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Climate change in Argentina:
trends, projections, impacts

and adaptation

Vicente Ricardo Barros,'* José Armando Boninsegna,? Inés Angela
Camilloni,” Martina Chidiak,®> Graciela Odilia Magrin®

and Matilde Rusticucci®

In most of Argentina, the warming since 1901 was a little lower than the global
average, although with strong trends in temperature extremes and in heat waves
during the most recent decades. There was a remarkable increase in precipitation
over most of subtropical Argentina, especially since 1960. This has favored agricul-
ture yields and the extension of crop lands into semiarid regions, but this increase
also came with more frequent heavy rainfalls and consequent flooding of rural and
urban areas. Since the early 1970s, the main rivers of the Plata Basin have increased
their mean flows, but this was attributable not only to increased precipitation, but
also to land use changes. In contrast, over the Andes Mountains, reduced rainfall
and increased temperature has led to glaciers receding and reduced river flows.
Climate projections for the first half of this century maintain observed trends and
raise additional concerns that in most cases can be dealt with timely adaptation
policies. However, by the end of this century, under an extreme emissions scenario,
the projected warming reaches 3.5°C in the north of the country with respect to
present-day conditions. There is insufficient knowledge to assume that this warm-
ing would not create severe damages to the people and the economy of Argentina.
Because of the damages and casualties that heat waves and extreme precipitation
events are already producing, the first and most urgent adaptation required is to
reinforce early warning systems and contingency planning to cope with climatic
extremes and their consequences on health. © 2014 John Wiley & Sons, Ltd.
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INTRODUCTION

ainland Argentina extends from the tropic of
Capricorn to almost 60°S (Figure 1). Although
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the country is known for having fertile plains,
two-thirds of its territory is either arid or semiarid.
It has a variety of biophysical systems: mountains,
plains, cold and warm deserts, dry and wet forests,
wetlands including a delta, huge rivers and a long
maritime coast. Most of the agriculture takes place
in the fertile plains to the east of the country and
also in irrigated valleys at the foot of the Andes
Mountains. Although the country has a diversified
industry, agriculture and its direct manufactures add
up to 55% of the export revenue.! More than 90% of
the population is urban and it is unevenly distributed,
being concentrated in high proportion in the Greater
Buenos Aires area and a few other large cities. The
interactions of all these geographic features with the
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FIGURE 1| Argentina: regions, major cities, and rivers.

climate of the country shape the influence of climate
change in Argentina.

This article includes an overview of the more rel-
evant observed and projected climate change trends
and impacts. The focus of the overview is on sur-
face temperature and precipitation and their impacts
on hydrology and agriculture, although other vulner-
able systems, namely glaciers, the Plata River coasts
and the irrigated valleys at the foot of Andes are also
addressed. Greenhouse gas emissions since 1990, dis-
aggregated by activity sectors, are summarized and
briefly discussed. Finally, this study has an overview
of the main public and private sector responses to cli-
mate change, as well as identifying the main concerns
that should be attended to in the upcoming years.

CLIMATIC BACKGROUND

Mainland Argentine is located within the region of
subtropical and mid-latitudes climates. Along with its
neighboring countries, it is located between the two
great oceans of the Southern Hemisphere, the Atlantic
and Pacific Oceans. Except in the north of the coun-
try, this ocean proximity makes the daily and annual
thermal amplitudes in general lower than in the con-
tinental regions of similar latitudes of the Northern

wires.wiley.com/climatechange

FIGURE 2| Precipitation change in subtropical eastern and central
Argentina; isohyets in mm; 1950—1969 in black and 1980-1999 in
red.??

Hemisphere. The other important geographic influ-
ence on the regional climate is the Andes Mountains,
which to the north of 40°S has an average height of
more than 4000 m and so blocks the air coming from
the west. This prevents the passage of moisture from
the Pacific Ocean toward Argentina.

In the lower layers of the atmosphere, close to
the surface, two types of predominant circulation
flows over Argentina can be distinguished. Winds
from the west prevail over Patagonia, while in the
rest of the country winds are driven by the South
Atlantic high pressure system (hereafter ‘high’), which
brings humid and sometimes hot air from the east and
the north. Hereafter, the region under the influence
of the South Atlantic high will be called subtropical
Argentina. In Patagonia, from 40°S to the southern tip
of the country, the Andes Mountains are progressively
lower allowing the passage of westerly winds coming
from the Pacific Ocean. This air, forced to ascend, pro-
duces abundant rainfall and cloudiness in Chile and
in a narrow strip along the Andes on the Argentine
side where it loses its humidity. Thus, the prevailing
westerlies become dry and the rest of the Argentine
Patagonia receives very little precipitation. In the sub-
tropical region, the average annual rainfall varies from
a maximum of more than 1200 mm in the northeast
to about 100 mm in the desert plains of the southwest;
i.e., the isohyets are aligned roughly north to south
(Figure 2). This zonal gradient in precipitation is
due to the fact that moist air from both the tropical
continent and from the Atlantic Ocean arrives more
frequently in the east than in the west of the region.

OBSERVED CLIMATE CHANGE

Circulation Patterns
The boundary between the western edge of the South
Atlantic high and the middle latitude circulation
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at the surface level shifted toward the south by
approximately 250 km in eastern Argentine between
1951-1960 and 1991-2000.> Accordingly, the more
frequent wind directions over the east of the coun-
try between 35 and 39°S, namely over the Rio de
la Plata and the Buenos Aires province, have rotated
from the northeast to east—northeast or even to the
east.? This displacement of the near surface circulation
also reached northern Patagonia with a weakening of
the westerlies and a shift of the maximum zonal wind
axis from 46 to 48°S.* As the near surface circula-
tion has a seasonal shift toward the south (north) in
summer (winter), its observed displacement has been
consistent with more frequent weather patterns asso-
ciated with the mean summer circulation, especially
in the transition seasons.® This change enhanced the
advection of humid air from the Atlantic Ocean over
most of the region.®

Surface Temperature

In the period 1901-2012, the mean temperature
increased by about 0.5°C across most of Argentina.’
This warming has been a little lower than the global
average. The strongest positive changes since 1960
occurred in the mean summer minimum temperature,
even though in this season the mean maximum tem-
peratures mostly decreased, except in Patagonia.® In
the second half of the past century, there was a gen-
eral warming in Patagonia® where both the maximum
and the minimum temperature had a positive trend
that was consistent with a more frequent northern
flow component in the low levels of the atmosphere.
Stratospheric ozone depletion could have contributed
to this warming over the Patagonia, as it has played
a major role in the atmospheric circulation changes in
the Southern Hemisphere during the second half of the
20th century.!0-12

Extreme Temperatures

For all Argentine meteorological stations, trends
in temperature extremes from 1901 to 2010 show
a strong warming of the night-time temperature,
with fewer cold nights and more warm nights.%13716
However, the highest annual maximum temperature
decreased between 1956 and 2003 consistently with
more precipitation in summer months, while the
lowest annual minimum temperature increased in
central Argentina. This has led to a decrease in the
maximum annual range of temperature.'” No matter
which definition is used to define them, heat waves
have been increasing in Argentina. For example, the
number and intensity of heat waves defined as at
least three consecutive days over the 90th percentile

Climate change in Argentina

temperature of the 1961-1990 record has increased
between 1961 and 2010, with the strongest increase
in the intensity and number of heat waves of short
duration (3-5 days). Although there is large decadal
variability, the decade 2001-2010 has generally seen
the largest number of heat waves.!®

The Extreme December 2013 Heat Wave

From December 13 to 31, 2013, a strong heat wave
occurred over central Argentina with maximum tem-
peratures over 40°C and minima over 28°C. This heat
wave was the longest and the most intense, consider-
ing the accumulation of degrees over thresholds, ever
registered in the region. Record values of minimum
temperature were verified in a station close to Buenos
Aires with an estimated 100-year return period.'® The
power system collapsed in many sectors of Buenos
Aires and of other cities because of the intense use
of air conditioning. There is not yet a comprehensive
assessment of casualties, but they may have been sig-
nificant, according to the international experience of
similar events.

Precipitation

Precipitation increased over most of subtropical
Argentina during the period 1916-1990.!"° Until
the 1960s, precipitation trends were small, but later
became considerable,'®?%¢ annual precipitation
trends since 1960, updated until 2005, were positive
for all subtropical Argentina, with some trends of over
Smmyear~! and a maximum exceeding 8 mm year™!
over northeastern Argentina.”! In some places of the
dry west and southwest of the subtropical region, the
percent increase during the 30-40years of positive
trends reached 30% of their initial values (Figures 2
and 3). In spite of the high interannual variability,
many of the positive trends in the precipitation series
are statistically significant at the 10%, and in a few
cases even at the 5%, confidence level. There is pale-
oclimatic evidence that the wetting trend that started
in the 1960s has been without precedent in at least
250years according to the sediments found in the
Mar Chiquita lagoon.??

In the north of the country, most of the change
was concentrated in a step change during the 1970s.%*
In this region, half or more of the annual rainfall
trend occurred in the months of El Nifio phase,
with less contribution from La Nifia and the neutral
phases. However, in the rest of subtropical Argentina
and especially south of 30°S, increased precipitation
occurred mostly during months of the neutral phase
of El Nino/Southern Oscillation (ENSO), with only
small trends during months of El Nifio and La Nifia

© 2014 John Wiley & Sons, Ltd.



Advanced Review

-70 -68 -66 -64 -62 -60 -58 -56 54

FIGURE 3| End-to-end change in annual precipitation through the
1960-2000 period (mm). Green (yellow) positive (negative) changes.

phases.® Accordingly, most of the annual precipitation
trends since 1960 in subtropical Argentina can be
accounted for by two modes. The first mode, which
is positively correlated with precipitation in northern
Argentina and with ENSO indices, had a steep increase
in precipitation at the end of the 1970s. The second
mode, which has a maximum positive correlation with
annual precipitation between 30 and 40°S, had a
regular positive trend starting in the early 1960s and it
is correlated with the southward displacement of the
South Atlantic high.20-

In conclusion, in northern Argentina, annual
positive precipitation trends can be attributed in part
to changes in the frequency and intensity of the ENSO
phases, but in the rest of subtropical Argentina they
were at least partially attributable to the southern
shift of the western edge of the South Atlantic high
that enhanced the moist advection from the Atlantic
Ocean. The only exception to the regional increase
of precipitation occurred over the Andes Mountains
between 30 and 42°S, where negative trends in pre-
cipitation since the beginning of the last century can
be inferred from trends in river flows. Also, in the nar-
row humid strip near the Andes in northern Argentine
Patagonia precipitation has declined since at least the
middle of the last century when meteorological obser-
vations started. The precipitation reduction reached
30-50% in some localities, being similar in percent
to the decrease observed in the neighboring Chilean
gauge stations.?’
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FIGURE 4 | Number of days per decade with precipitation over
100 mm in the city of Buenos Aires.

Extreme Precipitation

In the subtropical region of Argentina, the positive
trends in precipitation were part of a more general
change in the statistical distribution, with increasing
amounts of rain concentrated in the heaviest rainfalls.
The annual maximum of 1- and 2-day accumulated
rainfalls had positive trends since 1960, as also did
the frequency of heavy rainfalls over thresholds rang-
ing from 50 to 150 mm.?%?” An example is shown in
Figure 4. These trends in extreme rainfall intensity and
in frequencies over thresholds are statistically signif-
icant for precipitation aggregated at either regional
or subregional scales, especially in central and eastern
Argentina between 30 and 40°S.2® There was also a
trend in the monthly aggregated precipitation distribu-
tion with a marked drift toward a greater percentage
of rain falling in the ‘above normal’ (65th to 90th per-
centile) and ‘extreme high’ precipitation months (over
the 90th percentile).?! This intensification trend had
consequences over extended and very flat plains of the
country, where flooding is driven by precipitation on
the scale of a month or more.

IMPACTS
Hydrology

Since the early 1970s, the main rivers of the Plata
Basin, namely the Paraguay, Parand and Uruguay
rivers, which run into the eastern part of Argentina
(Figure 1) have increased their mean flows,?8730 as
well as the frequency of their extreme discharges.
Given the importance of these rivers for power gen-
eration, navigation and livelihood in their geological
flood valleys, these changes have had important geo-
physical and social impacts and consequences. The
increase in the annual discharges until the 1990s
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was of the order of 20-35%, with a reduction after
2000 that however did not reverse the former growth.
Therefore, these rivers maintained their discharges at
levels well above those of the 1950s. Similar trends
were observed also in important tributaries such as the
Bermejo, Salado and Iguazu rivers.

The upper basins of the Parand and Paraguay
rivers have suffered substantial land use change that
was the driver of positive discharge trends in those
rivers, enhanced in their southern courses by the pre-
cipitation trends mentioned previously. In the south of
the Plata Basin and particularly in the Uruguay River,
the main driver of the river flow trends was precipita-
tion change.3-3% In contrast with the great rivers of the
eastern subtropical region, the discharges of the rivers
that come from the Andes Mountains between 30 and
42°S have had strong negative trends in flow since the
beginning of the last century, which in some cases led
to reductions of 50%. These trends were caused by the
reduction of precipitation over the Andes. The declines
in flow were not more pronounced only because of the
long-term melting of the glaciers.

Floods
The Parand and Paraguay basin have very gentle
large-scale slopes that in the most stepped areas do
not exceed 0.3mkm='.33 Thus, high rainfall per-
sisting during some months on extended areas of
small slopes may lead to river overflows enduring for
months.3*35:30 The extreme discharges of the Parana
and Uruguay rivers became considerably more fre-
quent in the 1980s and 1990s (Figure 5). Many
of the greater discharges, but not all, occurred dur-
ing El Nifio phases, but their increase in frequency
responded to precipitation trends, which only in part
were explained by El Nifio changes.® In the first half
of the last century, there were few major floods caused
by overflows of rivers and brooks. For instance, in the
case of the Parani River, there were no major flood
events for more than 60 years following the great flood
of 1905. This long period without major floods led
to the occupation of the flood valleys with agricul-
tural activities and even with urban settlement. This
increased the human and economic risks that mate-
rialized when floods became more frequent from the
early 1980s. In 1983 and 1997, floods along the coasts
of the Parana and Uruguay rivers forced the evacua-
tion of hundreds of thousands of people and an esti-
mated cost of over a billion dollars.3® In the case of the
Parand River, in its major floods of 1982/1983, 1992
and 1997, the surface affected in Argentine territory
was of the order of 40,000 km?2.

While in the Parana River floods may endure for
several months, in the Uruguay River flooding only

Climate change in Argentina
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FIGURE 5 | Number of monthly flow anomalies at Corrientes
(Parana River) and Paso de los Libres (Uruguay River) higher than at
least two times the standard deviation of the corresponding month.

lasts for 3-10 days because its basin is considerably
smaller than the Parand basin. Peak streamflows
respond quickly to one, or at most, two storms. As
with the Parand River, the frequency of the major
discharges in the Uruguay River increased during the
last two decades of the 20th century, but in a lower
proportion, only doubling relative to previous decades
(Figure 5). Like in the two other great rivers of the
Plata basin, most of the major discharges of the 20th
century in the Paraguay River took place in the last
decades of the century. Two-thirds of the 16 major
floods of the last century occurred after 1975. This
trend was even more evident in the largest discharges
as four of the five largest discharge events occurred
after 1975.30

Lingering floods also take place in the Buenos
Aires Province, not only from overflows of water
courses, but also from stagnation of water excess in
low areas of plains with very little drainage.3” The
most severe flooding in recent times in this Province
took place in 1987, 2002/2003 and 2012 and again
in 2014 causing considerable damage to agriculture
production. In subtropical Argentina, heavy storms
mainly originate in meso-scale systems that produce
sudden floods in low-lying areas, which in some cases
have become urbanized. Since the beginning of this
century urban floods have become more frequent and
have caused great damage and in some cases sub-
stantial casualties. The more relevant and well-known
cases occurred in the cities of Santa Fe in 2003 and
2007 and La Plata in 2013, but in addition several dis-
asters by flash floods or landslides in smaller cities and
towns are reported by the media almost every year. In
2003, the overflow of the Salado River surpassed the
defenses and flooded almost a third of the city of Santa
Fe causing dozens of casualties.3® A great part of this
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city was flooded again in 2007, this time from a heavy
rainfall 72 situ, but with considerably fewer casualties.
In 2013, over La Plata, the capital city of the Province
of Buenos Aires, there was an unprecedented heavy
storm that in less than a half-a-day poured hundreds of
millimeter over the city and its surroundings, reaching
in one pluviometer more than 400 mm. Large parts of
the city were flooded causing great damage to housing
and more than 80 documented deaths.?®

Agriculture

Increase in crop yields in the Pampa region since the
1960s was caused by both technology and climate
trends. The increase in spring and summer rainfall
observed in several regions of Argentina, impor-
tantly favored annual crop and forage productivity.
Crop simulation models indicate that after filtering
technology-induced trends, greater water availability
for crops in the Pampa region during 1970-2000 (as
compared with 1930-1960) led to yield increments
in soybean (38%), maize (18%), wheat (13%), and
sunflower (12%), as well as in the productivity of
temperate grasses (7%) especially in the southern and
western zones.>>*0 However, in the case of wheat,
model simulations also indicate that the gains due
to precipitation changes were reduced in response
to higher minimum temperatures.*! In addition, the
more humid climate, together with a number of other
factors such as new production technologies and
genotypes, the enhanced global food demand, and
the increase in grains price, allowed the expansion
of agriculture toward the western zones and the
inclusion of new lands for agriculture.*?

Although observed climate change has favored
the yields of the main crops, the increased frequency of
extreme weather events constitutes a growing risk. A
number of extreme precipitation events occurred dur-
ing recent years leading to flooding with important
economic agricultural impacts. In 2000-2001, e.g.,
extended flooding in the plains of Buenos Aires caused
loses attaining 700 M USD in forage output, wheat
and maize yields and in milk production.** Another
example was the drought of 2008/2009, when pre-
cipitation in some localities was almost half its mean
value. This led to production loses of 29% in soy-
bean, 20% in wheat, 19% in sunflower, and 12% in
maize, and a 40% reduction in wheat’s planted area
in 2009.4

Glaciers and Andean Rivers

Between 30 and 40°S, the Andes is a mountain region
where socioeconomic activities are highly conditioned
by climate. During winter, snow accumulates in the

wires.wiley.com/climatechange

FIGURE 6 | Photographs of the Glaciar del Humo, Atuel River basin.
The upper picture was taken by W. Von Fischer in 1914 and the bottom
one by D. Cobos in 1982.%

high mountains, and occasionally in the elevated val-
leys, and starts to melt during the spring leading to
the rise of river flows. The hydrological cycle is there-
fore conditioned by snow precipitation and tempera-
ture with the maximum runoff in the summer months
of December and January. This provides water for
the population, agricultural activities and hydroelec-
tric power. The stability of this cycle is crucial to sus-
tain human activities in the region. The variability of
snowfall is very high, with years of abundance and
years of scarcity. High precipitation periods coincide
with the occurrence of El Nifio events and large-scale
paleoclimate reconstructions of precipitation reveal
the existence of cycles of prolonged drought.*> More
importantly, instrumental observations and paleocli-
mate proxy data over the Andes Mountains reveal a
positive trend in temperature, especially in winter, and
a declining trend in precipitation.

These trends in precipitation and temperature
have caused a reduction of the ice mass in the Andes.
Glacier retreats have been observed since the 19th
century.*® They were in general easily perceived by the
local population, increasing awareness about changes
in climate and landscapes.*” Two photographs from
the Atuel River Basin, taken in 1914 and 1982, are
shown in Figure 6 as an example of the retreat of
one of the many glaciers documented by photographs
and/or satellite images on the Andes south of 30°S.

© 2014 John Wiley & Sons, Ltd.
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FIGURE 7| Rio San Juan hydrograph for the periods 1909-1919

and 1993-2003.

The volume of the river runoff depends mainly
on the amount of snow falling during the win-
ter months, but it is temperature that regulates the
snowmelt velocity. Higher temperatures make the pro-
cess of snowmelt begin earlier, increasing the flow rate
during the spring and shifting the maximum peak ear-
lier, from January to November—-December with con-
sequently less flow during summer.*® Figure 7 shows
both the trend toward less flow and the phasing to an
early peak, typical of the rivers of the region between
30 and 40°S. Both trends have implications for water
availability, as most of the agriculture demand is con-
centrated in summer.

In the extreme south of the country, in the so-
called ‘south continental ice field’ in the Andes, of 50
glaciers, 48 are receding and only 2 are stationary.**-°
The impact of glacier retreat on the river flows of the
region is still not well understood, but without doubt
implies the loss of major water reserves.

21ST CENTURY CLIMATE
PROJECTIONS

Figures 8 and 9 show the regional patterns of the
annual surface air temperature and precipitation
change in response to increased greenhouse gas con-
centrations computed from the multi-model ensemble
mean of global climate model (GCM) outputs orig-
inating from the Coupled Model Intercomparison
Project, Phase 5.°! Projected changes under scenarios
RCP4.5 and RCP8.5 are presented as in the IPCC
Fifth Assessment Report (ARS)’? for the near-term
(2016-2035) and for the long-term (2081-2100)
relative to the reference period (1986-2005). These
individual model projections were used to construct
an ensemble of the 42 GCM experiments available
through the Program for Climate Model Diagnosis
and Intercomparison (PCMDI; http://cmip-pcmdi.llnl.
gov/cmip$/).

Climate change in Argentina

For the next two or three decades, there is a
general warming projected all over the country in the
range of 0.5-1.0°C, a range almost similar for both
RCP 4.5 and 8.5 scenarios (Figure 8). Warming for
this period is already committed and independent of
different emissions scenarios, the rate of change being
uncertain only due to interdecadal natural variability
(and to the skill of the climate models).’3 The pro-
jected temperature increase for the coming decades
is greater than the observed warming of the last 60
years in Argentina, but occurring over half the dura-
tion. This constitutes an acceleration in the regional
warming rate.

By the end decades of the 21st century, differ-
ences between the two scenarios are important. In the
RCP 4.5, the projected temperature increase is more
than 1.0°C over the whole country, being more pro-
nounced in the north and west than in the south and
east, in the northwest being in the range of 2.0-2.5°C.
For the scenario RCP 8.5, the geographical pattern is
similar, but the warming is considerably higher, reach-
ing 3.5° C in the northwest of the country. The pro-
jected warming is in general more intense during the
summer months (not shown).

For the next two or three decades, projected
precipitation changes are positive in the northern
and central regions, but in magnitude only less than
100 mm a year, while precipitation reductions are
projected for the dry area in the central-western
region and for the whole of Patagonia (Figure 9).
The projection patterns are similar for the end of
the century and for both RCP scenarios. According
to these scenario projections, it appears that the
general precipitation increase experienced over the last
50 years for the east and central subtropical Argentina
would not be reversed during the rest of this century.
In the northwest Patagonia, the observed negative
precipitation trend of the last century is also projected
to continue and, as in the case of the observed trends,
most of the projected precipitation reductions would
occur in winter.

All the projections of extreme temperature
indices for the end of the century are consistent with
a warmer climate in Argentina.’*> In the case of
CMIP3 projections, the 20-year return period of the
observed annual maximum temperature for the late
20th century (1981-2000) for southeastern South
America is projected to be substantially reduced. In
scenario SRES B1, the 20-year return period reduces
to 2-Syears for 2046-2065, and to just 1year for
2081-2100 for the SRES A2 scenario.’> The more
recent CMIPS climate scenarios suggest changes
toward more extreme warm temperature indices.

© 2014 John Wiley & Sons, Ltd.
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FIGURE 8| CMIP5 multi-model ensemble mean of projected changes (°C) in annual temperature for the near-term (2016-2035) left, and
long-term (2081-2100) right relative to 1986—-2005 under RCP4.5 top and RCP8.5 bottom.

According to the multi-model average of these sce-
narios, the 20-year return value of the maximum
daily temperature would increase over Argentina
with respect to 1986-2005 by 0-1°C in the RCP2.6
scenario and 2-3°C in 2081-2100 in the RCP8.5 one.
Similarly, for the same two periods, the 20-year return
value of the minimum temperature would increase
0-1 and 3-4°C, respectively, for the RCP2.6 and
RCPS.5 scenarios.’®

Based on the outputs of four regional climate
models nested in three different GCMs, driven
with the IPCC SRES A1B emissions scenario,

distributions of monthly precipitation averaged
across two regions of eastern Argentina have been
projected for 2011-2040 and 2071-2100.>” One
of these regions encompasses most of northeastern
Argentina and the second region comprises the east
of the country and the west of Uruguay between 32
and 36°S. The observed positive trends in extreme
monthly precipitation since 1960%! are projected to
continue,’’ especially in the second region where
they are related to the long-lasting floods that take
place over the flat plains with little drainage. Thus,
assuming no change in other flood drivers, such as

© 2014 John Wiley & Sons, Ltd.



WIREs Climate Change

RCP4.5-2016/2035

2551
308 |
1
0.75
3551 0.5
0.25
0
40S 1 —0.25
05
-0.75
4551
-1
508 |
' F
55S 3'%5'
75W  70W  65W  60W  55W
RCP8.5-2016/2035
255 |
308 |
1
0.75
358 05
0.25
0
40S 4 —0.25
-05
a2t -0.75
458 | "8z
-1
508 |
558 | :
75W  70W  65W  60W  55W

Climate change in Argentina

RCP4.5-2081/2100

258 1
308
1
0.75
35S 0.5
0.25
; 0
4084 £ & -0.25
-0.5
- -0.75
458 1 “Bx
1
508
558 3
75W  70W 65W 60W 55W
RCP8.5-2081/2100
258
30S
1
0.75
355 1, 05
0.25
0
408 . -0.25
-0.5
-0.75

458

508

558

55W

75W

FIGURE 9 | CMIP5 multi-model ensemble mean of annual precipitation (mm day~") for the near-term (2016-2035) left, and long-term
(2081-2100) right relative to 1986-2005 under RCP4.5 top and RCP8.5 bottom.

land use or drainage works, it could be expected that
the future recurrence period of such floods will be the
same or even shorter.

PROJECTED IMPACTS

Coasts

The maritime coasts of Argentina are in general high
with cliffs or stepped terrain near the shore. For that
reason, although the situation of these coasts under the

projected 21st century scenarios of sea-level rise (SLR)
have not been studied in detail, it is not expected that
significant loss of land would result from permanent
flooding during this century. The exception would be
some tidal islands south of the city of Bahia Blanca
in the extreme south of the Province of Buenos Aires
(Figure 10). The coast of the estuary of the Plata River,
which basically has a tidal dynamic, has been studied
under a global mean SLR scenario of 50 cm.’? Under
this projection, it is unlikely that the permanent sea
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FIGURE 10 | Buenos Aires Province and the Plata River.

intrusion would result in appreciable loss of land for
most of the coast between the Parana delta and the
Samborombén Bay.*®

The case of the southern coast of the Samborom-
bén Bay is different. Here, there is a loss of land to
be expected, not only because of the shallower slope
of some coastal areas, but also because the coastal
sediments have soft structural features.>® These favor
rapid marine erosion by the higher frequency of higher
tides, and by a greater frequency of high-energy waves
generated in the ocean by the more frequent easterly
winds. A full quantification of the surface likely to be
lost in this area is still pending, but it is estimated that
it will be important in the coming decades.*®

Aside from their ecological importance, the land
areas projected to be lost in this coastal region are
neither significant in size nor of great economic value.
Thus the greatest human impact of SLR will occur
through the increased recurrence and spatial reach
of storm surges on the Plata River coastal areas,
including those of the Greater Buenos Aires city.’®
Presently, in this city nearly 200,000 people are
potentially affected by storm surges with an average
recurrence of one in 20years. In the SLR scenario
of 50 cm, this number would be near tripled. This
is a conservative estimate because it assumes no
demographic growth, an outcome which according to
current trends is highly unlikely.’$
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Hydrology
Hydrological scenarios for the Plata basin were
developed for two future periods, 2021-2040 and
2071-2090 based on four regional climate models
driven by three CMIP3 GCMs. Using the hydrologic
distributed VIC model,®® a moderate increase in
discharge for the majority of the rivers in the Plata
basin was simulated for the near future. There is a less
uniform variation toward the end of the century®!62
with strong differences between emission scenarios.>®
Nonetheless, an increase in frequency and duration of
fluvial floods is projected for the Parana and Uruguay
Rivers.®3

The Ibera Wetland, located in northeastern
Argentina, is one of the largest inland freshwater
ecosystems in the world, only second in size to the
Pantanal in the South American interior. It has a rich
biodiversity and recent changes show sensitivity to cli-
mate that raised concerns of a loss of this system under
a high-emissions scenario. The main features of the
system dynamics were successfully simulated with a
distributed hydrological model,** including the daily
streamflow of the river that drains the wetland and
the daily level of the Ibera Lake. Sensitivity tests, per-
formed by varying regional temperature and precipi-
tation conditions according to the outputs of a set of
CMIP5 climate models, showed a strong dependence
of the basin hydrology on possible changes of precipi-
tation rather than on changes in temperature. In fact,
a warming of +1.5°C in the regional mean tempera-
ture would produce a reduction in the river streamflow
that would be compensated by an increment of only
1.8% in rainfall. Projections of future changes in the
Ibera Lake level for the 21st century based on regional
climate model experiments under the SRES A1B sce-
nario show an increment in the annual mean water
level of around 10 ¢m both for the near future and for
the end of the century.®* According to these results and
the precipitation projections of CMIP5 (Figure 7), the
risk of losing this wetland appears relatively low.

Agriculture

Several studies that assess climate change impacts
in the Pampa region suggest that the productivity of
the main extensive crops (wheat, maize, and soybean)
would not change much by the mid-21st century.
If the benefits of increasing CO, concentration on
crop physiology occur (increasing photosynthesis
and reducing stoma conductance), then slight yield
increases may arise. Model simulation results show
important spatial variability, however, and differences
among species. In general, total crop production
for the country might balance because of increase
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in productivity in the southern and western Pampa
region®? and of some loses in the core production
region and in the north of the country. Here, water
deficits could intensify due to more evapotranspira-
tion resulting from higher temperatures.®® In northern
Argentina, occasional problems in water supply for
agriculture under the current climate may be exacer-
bated in the future and may require investments to
cope with future additional stress.®”

Soybean crops could be more favored than
wheat or maize in the future, maintaining their yields
even with 3°C temperature increase.®® Warmer and
wetter conditions may favor the extension of crops
toward the southern and western areas of the Pampa
region. In addition, new crops will be possible, as e.g.,
Arabica coffee, which is expected to be expanded in
the north of Argentina with a warming of +3°C.%’
However, there are uncertainties related to different
climatic scenarios, the true effects of increasing CO,
concentration, and the relative lack of knowledge
about the future behavior of biotic factors such as
pests, diseases, and weeds. Climate change may alter
the current distribution scenario of plant diseases and
their management, having effects on crop productiv-
ity. Years with severe infection of late cycle diseases in
soybean could increase, severe outbreaks of the Mal
de Rio Cuarto virus in maize could be more frequent,
and wheat fungi will possibly increase slightly in
the south of the Pampa region by the end of the
century.”?

In northern Patagonia, fruit and vegetable grow-
ing could be negatively affected in the future because
of a reduction in the available water for irrigation
from rivers. In the irrigated oases at the foot of
the Andes between 32 and 37°S, increases in water
demand due to population growth, and reduction of
the river streamflow, would likely lead to additional
use of ground water for irrigation, pushing up irriga-
tion costs and possibly forcing producers out of farm-
ing toward 2030. Also, water quality could deteriorate
with the worsening of the already existing salinization
processes.”! In this region, in general, reduced water
availability would pose serious questions about the
sustainability of viticulture at its present scale.”?

Glaciers and Andean Rivers

In recent years, there has been increasing concern
about the implications of global climate change for
the Andean region. Climate projections indicate a
probable decrease of snow in the mountains and a rise
in temperature during the current century. A rise in
temperature means that the isotherm of 0°C will move
up the mountains leaving less surface for accumulation

Climate change in Argentina

of snow. In such a scenario, glaciers will probably
melt and, in some basins, completely disappear.”
These changes could seriously increase water deficits
in downstream locations and compromise the survival
of the oases.

Climate change assessed by different regional
circulation models indicates that by the end of the
century there will be an increase in temperature (+2.0
to +3.5°C in the 8.5RCP scenario) (Figure 6) and
less snowfall and runoff in the oases at the foot of
the central Andes (Figure 7). These changes would
set new conditions to which oases’ activities would
need to adapt. It is important to take into account
all the interactions among the variables. For instance,
if mountain temperatures rise steadily, snow cover
will melt earlier in the year causing a rise of runoff
during the early spring months and a drop during the
summer, just when agriculture most needs irrigation.
Such changes in the hydrograph of Andean rivers have
already been observed and are also projected using
results from regional climate modelling.”37*

GREEHOUSE GAS EMISSIONS

The literature on greenhouse gas (GHG) emissions
in Argentina is mostly from official documents, e.g.,
national communications to the United Framework
Convention on Climate Change (UNFCCC)”>7¢ and
studies elaborated by think tanks and international
organizations. National communications are the
only comprehensive studies covering all emissions,
sources, and sectors using the standard methodol-
ogy of the IPCC. In contrast to their extensive and
wide coverage of emissions inventories, national
communications only provide partial information
about mitigation potentials from a small number of
selected priority sectors and mitigation options. Until
now, Argentina submitted two national communi-
cations. The first had the GHG emission inventories
of 1990 and 1994. Its revision included the 1997
inventory and the second national communication
the 2000 inventory. There is an ongoing process
aimed to develop the third national communica-
tion to the UNFCCC. This study will provide key
and updated elements regarding national emissions
pathways, mitigation options as well as adaptation
and impacts research, http://www.ambiente.gob.
ar/archivos/web/ProyTerceraCNCC. The third natio-
nal communication will likely be public by 2016.
Additional sources of information for emissions pro-
jections, mitigation potential, and technology options
used here are the recent study on the Economics of
Climate Change,”” the Technology Needs Assessment
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(TNA) Study for Argentina,’® and a report of the
Bariloche Foundation for an energy firm.””

The composition of Argentina’s total GHG emis-
sions in 20035, excluding land use, land-use change,
and forestry (LULUCF) and measured as CO, equiv-
alent through each gas’s global warming potential,
is 47.4% CO,, 31.2% CH,, and 20.5% N,O. The
remaining 0.9% comprises other GHGs. Methane
emissions come mainly from cattle (enteric fermenta-
tion) and landfills, and N,O emissions mainly from
agriculture.”>7¢7? The bulk of emissions come from
the energy (almost half) and agriculture (42%), as is
the case in countries with similar economic structure.
Minor contributions come from waste and industry”’
(Table 1). Net emissions from LULUCF were negative
mainly because of forest regrowth. The forest sector
therefore constitutes a net carbon sink reducing net
GHG emissions by 4%. GHG emissions from the
energy sector mostly concentrate in the transport and
energy industries, together constituting about 63% of
the sector emissions. The rest of industries accounts
for 14%, and household, commercial, and public
consider for 24%.”°

Between 1990 and 2005, Argentina’s GHG emis-
sions grew about 40% (39% excluding LULUCEF sec-
tor and 43% including LULUCF). As of 2005, per
capita GHG emissions were 8.2 tons CO, eq.,”” over
the world average of about 7.5 tons CO2 eq., but
well below the average for OECD countries of 15
tons CO2 eq.8" The waste sector showed the highest
growth, 497%, due to the increase in waste, but more
importantly because of the trend to its burial disposal
in landfills and better accounting. The industry sec-
tor, which only includes process emissions and not the
energy used, had also an important increase of 135%,
while agriculture had the smallest sectoral increase of
only 15%7% (Table 1). If total GHG emissions esti-
mates include LULUCE, the emissions intensity ratio
(GHG emissions/GDP) of Argentina declined in the
period between 1990 and 20035, falling by about 5%
from 1.16 million tons CO, eq./M USD in 1990 to
1.10 million tons CO, eq./M USD in 2005.7%

As mentioned above, the second national com-
munication (SNC) does not provide a thorough
estimate of emission mitigation potential. Rather,
after identifying the main and fastest growing emis-
sions source sectors, five mitigation options of high
potential were identified and its mitigation potential
assessed over a 15- to 20-year time horizon. With
this approach, a total annual mitigation potential of
60 million tons CO, eq. (about 20% of the national
emissions) was identified through mitigation measures
aimed at renewable energy, energy efficiency, modal
transport systems, methane avoidance, but most of
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all from afforestation.8! The TNA for Argentina’®
identified four priority sectors (energy production,
transport, waste, and agriculture), selected because
of their high share in total emissions and because of
their high mitigation potential. A total of 24 priority
technologies (or groups of technologies) were identi-
fied. Implementation of the priority technologies in
these four sectors would have an annual mitigation
potential of 5.8 million tons CO, eq. However, this
study did not include afforestation that the SNC
identified as the sector with the highest mitigation
potential. The TNA study also identified a number of
institutional, financial, and technical barriers to the
implementation of each technology.

PUBLIC AND PRIVATE RESPONSES

Public Sector

The public sector in Argentina has addressed climate
change since the early 1990s with specific polices
and also through certain sectoral measures aimed to
attain other national policy goals, but with implica-
tions for adaptation to, or the mitigation of, climate
change. The institutional framework within the coun-
try consists of a Climate Change Division within the
Environmental and Sustainable Development Secre-
tary. Argentina is currently developing its National
Strategy on Climate Change. This process, initiated in
2009, involves government agencies and the scientific
and private sectors as well as the social society and
labor organizations, and it is now focused on the iden-
tification of specific targets and indicators for sector
policies in mitigation and adaptation. In the interna-
tional arena, Argentina has participated actively in the
UNFCCC negotiations, including the hosting of two
COPs in 1998 and 2004. The country has also con-
tributed to IPCC activities with the involvement of
many Argentinean scientists and as an active member
of the Panel.

Mitigation

As of April 2014, Argentina hosted 55 Clean Devel-
opment Mechanism (CDM) projects in the ‘CDM
pipeline’ according to CDM/JI Pipeline Analysis
and Database, 44 of them approved and 11 in the
process of validation. These projects are expected
to lead jointly to an annual reduction of 9.3 million
tons CO, eq. relative to a counterfactual baseline.?
The most relevant program types are related with
renewable energy (wind, solar, and biomass) and
landfill emissions. The national government has
launched programs aimed at improving energy effi-
ciency including the phasing out of incandescent
light bulbs and a program to promote the use of
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TABLE 1 | Argentine GHG Emissions by Source (million of tons CO, eq.)”2

Climate change in Argentina

2010 Sector share Growth
1990 1994 1997 2000 2005 (projected) in 2005 (%) 2005-1990 (%)

Energy 104 122 1301 132 149 192 49.9 43.7
Industry 7 8 1 1 17 16 5.5 134.7
Agriculture 110 117 119 125 126 152 42.3 15.2
Waste 3 2 12 14 20 24 6.6 497.2
LULUCF -15 -34 -28 -43 -12 — —4.1 -16.3
Total (incl. LULUCF) 209 215 243 2393 298 — 100.0 429
Total (exc. LULUCF) 224 249 271 282 311 384 — 39.3

GHG emissions of 2010 were projected during 2008 using economic trends and then applying the IPCC methodology used to estimate the former five GHG
inventories from 1990 to 2005. The professional team that worked on the 2010 projection was also the same that calculated the 2000 and 2005 GHG inventories.

off-grid renewable energies for rural areas. It provides
subsides and other fiscal benefits for afforestation,
the protection of the natural forests, and for the use
of alternative clean energies.®3 In addition, some
provinces have their own mechanisms to promote
renewable energy, which in the case of wind energy
are in force in several provinces. Regulations for the
mix of biodiesel in diesel oil for transportation were
established by law in 2010,83%% and currently the
biodiesel content of gas oil should be of 7%.

Adaptation

As a reaction to flooding events, several infrastructure
constructions have been built to alleviate flood risk
and reduce exposed numbers of people and assets,
although they are still not sufficient. As a response
to the floods of 1983 and 1992 in the Parana and
Uruguay rivers, both attributed to El Nifio, defenses
were constructed in many cities along these rivers and
an early warning system for floods was implemented.
As a result, the people displaced during the flood of
1997 numbered only 100,000 compared with 300,000
in the 1982 flood, which affected about the same
area.’® In addition to the national early warning
system, some provinces have developed their own
local systems, like in the case of Santa Fe. More
recently, the Province of Buenos Aires, which has 40%
of the national population, is starting to implement its
own early warning systems of extreme meteorological
and hydrological events.

National Institute Agriculture Technology
(INTA) scientists developed some strategies to cope
with, or take benefit from, climate variability. This can
be seen as an ongoing process of implementation and
learning in the adaptation to climate change. During
El Nifio years, usually with good water availability
during spring and early summer, early plantings and
good nutrient availability benefits maize and soybean
productivity in the Pampa region. On the contrary,

during La Nifa years, when lower yields are expected,
the best option should be late plantings with low fertil-
ization doses. Moreover, there are differences among
crops in their response to climatic variability related
to ENSO). Winter crops (wheat and barley) are less
sensitive as their growing seasons occur out of the
time of the year when there is ENSO signal or because,
such as sunflowers, they have lower water needs.®’
As for the selection of crop seeding in certain years, it
has been established that for maize the best indicator
of annual crop yield variability in Argentina is the
Southern Oscillation Index,%¢ whereas for soybean
and sunflower yields the equivalent best indicator is
the South Atlantic sea surface temperature

To cope with extreme weather events, one option
for transferring weather-related risks is by using dif-
ferent types of rural insurance. Index insurance is
one mechanism that has been introduced to overcome
obstacles to traditional agricultural and disaster insur-
ance markets. In Argentina, index insurances have
been developed for the milk sector.?” The parametric
insurance protects milk farms against heavy precipita-
tion events using the standardized precipitation index.
The same approach was developed for annual crops
such as maize and soybean.®® Specific productive early
warning systems have been developed using predic-
tive models and weather forecasts to warn about the
intensity of fungi in wheat®*~2 and the impact of heat
waves on milk production.’”

Private Sector

The private sector has contributed to global climate
mitigation by developing a competitive industry of
biodiesel based mainly on soybean, which led to the
export of 1,557,800 tons of biodiesel in 2012.84 This
industry is now helping to substitute fossil fuels in
the domestic market. The private sector was also the
major player in the national CDM implementation, as
mentioned earlier.
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The annual isohyets of 600 mm in the south and
800 mm in the north of the subtropical region are the
approximate boundaries for rainfed crops. The change
to a more humid climate in recent decades has shifted
this boundary, adding almost 10 million hectares
with annual precipitation over those values. As the
humid frontier moved west and persisted for decades,
land owners took advantage of these new conditions
and increasing land extensions were dedicated to
crop production. This was a process of autonomous
adaptation, not planned or recommended by any
centralized agency. Huge short-term revenues for land
owners and economic benefits for the regions involved
have resulted. However, in many cases, this adaptation
produced and will continue to produce considerable
damage to ecosystems and soil conservation.”?

As a result of this land-use change facilitated by
recent climate change, around 29% of the Atlantic
forest and 28% of the Yunga forest were lost since
1960,°* with large areas in which the changes were
even more pronounced. In central Argentina (northern
Cérdoba Province), forest cover has decreased from
52.5 to 8.2% between 1969 and 1999.%° Between
1972 and 2007, 1.4 Mha of dry forest were cleared
in the northwest of Argentina, especially in Tucuman
and Salta provinces.”®®” In the Espinal, an ecoregion
of the Chaco-Pampean plains, 20% of ecosystems
were lost and 60% of the forests were removed
between 1987 and 2009.°® In the Pampa region,
flood extension has been associated with the dynamics
of groundwater levels that have been influenced by
precipitation and land-use change.”® In addition, the
disappearance of natural and semi-natural habitats in
these heavily transformed agricultural landscapes will
have substantial negative effects on the provision of
natural pest control services.!%

The intensification of fluvial erosion depends on
the interaction of environmental factors and human
activities, such as deforestation, land-use change,
and unrestricted agriculture.'®! According to several
authors, current land-use changes are disrupting
water and biogeochemical cycles and may result in
soil salinization, altered C and N storage, surface
runoff, and stream acidification.'%?71%% Agricultural
exploitation of new climatic conditions in Argentina
has come at a price.

CONCLUDING REMARKS

Observed climate change since the middle of the last
century has caused multiple impacts in Argentina,
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both positive and negative. Negative impacts call for
adaptation actions, some of them, such as improved
flood management, are rapidly needed. For the near
future, in particular until the middle of this century,
climate projections raise additional concerns that also
require consideration. Nevertheless, neither already
observed nor near future projected climate change
implies problems that cannot be overcome with proper
and timely adaptation policies and measurements.
However, by the end of this century under the 8.5 RCP
scenario, warming could create unfavorable severe
conditions which might cause great damage to the
people of Argentina and the country’s economy.

For the present, as well as for the near future,
although many aspects should be considered, three
main issues appear to require special attention. The
first and more urgent need is public adaptation to
heat waves and extreme precipitation events and their
associated floods and destructive winds. Reducing
damages and casualties from such events requires
enhancing early warning systems, both in equipment
and personnel. Improving contingency planning is also
called for, as well as modifying building designs of
new infrastructure when needed. It is also necessary to
raise the public awareness and understanding of these
impacts of such events, as well as the manner to avoid
their impending damages.

Given that agriculture is one of Argentina’s core
economic activities and it appears quite vulnerable
to climate change impacts, the second need is for
expanded research, information provision and assis-
tance to stakeholders in the sector are crucially needed.
This should start with already observed changes and
current climate variability for which several risk man-
agement options are already available. The oases at
the foot of the Andes, whose practically only source
of surface and groundwater is the declining precipita-
tion over the Andean mountains, are at risk of being
limited in their future development. Several suggested
actions to delay the water crises by several decades
have been proposed, which comprise the third prior-
ity action that we identify. They include improving
efficiencies in farm irrigation systems and in water
distribution channels, dam constructions in the upper
river basins to augment water storage capacity, and the
capture of water from the summer storms in cisterns,
dams, and small reservoirs. However, any adaptive
measures should be based on a complete assessment
of the hydrological cycle and its variations. An inte-
grated approach to adaptation, shared and produced
by all stakeholders involved, is called for.
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