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[1] The ‘‘observation minus reanalysis’’ (OMR) method has been used to estimate the
impact of changes in land use (including urbanization and agricultural practices such as
irrigation) by computing the difference between the trends of the surface observations
(which reflect all the sources of climate forcing, including surface effects) and the NCEP/
NCAR reanalysis (which only contains the forcings influencing the assimilated
atmospheric trends). In this paper we apply the OMR method to surface stations in
Argentina for the period 1961–2000. In contrast to most other land areas, over most of
Argentina there has been net cooling, not warming (about �0.04�C/decade). Observations
also show a very strong decrease in the diurnal temperature range north of 40�S. This is
associated with an observed strong reduction in the maximum temperature (�0.12�C/
decade) together with a weak warming trend in the minimum temperature (0.05�C/
decade). The OMR trends show a warming contribution to the mean temperature
(+0.07�C/decade) and a decrease in diurnal temperature range (�0.08�C/decade),
especially strong in the areas where the observed precipitation has increased the most and
where, as a consequence, there has been an exponential increase of soy production in the
last decade. The increase in precipitation is apparently associated with an increase in the
moisture transport from the Amazons to northern Argentina by the low-level jet.
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1. Introduction

[2] Trends on the timescale of decades are due to either
natural climate variability or to anthropogenic factors, and
their attribution is quite difficult [e.g., Intergovernmental
Panel on Climate Change, 2001]. Long-term trends can be
masked by decadal changes in circulation. Furthermore, two
of the most important anthropogenic actions that impact
surface temperatures are the increase of greenhouse gases,
and changes in land surface physical properties due to land
use changes such as urbanization, agricultural practices,
deforestation, etc., and their impacts are also very difficult
to separate. It has been a hard task to detect a clear climate
signal attributable to land cover change, except for a distinct
warming in mega cities, likely due to urbanization.
[3] Temperature analyses show that in the last decades,

the extratropical regions in the Southern Hemisphere, and in
particular southern South America, have undergone much
less warming than the Northern Hemisphere (Figure 1a).

[4] Figures 1b–1d show the decadal trends over 20 years,
from 1961 to 1980, 1971 to 1990 and 1981 to 2000
respectively. The strongest cooling occurred between the
first two decades (Figure 1b), and in the last two decades the
trend is rather neutral. As discussed in section 2 we do not
include in this study the trends across 1971–1990 (Figure 1c)
because of the large changes that occurred in the observing
systems with the introduction of satellite data.
[5] It is not clear what causes this lack of apparent

warming in this region, whether it is natural variability in
the climate, including changes in oceanic circulation or in
precipitation [Karoly and Braganza, 2005], or changes
in the land surface properties. Local surface forcing of
climate change is hard to detect but recent studies suggest
that the impact of widespread land use changes should not
be ignored [e.g., Pielke et al., 2002; Kalnay and Cai, 2003;
Marshall et al., 2004]. Other studies [Lim et al., 2005,
2008] indicate that the response to global warming may be
strengthened or weakened by the type of vegetation cover,
with surface warming stronger than expected from green-
house gases warming in barren or urban areas, and weaker
warming in broad-leaf forests.
[6] In this paper we attempt to estimate the impact of land

surface changes on climate change in Argentina. We com-
pare trends observed at surface stations with surface temper-
atures derived from the NCEP/NCAR reanalysis [Kalnay et
al., 1996]. Kalnay and Cai [2003] (hereinafter referred to as
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KC) proposed to estimate the impact of all changes in land
use (including urbanization and agricultural practices such
as irrigation) as well as land surface changes due to
precipitation, aerosols, etc., by comparing trends from
surface observations and from the NCEP/NCAR reanalysis
(NNR). The essence of the method proposed by KC to at
least partially identify the impact of land use and other
surface effects is to compute the difference between the
trends of the surface observations (which reflect all the
sources of climate forcing, including surface effects) and
the NNR (which only contains the forcings influencing the
assimilated atmospheric trends). KC suggested this ap-
proach, taking advantage of the fact that the NNR does
not use surface observations, so that it is insensitive to land
surface properties or their changes, but because it assimilates
atmospheric temperatures, it is sensitive to atmospheric
climate changes. The difference of observation minus
reanalysis (OMR) surface temperature trends should be at
least partly attributable to the characteristics and changes in
land surface properties, including urbanization and agricul-
tural practices, aerosols, and changes in precipitation which
may be due to natural variability. An advantage of the OMR
method is that climate changes associated with changes in
atmospheric circulation with decadal timescales are essen-
tially filtered out from the trend because they are present in
both the observations and the reanalysis. This method has
been applied by Zhou et al. [2004] to estimate urbanization
impacts over southern China. Kalnay et al. [2006] showed
that the OMR results are regional in nature, both positive
and negative, and agree well with the ‘‘urbanization’’ trends
obtained by Hansen et al. [2001] over the United States
using satellite nightlights. Lim et al. [2005] showed that the
OMR trends are strongly dependent on the type of land
cover, as estimated by MODIS, and that the results obtained

Figure 2. Comparison of the monthly averaged temperature anomalies for the NNR (black) and stations
(gray), shifted so that they have the same average during the 1980s, for Villa Ortúzar in the city of
Buenos Aires. The observation minus reanalysis (OMR) on the right is the decadal average (valid
nominally at the center of the decade), so that the OMR trend between the 1980s and the 1990s is
0.52�C/decade.

Figure 3. Correlation between the surface temperatures
anomalies with respect to the 40-year annual cycle for
stations and for the NNR. The correlation for each of the
4 decades is averaged in order to avoid the jump between
the 1970s and the 1980s due to addition of satellite data.
The value 0.83 represents the average correlation.
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