ob-
servations derived from the special sensor mi-
crowave imager (SSM/I) (Grody and Basist
1995), these areas recorded less than 5 days of
snow cover (Fig. 51) during April 1995, as mean
temperatures averaged 8°-10°C above normal.

These conditions were linked to an ex-
tremely anomalous atmospheric circulation
pattern (Fig. 52) that persisted from mid-Janu-
ary through the end of May. Prominent features
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FiG. 51. (a) Snow cover extent and (b) anomaly during April 1995, as
estimated by SSM/I. Units are in days. The analysis is based on once-daily
observations. Anomalies are departures from the 1987-94 base period

of this pattern included below-normal heights
over the northern and northeastern North At-
lantic (Fig. 52a), and above-normal heights
throughout western and northwestern Russia. This
overall pattern reflected a pronounced negative phase
of the East Atlantic/ Western Russia (EATL/WRUS)
teleconnection pattern (Bell and Halpert 1995), also
referred to as the Eurasia-2 pattern by Barnston and
Livezey (1987). This pattern is one of two prominent
modes that affects Eurasia during most of the year.
This pattern exhibits considerable month-to-month
variability and rarely persists in a strong positive or

means. (Source: CPC)

negative phase (normalized magnitude greater than
1.0) for more than two consecutive months. During
January—May 1995 the EATL/WRUS normalized pat-
tern index was below —1.0 for five consecutive months
for the first time in the record dating to 1964.
During January—May 1995, this anomalous circu-
lation was associated with a marked intensification of
the mean westerly flow over the eastern North Atlan-
tic and Europe (Fig. 52b), and with mean southwest-
erly flow over much of eastern
Europe, western Russia, and
western Siberia. These condi-
tions supported a sustained flow
of relatively warm air through-
out western Asia and Europe
during the period, resulting in
abnormally warm conditions in
these areas. This pattern was
also associated with signifi-

Fic. 50. Temperature anomalies (°C) during January-May 1995. Anomalies are departures

from the 1961-90 base period means. (Source: CPC)
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110 1208 cantly above-normal rainfall

over large portions of western
8 and central Europe during Janu-
ary and February, resulting in
large-scale and severe flooding.
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2) June—Aucust 1995:
EUROPEAN/WESTERN
ASIAN HOT SPELL
Abnormally hot and dry con-
ditions dominated many areas of
Europe and western Russia dur-

ing June—August (JJA) 1995, a

40E  60E 8O0E 100E

120E

reprise of the extremely warm
conditions observed during the

140E  160E

previous summer in many loca-
tions. Conditions were particu-
larly acute across the British
Isles, where JJA rainfall totals
averaged less than 100 mm in
most areas. Unofficial statistics
indicate that Great Britain may

20N =
60W  40W  20W 0 40E 60E BOE 100E

Fic. 52. January—May 1995: (a) 250-hPa mean height (m) and anomaly (m, shaded) and
(b) 250-hPa mean height (m) and zonal wind anomaly (m s, shaded). Contour interval for
heights (anomalies) in (a) is 120 m (30 m). Contour interval for the zonal wind anomalies
in (b) is 2 m s'. Anomalies are departures from the 1979-95 base period means. (Source:

CPC)

In strong contrast to the early part of the year, the
November-December 1995 period featured a persis-
tent pattern of above-normal heights over the north-
ern North Atlantic and below-normal heights through-
out north-central Russia and western Siberia. This pat-
tern was associated with mean northwesterly flow
throughout Scandinavia and western Eurasia, result-
ing in below-normal surface temperatures and en-
hanced snow coverage during the period.

For 1995 as a whole, most of Russia reported an-
nual mean temperatures among
the warmest 10% of the 1961-90

120E

have endured its driest summer
in more than 3 centuries. Addi-
tionally, central England expe-
rienced its warmest August on
record dating back to 1659 and
its warmest July—August period
since 1750 (Fig. 53).

A monthly analysis of surface
temperature anomalies during
June—August (Fig. 54) indicates that the abnormally
warm conditions during June (Fig. 54a) were found
primarily over western Russia, a continuation of ab-
normally warm conditions that dominated western
Eurasia during January—May 1995 (discussed above).
During July (Fig. 54b) the region of abnormally warm
conditions moved westward and became centered over
northern and northeastern Europe, and by August the
region of anomalous warmth was centered over the
British Isles (Fig. 54¢). The abnormal conditions over

140E  160E

distribution, with annual tem- 3 y T
peratures averaging 2°-4°C
above normal at many locations.
With respect to the countries
which formerly comprised the
Soviet Union, 1995 was the
warmest year since records began
in 1891, with an average tem- -
perature of 2.1°C above normal 2
(Fig. 5). This value far surpasses o

)
I

=
I

ANOMALY
b =)
===

the previous record warm year of 1750 1800
1990, in which mean
annual temperatures averaged

1.4°C above normal.

1850 1900 1950 2000

Fic. 53. July—August temperature anomalies (°C) for central England. Anomalies are
departures from the 1961-90 base period means. (Source: Hadley Centre for Climate
Prediction and Research, UK)
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FiG. 54. Temperature anomalies (°C) for (a) June 1995, (b) July
1995, and (c) August 1995. Anomalies are departures from the
1961-90 base period means. (Source: CPC)

Eurasia during JJA were related to an anomalous cir-
culation regime (Fig. 55), characterized by a retro-
gressing pattern of above normal heights that moved
from western Russia in June to the eastern North At-
lantic by August. This pattern was associated with an
overall anomalous northward shift of the main storm
track during the period, as well as with a substantially
reduced flow of marine air into large portions of cen-
tral and northern Europe.

3) JUNE-SEPTEMBER 1995: SOUTHEAST ASIAN/
INDIAN SUMMER MONSOON
Overall, the 1995 Indian monsoon season (June—
September) featured near-normal rainfall over large
portions of India, and substantially above-normal rain-
fall throughout Bangladesh, Burma, far eastern India,
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FiG. 55. Mean and anomalous 250-hPa heights (m) for (a) June
1995, (b) July 1995, and (c) August 1995. Contour interval for
heights (anomalies) is 120 m (30 m). Anomalies are departures
from the 1979-95 base period means. (Source: CPC)

and large portions of Thailand. The heaviest precipi-
tation (15002000 mm) was observed in the east (Fig.
56a), where totals averaged more than 300 mm above
normal during the season (Fig. 56b). Above normal
rainfall was also observed in the north, where totals
averaged 750-1000 mm during the season (100-300
mm above normal), and in the southeast, where totals
averaged 500-750 mm (100-200 mm above normal).
Elsewhere, more than 1000 mm of rain fell through-
out Bangladesh and Burma during the 1995 monsoon
season, with totals in north-central Burma exceeding
200-250 mm above normal and totals in northeastern
Bangladesh exceeding 300 mm above normal. In
southern Thailand, rainfall totals averaged 2000-2500
mm (more than 300 mm above normal) during the
season.
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Fig. 56. (a) Total precipitation and (b) anomalies in for June—September 1995, Units are in mm. Anomalies are departures from

the 1961-90 base period means. (Source: CPC)

The 1995 monsoon season was preceded during the
first three weeks of June by exceptionally hot weather
throughout India. During this period, temperatures
averaged in excess of 38°C (100°F) throughout much
of central and northern India (Fig. 57) and averaged

more than 43°C (108°F) in portions of the north and
northeast. This marks the second consecutive year in
which a brutal heat wave prior to the summer mon-
soon took hundreds of lives across the Indian subcon-
tinent. During 1995 the onset of the monsoonal rains
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was delayed, beginning in late June. These rains re-
mained generally below normal in intensity over much
of India until mid-July. A sharp increase in rainfall was
then observed across the Indian subcontinent in mid-
July, and these heavy rains persisted through August
and much of September. These rains resulted in flood-
ing along many rivers and in numerous towns, par-
ticularly in Pakistan, Bangladesh, and southern Thai-
land.

c¢. South America

Rainfall during the Southern spring and early sum-
mer is of critical importance to agriculture in north-
eastern Argentina, Uruguay, and southern Brazil . In
central Brazil (between 10° and 25°S) there is a pro-
nounced dry season from April through August, and
a pronounced rainy season from September through
March. Rainfall increases over this region during Sep-
tember, as convection begins to shift southward from
Central America to the Amazon Basin. In extreme
southern Brazil (including most coastal sections north
to near 20°S), Uruguay, and northeastern Argentina
rainfall occurs more uniformly throughout the

$33
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Fic. 57. Average daily maximum temperature (°C) for 1-21
June 1995. (Source: CPC)

year. However, in these regions frost occurs ™
regularly during May-August, thus limiting
agricultural activities during this period. For
the entire area from central Brazil south to
northeastern Argentina planting begins during
September and October. 155

Drier than normal conditions were ob- s
served over central Brazil (centered near
18°S, 50°W) during the entire period from
September through December 1995 (Fig. 58).  **
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Over most of southern Brazil, near-normal to
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above-normal rainfall occurred during Sep- =
tember and October, except for extreme south-
ern Brazil where drier than normal conditions
developed during October. Extremely dry
conditions dominated nearly the entire region '
of central and southern Brazil during Novem-  1ss
ber, with many areas experiencing a continu-
ation of the extremely dry conditions through
December.

The patterns of outgoing longwave radia- s
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tion (OLR) anomalies during this period (Fig.
59) indicate weaker-than-normal convection
(positive OLR anomalies imply less-than-nor-
mal rainfall) over a large portion of South
America, although the positive anomalies
over Argentina also reflect a combination of
above normal temperatures (Fig. 60a) and
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Fic. 58. Monthly precipitation anomalies (mm) during September—
December 1995 for Brazil. Anomalies are departures from the 1961-90 base
period means. [Source: Centro dePrevisao de Tempo e Estudos Climaticos
(CPTEQ)]
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Fig. 59. Monthly outgoing longwave radiation (OLR)
anomalies (W m2) for September—December 1995. Anomalies are
departures from the 1979-95 base period means. (Source: CPC)

below normal rainfall (Fig. 60b). The intensification
between October and November of drier-than-normal
conditions over southern Brazil, Uruguay, and north-
eastern Argentina is also clearly evident in the OLR
anomaly patterns.

d. Australia

The rainy season over northern and northeastern
Australia typically begins in October and ends in
April. Much of the area receives more than 75% of
the mean annual precipitation (with portions of ex-
treme northern Australia recording more than 90%)
during this seven-month period. For the 1994/95 wet
season as a whole, precipitation totals averaged 200—
500 mm above normal throughout north-central Aus-
tralia (Fig. 61), and 200-400 mm below normal in the
northeastern part of the country.

At Darwin the rainfall total of 2384 mm recorded
during the 1994/95 wet season was the largest on
record at this station dating to 1901 (Fig. 62). This total
was 840 mm above the seasonal mean value of 1544
mm. Interestingly, 940 mm of precipitation, represent-
ing one-third of the total 1994/95 seasonal precipita-
tion was recorded during January 1995. This value is
the second largest monthly rainfall total recorded at

-200 150 —100 —75 —-50 -25 25 50 75

Fic. 60. (a) Temperature percentiles and (b) precipitation
anomalies (mm) for September-December 1995. Anomalies are
departures from the 1961-90 base period means. (Source: CPC)

Darwin in this century and is comparable to the record
monthly rainfall total of 1014 mm observed in March
1977.

In the Northeast, the below-normal precipitation
during the 1994/95 wet season (Fig. 61) contributed
to severe precipitation deficiencies for the 13-month
period ending in April 1995 (Fig. 63). Precipitation
has been below normal in this region since the 1991/
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92 rainy season (Fig. 64), in asso-
ciation with the long-term ENSO
conditions during the first half of
the 1990s. However, a return to

1254

155 1

slightly above-normal precipitation  ygs{ ..

during October and November of
1995 helped to ease this dryness. 215
The change in the precipitation pat-
tern over the Northeast accompa-
nied the transition from warm-epi- 75{....
sode to cold-episode conditions in
the tropical Pacific during the sec- 3081
ond half of the year (see section 3).
In the extratropics severe precipi-
tation deficits also covered much of |
eastern and southern Australia for
the 13-month period ending in April 35
1995 (Fig. 63). In the east-central
region, these dry conditions began
to ease during October—-November

245]

3351

425

45 :
1995, with a return to slightly T T

120E 125€ 130E

135€ 140E 145E 150E 155€

above-normal precipitation through-
out the region. Wet conditions were
particularly prominent in Novem-
ber, when large areas received
abundant rainfall, with significant
flooding in southern Queensland.
Despite this late-year rainfall, precipitation totals for
the period April 1991 to December 1995 were among
the lowest on record over a large part of this region.
In the southeast, significant precipitation deficits had
abated by the end of July (Fig. 65), in response to
above-normal precipitation during the May—July pe-
riod (Fig. 66).

In Western Australia, Tropical Cyclone “Bobby”
struck northwestern Australia near Onslow during
February 1995, producing torrential rain (425 mm in
48 hours) and destructive winds. “Bobby” drifted
southeast, generating widespread heavy rain and
flooding across the interior of Western Australia—
over 300 mm in areas that normally receive 225-275
mm throughout the entire year. This rainfall contrib-
uted substantially to the positive precipitation anoma-
lies evident in the southwest during the October 1994—
April 1995 period (Fig. 61).

e. Africa
1) JUNE-SEPTEMBER 1995: WESTERN AFRICA RAINY
SEASON
The Sahel region receives about 90% of its annual
mean precipitation during the June—September period.
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FiG. 61. Precipitation anomalies (mm) during October 1994-April 1995. Anomalies
are departures from the 1961-90 base period means. (Source: CPC)
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Fic. 62. Precipitation anomalies (mm) at Darwin, Australia for
October—April. Anomalies are departures from the 1901-95 base
period means. (Source: CPC)
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Fig. 63. Rainfall deficiencies for April 1994-April 1995. (Source:

Australian Bureau of Meteorology)

FiG. 64. Precipitation index (average gamma percentiles
of station precipitation within the region) for northeastern
Australia during October—April. Percentiles are computed
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for the 1961-90 base period. (Source: CPC)

1961-90 base period. This follows a signifi-
cantly wetter-than-normal rainy season during
1994 and a near-normal year during 1993, This
is the first time since the late 1970s that rain-
fall totals in the Sahel have been normal or
above-normal for three consecutive years,
During 1995 above-normal rainfall was con-
fined primarily to southwestern sections, where
eastern Sierra Leone, northern Liberia, north-
ern Cote d’Ivoire, and southern Guinea re-
corded more than 1000 mm of precipitation (Fig
67a) during the season (150-250 mm above
normal). The most significant dryness stretched

Fi. 65. Rainfall deficiencies for April 1994-July 1995. (Source:

Australian Bureau of Meteorology)

This rainfall is closely related to the north-south move-
ment of the Intertropical Convergence Zone (ITCZ),
which begins its northward movement at the begin-
ning of the Northern Hemisphere Spring and reaches
its northernmost position (15°N) during August. Dur-
ing the 1995 rainy season much of the Sahel recorded
near-normal rainfall totals (Fig. 67b), relative to the

from southern Mauritania southeastward to
Mali and Burkina Faso. Southern Senegal also
experienced rainfall deficits with totals averag-
ing between 600-700 mm during the season
(Fig. 67a).

During June rainfall was generally near normal to
above normal across the Sahel. However, rainfall
deficits developed over Mauritania and Mali. Most
countries in the Gulf of Guinea region also observed
rainfall below 70% of normal during the month, ex-
cept the coastal areas of Cote d’Ivoire, Benin, and
Ghana, where stations reported above-normal rainfall.
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FiG. 66. Precipitation anomalies (mm) during May-July 1995.
Anomalies are departures from the 1961-90 base period means.
(Source: CPC)

In July rainfall tended to be near normal or slightly
below normal across the Sahel region. However, dry
conditions prevailed in Mali and eastern Niger where
rainfall was generally only 50% to 80% of normal.
During August and September, rainfall was again near
average across most of the Sahel. However, rainfall
was particularly abundant (over 150% of normal) in
a few locations, including southeastern Burkina Faso
and parts of Benin and Senegal. Rainfall also im-
proved significantly in southwestern Mali, Niger, and
northern Burkina Faso during the period, where nor-
mal to above-normal rainfall (95%—170%) totals were
recorded.

2) OcTOBER—APRIL 995: SOUTHERN AFRICA RAINY
SEASON
In southern Africa, the rainy season typically lasts
from October to April, and reaches maximum strength
between November and March. The region as a whole
receives more than 75% (some parts more than 90%)
of its mean annual precipitation during this seven-
month period. Significant precipitation is rare through-
out the region after mid-May. The year-to-year vari-
ability in rainfall over southern Africa shows a strong
relationship to the ENSO cycle, with below-normal
(above-normal) rainfall generally observed during Pa-
cific warm (cold) episodes (Ropelewski and Halpert
1987, 1989).
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Overall, rainfall totals during the 1994/95 rainy sea-
son were significantly below normal over large por-
tions of southern Africa and Madagascar (Fig. 68).
Rainfall deficits exceeding 150 mm (Fig. 68b) were
observed throughout Namibia, southeastern Angola,
much of Botswana, Zimbabwe, Mozambique, the
southern two-thirds of Madagascar, and the northeast-
ern section of South Africa. In many of these regions,
the observed rainfall totals were generally 50-75% of
normal, while in central Namibia the totals were only
25-50% of normal.

The rainy season in southern Africa was character-
ized by a slow onset, with rainfall deficits during
November and December 1994 averaging 50 -200
mm across the subcontinent. These dry conditions im-
proved slightly during January 1995, particularly over
portions of Zimbabwe, northeastern South Africa, and
parts of Botswana, where heavy rainfall (100-200
mm, over 150% of normal) was observed. However,
during late January-February, abnormally dry condi-

t%'l

Fic. 67. (a) Total precipitation and (b) precipitation anomalies
in mm for June-September 1995. Anomalies are departures from
the 1961-90 base period means. (Source: CPC)
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tions once again dominated southern Africa, with to-
tals among the lowest 10% of climatological occur-
rences over southern Botswana, northern Zimbabwe,
and central Mozambique. Dryness persisted through
March over much of southern Africa, although heavy
late-month rains provided much-needed moisture to
many areas from Botswana and central Zimbabwe
southward. However, below-normal rainfall continued
through April in many regions, allowing moisture
shortages to increase across much of southern Africa.

The onset of the 1995/96 rainy season in southern
Africa brought a marked increase in rainfall totals for
much of cast-central South Africa and southwestern
Namibia (Fig. 69). This increased rainfall helped to
case the long-term dryness that plagued the region
throughout the first half of the 1990s. These changes
are consistent with the onset of cold-episode condi-
tions in the equatorial Pacific during the second half
of the year (see section 3).

158

258

555' 3

Fic. 68. (a) Total precipitation and (b) precipitation anomalies
in mm for November 1994-March 1995. Anomalies are
departures from the 1961-90 base period means. (Source: CPC)

FiG. 69. Precipitation anomalies (mm) for November—
December 1995. Anomalies are departures from the 1961-90 base
period means. (Source: CPC)
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5. Seasonal summaries
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