





Figure 2: Observed decadal mean temperatures during the 20th
century (solid thick line) for homogeneous region 1(top panel), 2
(middle panel) and 3 (bottom panel). Combined and calibrated
decadal mean temperature projection for the 21st century with
multiple linear regression (dashed thick line). The red hashed
band is the 21st century projection 90% confidence interval

for multiple linear regression. The blue hashed band is the 21st
century projection 90% confidence interval for fuzzy regression.
The green band is the 21st century projection 40% confidence
interval for fuzzy regression.
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The primary objective of the interdisciplinary research team
of WP8 is to reveal deep and comprehensive insights into the
complex set of impacts and interdependencies of climate
change and anthropogenic adaptation measures for land use,
agriculture and deforestation. This has been accomplished by
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different case studies in Argentina, Brazil and Uruguay, which
are taking political, social & organizational, environmental
and economic aspects into account.

The identification of main land use sectors and changes

in agricultural land use in Brazilian LPB are fundamental

to recognize which areas of this part of the basin are more
vulnerable to climate adversities. Since this region comprises
45% of the total basin area, which is dominated by cattle
grazing and exporting monocultures, this characterization
might be helpful in guiding the design of adaptation
strategies to climate change. The data of areas used for
temporary and permanent crops, forests and pastures and
the area used for crops with major economical importance
(coffee, maize, soybean, sugarcane, and wheat), as well as the
most important sectors of animal production in the region
were surveyed at the Brazilian Institute of Geography and
Statistics platform for the period 1996 to 2008. Changes in
land use/land cover were observed especially in relation to
temporary crops and animal production that have increased
in all Brazilian states within LPB. Economic drivers might
have determined the verified dynamics of agricultural land
use, which can be significantly altered by future climate
change, influencing the geography of agricultural production
in this region of the LPB.

Since 2009 studies were carried out in two sites (Anchieta
and Guaraciaba) of the West part of Santa Catarina State,
Brazil, focusing on the social perception about climate
change, and the characterization of local agricultural
production systems and adoption of decision support

systems to face different management and climate scenarios.

The employed methods to investigate these aspects were
semi-structured interviews, surveys and field experiments.
The region around these two sites is characterized by small
family owned farms with a high level of diversification, and
itis also known as a center of landraces of cultivated plants
or traditional varieties. In cultural terms, the landraces are
part of the local traditions, and some varieties are being



cultivated by the same family for generations as a heritage;
in environmental aspects, the landraces are more adapted
to local conditions, require less inputs like fertilizers, are
less affected by pests and diseases, sometimes resistant to
drought, and usually perform well in intercropping systems;
in economical terms, the seeds of traditional varieties are
much less expensive than the industrial varieties, and in
many cases they are obtained through an exchange system
among the farmers. Farmers also reported that although
yields are lower compared with hybrid varieties, the yields
of landraces are more stable throughout the years, and the
risk of agricultural losses due the threat of extreme climatic
events is also reduced.

Furthermore, breeding programs were established by
Universities and Research Institutions to improve the
adaptation capacity of landraces to specific environments,
different sowing dates and other purposes, like grain color

or shape and taste among other characteristics. As part of
the CLARIS LPB Project efforts, experiments were set up

in Guaraciaba with two improved landraces of maize, one
commercial open-pollinated and one hybrid. These maize
varieties were characterized to be included in agricultural
decision support systems (DSSAT), enabling decision

makers (farmers, technicians) to evaluate these varieties in
different environments (different soils, sites) under different
management conditions, like different amounts of fertilizer,
sowing date, soil management. Using this tool, farmers can
decide which variety, sowing date and agronomic management
is more efficient or more resilient for each situation. The same
tool will be employed to simulate the influence of different
climatic scenarios on agricultural systems. As was observed in
the field experiments and similarly demonstrated by DSSAT,
in current conditions the tested landraces obtained higher or
similar yields when compared with commercial varieties in
early sowing dates, although commercial varieties perform
better in late sowing dates.

In one (Anchieta) of these two sites in the west part of Santa
Catarina State, and in one site (Nao-Me-Toque) in Rio Grande
do Sul State, studies to evaluate the perceptions of climate
change of farmers were also carried out. The aim of these
studies was to investigate the influence of the context on the
perception of climate change and how this might influence

the design of adaptation strategies. In Anchieta, agricultural
production has suffered severe pressure from adverse weather,
specially the occurrence of droughts. The farmers’ perceptions
that climate has changed in recent years are probably
associated with intensification of these droughts. Therefore,
the local plant breeding program can be understood as part of
an adaptation strategy to guarantee agricultural production

in the region. In Rio Grande do Sul State the perception study
was carried out in Nao-Me-Toque with rural stakeholders
associated to Cotrijal, a major and large Cooperative. The
results show that also in this site the perception of climate
change is strongly influenced by the context, determined most
by the institutional arrangements provided by the Cooperative,
and by the features of local agricultural production, mainly
oriented to the production of commaodities.

In Argentina, the interdisciplinary team integrated by
researchers of INTA, IRD and UBA has conducted studies
aiming at identifying stakeholders’ perceptions of climate
change and to investigate differences in management and
production orientation of the farms present in three districts
(Junin and Balcarce, in the Buenos Aires province, and San
Justo in the Santa Fe province) within the Argentinean LPB. The
overarching hypothesis is that different farm types will have
varying capacities, or flexibilities, to adapt to climate change.

Heavily dependent on agriculture, Argentinean stakeholders
must be ready to adapt to a different climate. A cognitive
model of adaptation is used to analyze the perceptions of
climate change of a cross section of stakeholders of the
County of Balcarce, Argentina, and to assess their adaptive
capacity. Most stakeholders note a warming process, more
frequent droughts and a higher variability of water available
for crops (i.e., more frequent droughts combined with more
torrential rains). Local producers identify drought as the
most threatening event. In order to adapt to such changes,
stakeholders identify a series of adaptations appropriate

to their productive systems. Stakeholders, across all
backgrounds, suggest genetic-related adaptation strategies.
This adaptation strategy includes using native species,
developing genotypes with tolerance to specific events, and
improving the match of genotypes with environments. Also,
several stakeholders propose sustainable farming practices,
and the implementation of land use planning to make
agriculture more environmentally friendly.

Farms present in each of the study sites feature slight
differences in size. The average farm size at Balcarce is 630
ha, while the average farm size at Junin and San Justo is

177 ha and 187 ha, respectively. Some common trends are
identified at each of the districts. Results show an association
between farm size, tenancy form, and production profile.
Smaller plots are more frequently sown with annual crops
by neighbors or local tenants, and in general do not carry
cattle raising activities. Medium and large-size farms tend to
produce crops and beef and to be operated by their owners.
Large nation-wide sowing pools do not usually rent land in
significant amounts in any of the study sites.

Also, at the three study sites a clear trend was verified to the
increase in the area sown with annual crops, a decrease in the
area used for livestock raising activities and an increase in
the number of feed-lots facilities. These trends appear to be
caused mainly by the relative economic yield of crops and of
beef production activities. However, the increase in the area
of annual crops, and especially of soybeans, is also supported
by the good weather conditions experienced by the Pampas,
in recent decades. Finally, domestic beef prices have
exhibited an increasing trend during the last two years, which
is contributing to slowing down the increase in the area sown
with crops and helping to increase the national beef stock.

In one of these three CLARIS LPB pilot sites in Argentina

(Junin, Buenos Aires), specific interviews with farmers
identified drought as the major climate event affecting
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agriculture, as already mentioned. Focusing on this aspect,
a decision-tree model based on a hydrological balance was
developed. Basically, the model computes the risk of having
very low yields, low yields or regular yields, and was found to
predict quite well observed bad yields in years with droughts.
The next step was to use this decision-tree to study the
possible impacts of climate change scenarios on yields.

It was found that the only way to compensate increasing
temperatures is significantly increasing precipitation with
respect to present climate (which seems to be improbable).
Comparisons of simulated yields under regional climate
change scenarios produced by CLARIS LPB are being
investigated. Finally, all these results are presented to
farmers in order to initiate a common reflection on possible
adaptation strategies to future climates.

Fire is a major disturbance affecting worldwide ecosystems,
and more particularly the tropics where drought and high
temperature co-occur on highly flammable shrubs and
grasslands. The LPB covers a wide range of “anthromes”, a
diversity of biomes (Pantanal, Atlantic Rainforest, Cerrado,
Chaco and Pampas) transformed by a multiplicity of land
uses, from urban areas and forest plantations to crop and
livestock activities. The main objective is to investigate and
disentangle the complex chain of biotic and abiotic factors
that can lead to the different fire regimes in the anthromes of
LPB and its potential risks under climate and socio economic
changes in the future. The investigations being conducted are
focused on analyzing recent fire history from remote sensing
fire products, land use/land cover datasets, climate time
series and social information.

The analysis of fire regime in LPB illustrate the high variability
in both fire occurrence and fire seasonality, due to different
climate conditions and related drought period, but also
different fire practices and human pressure in the region.
Fire is often said to be deeply rooted in the culture, society
and traditions of most countries of South America. However
our analysis pictured the fire embedded in agro-industrial
landscapes and processes, responding to modern drivers
rather than traditional uses. Multiple scale embedded
factors appear to drive fire regimes across the LPB, from
international commodity prices to national policies or

regional historical settings, such as struggles for land in
Paraguay or colonization processes in Bolivia.

There are embedded policies and political discourses at
different scales, in different regions inside the LPB, triggering
fire uses, shaping fire patterns and trying to curb the “access”
to fire. Studying the case of the three Brazilian states in LPB
with most fire occurrence we found a very heterogeneous
picture. In Mato Grosso do Sul, historical grounds of ranching,
as well as political power of cattle ranchers, are likely to shape
the vision of fire as a natural disturbance, in order to maintain
a practice central to low cost extensive grazing. In S&o Paulo,
heavy use of fire for pre-harvest burning of sugarcane has led
to environmental laws to progressively phase out the burning
by 2031. Unsatisfied by this distant deadline, municipalities
have ceased the sugarcane sector and the state to diminish
the deadline against what is pictured as a harmful practice,

to health, nature and future generations. Firms prepared for
mechanized harvests are pressuring the sector for reducing
the terms, thereby demonstrating their sustainable visions

of bio-ethanol markets, and eventually putting stress on the
less adaptable concurrent producers. In Minas Gerais, were
plantations of Pinus and Eucalyptus have been reshaping

the landscape for over three decades, forest engineers have
been charged with fire management, as elsewhere, their
identity is sustained by their success in keeping trees alive.
Therefore they tend to drive fire policies towards protection
of Conservation Units were it is to be excluded. They double
their success by training of firefighters and investment in
equipment as well as burning permits to control the uses, a
brilliant demonstration of their devotion to fire fighting.

Such diversified views on fire in just three neighboring regions
inside LPB are likely to shape fire regimes in different ways

in the forthcoming years, though the exact consequences
remain poorly predictable. This intertwining of drivers that can
be common across the basin with more local settings make
more difficult the construction of a simple and/or general
model to assess present and future fire risks on the basis of
climate, land use, and ignitions. Simply because most human
decisions related to ignition involve non-necessary and non-
sufficient causal relations that are poorly captured by causal
loops, which alternatively can describe efficiently physical
relations such as combustion or evaporation. This mean that
this study is a first step to understand the present fire use
systems, and maybe to understand their link to climate drivers
and other issues as changes in livestock or crop cultivation
strategies and it can provide an image of fire patterns but
perform poor for future projections, that is no more probable
than any other alternative that could be imagined.

In Uruguay, the major climatic vulnerability of the cattle
pasture production is associated with droughts. The more
frequent and intense dry periods due to increased climate
variability combined with the intensification of the production
and the shift to more shallow soils due to the agriculture
expansion has rendered the pasture system more vulnerable.
This vulnerability is clearly manifested during severe
droughts with large economic loss and social disruptions (job



losses in all the production chain, indebtedness, bankruptcy
and dislocation of producers, especially small ones),
particularly in the dairy and cattle growers sectors.

For the whole agricultural sector, the Ministry of Agriculture
estimated an economic loss of 450 million dollars due the
drought during austral spring 2008 and summer 2009. The Rural
Association of Uruguay doubled the estimate when considering
the weight loss in the national cattle stock, and also reported a
total of 12,800 jobs lost due to the impact of the drought.

Given this context, what is most commonly asked of climate
change scenarios is the impact on climate risks associated
with dry periods. In other words, it is expected that the
scenarios would give an estimate of the frequency and
intensity of droughts, especially multi-annual droughts
which have historically generated the most devastating
impacts. There are several ideas taking hold in the public
sector to better prepare for the next drought. Currently,
these strategies are being framed under the conceptual
understanding that it is a manifestation of climate change.
Large irrigation systems, drought emergency funds,
insurance and other financial mechanisms are being explored
by the public sector. One key and common element to

all of these tools is a sound evaluation of the climate risk
associated with droughts.

Apart from specific and problem-oriented cases, more
general conceptual approaches are necessary to
understand structure and design adaptation strategies

to climate change. Therefore, a conceptual framework for
the design of adaptation strategies to climate change is
under development. The framework is based on a learning
approach, and assumes that adaptation results from the
reduction of the vulnerability of the system of interest. The
framework has been built upon a range of assumptions and
activities, as the delimitation of the problem situation and the
feasible changes to be achieved, the identification of a set of
traceable and easily available indicators, etc. In addition, the
framework assumes that the engagement of stakeholders

is essential during the process of designing adaptation
measures as well as when evaluating the effectiveness of
their implementation in the considered system.

In complex “wicked situations”, influenced by human-induced
global warming and climate change, multiple causal factors
are involved in determining the dynamics of land use change.
Therefore, all the research teams of WP8 adopted the DPSIR
framework to structure the research process, to create a
common understanding of the research topics, as well as

to facilitate communication and exchange of ideas. The
adoption of this framework allowed the identification of some
important factors affecting the vulnerability to climate change
of the most important agricultural land use systems of LPB.
This also allowed the understanding of how certain elements
of the current situation being addressed are linked, and to
which extent they might contribute in the design of adaptation
strategies to climate change in agricultural land use for LPB.
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Introduction

The WP9, Water resources in La Plata Basin (LPB) in the
context of climate change, is part integrant of the Subproject
4, Socio-economic scenarios and adaptation/prevention
strategies, that share with WP8, Land use change, agriculture
and socio-economic implications, the technical, social and
environmental responsibility to create tools to allow evaluate
the impact of climate change scenarios at LPB.

In a more comprehensive approach, WP9 addresses issues of
crucial importance for the region such as the flood risks, the
river navigation (problems induced by sediment transport),
the hydropower production and the ecological systems

in wetlands. The economic implications and adaptation
strategies will be suggested. Collaborations with stakeholders
such as CIC (Comité Intergubernamental Coordinador de

los Paises de la Cuenca del Plata), hydropower dams (South
Brazil), and national water resources ministries will ensure
the dissemination of the results to local and regional actors.
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Objectives

The primary objective of WP9 is to assess the impacts of
Climate Change on the more sensitive aspects of the water
resources of La Plata Basin to climate variations and to

help to build the corresponding adaptation strategies. The
horizon time will be 2010/2040 for adaptation strategies
and 2070/2100 for assessment of long-range impacts. The
WP9 component will focus on important climate change
issues that are not currently addressed by other international
projects on the Plata Basin. Specific objectives

m To compute an ensemble of hydrological scenarios based
on the HBV (SMHI) and VIC (CIMA) models forced by
various 20th and 21st century large-scale and regional
scale climate simulations provided by WP7 and based on
models used in WP4 and WP5.

m To design statistical prediction schemes and hydrological
scenarios forced by GHG increase and land use changes
based on the knowledge of decadal variability of
streamflow records in the region

m To suggest guidelines for the management of the Ibera
wetlands ecosystems to stakeholders in order to preserve a
region highly vulnerable to changes in the hydrological cycle.

m To recommend adaptation strategies (infrastructure) to
face possible changes in the intensity and frequency of
small regional floods of major impacts on society in the
coming decades (2010-2040).

m To assess climate change effects on navigation and in
the Parana Delta front urbanization and recommend
adaptation strategies

m Torecommend operation strategy of the dams in the
Brazilian South/South-East subsystem of LPB based on a
set of future climate scenarios.

m To identify eventual vulnerabilities of the hydropower
sector under climate change scenarios and quantify the
possible need for other sources of energy

Main Results

Application of distributed models for La Plata Basin

Two hydrological distributed models were adjusted to the
Plata basin, The Hype and the VIC models. The HYPE-model
was set up for the LPB with an average sub-basin size of
approximately 500 km?. Simulation results show that the
model generally captures the hydro-climatic features in

the LPB. In the Uruguay River basin, which has the highest
density of temperature and precipitation stations in the
basin, the model captures the dynamics of the streamflow
well. However, the simulated streamflow signal is too
attenuated compared to the observations (Figure 1). This may
be an effect of the reservoirs simulated in HYPE which may
excessively smooth the streamflow signal. At Jupia station

at the Parana River, the model simulates the seasonal cycle
well, but not the interannual simulation of the summer peak.
At Corrientes, downstream of the confluence of the Parana
and Paraguay rivers, the model results are worse. Streamflow
is overestimated some years and underestimated others and
the seasonal cycle simulation is also rather poor. The model
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Figure 1: Simulated and observed streamflow, and monthly averages
at the Paso the los Libres station at the Uruguay River.
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has difficulties in capturing the streamflow dynamics of the
Paraguay River, partly as a result of not capturing the effects
of the large wetlands in this part of the basin. It may also be
an effect of less accurate precipitation data in this part of the
basin (the meteorological station network is rather sparse).

The VIC model is capable of reproducing the main
hydrological features across LPB. The calibrations obtained
at both the Parana and the Uruguay Rivers are very good. The
model results overestimate the summer streamflow by about
20-25%, but the autumn-winter-spring streamflow is very
well represented by the model. In the case of the Uruguay
River at Paso de los Libres, the VIC model is very accurate at
representing the month-to-month variability. The hydrograph
obtained with VIC is very similar to that derived from the
observations, at both Paso de los Libres and Concordia.

The Paraguay River flow at the outlet of the big wetland of
the Pantanal (Ladario), as in the case of the HYPE model, is
not well represented by the VIC model. The amplitude of the
streamflow wave is exaggerated with huge overestimations
in autumn and slight underestimations during the dry season
(from September to December).

Results obtained with VIC and HYPE models suggest that
these models are good tools to simulate the water cycle of
LPB, particularly in the Uruguay and Parana rivers, but in the
case of the Paraguay River their simulations are less accurate.
Work is continuing to adjust these models for this River.

Analysis of available historical streamflow records and
model-based hydrological reconstruction of the past and
future climate scenarios

The objective is to analyze available historical streamflow
records and model-based hydrological reconstructions of
the past climate (comparing it to the observed records) and
future climate scenarios with appropriate statistical tools
(singular spectrum analysis — SSA). Based on this analysis,
the final result will be the evaluation of models performance
and of the influence of decadal variability on near-future
scenarios. SSA allows the decomposition the original series



in three kinds of additive components: oscillatory patterns
(modulated in amplitude and phase), trends (not necessarily
linear), and noise.

SSA was extensively applied to observed monthly streamflow
series of Uruguay (Salto Grande), Negro (Rincén de Bonete)
and Parana (Posadas) rivers in LPB, both in annual and
seasonal timescales. SSA was also used to analyse other
global climate series (e.g. Nifio 3.4 and Pacific Decadal
Oscillation (PDQO)) in order to determine signals with quasi-
periods also present in LPB streamflows. Apart from SSA,
other methods, like Maximum Entropy Method and Multi-
Taper Method were applied to the time series.

The main results related to annual series indicates that
Streamflow variability in LPB presents a strong link

with ENSO, with pseudo-periods between 3 and 6 years
approximately. In particular, there is a pervasive signal of

3.5 years both for annual and seasonal time series of the
three rivers. Additionally, no quasi-periods above 10 years
are obtained either for annual or seasonal time series, the
exception being the time series of PDO, which exhibits a
weak quasi-period of 23 years. For Uruguay and Parana an
increasing trend is evident beginning in the 60°s, with a weak
decreasing tendency in the last few years of the record, while
for Negro river there is a clear increase during the whole
period, but it is less robust.

Assessment of the evolution of the Ibera wetland ecosystem
The main objective is to understand how Ibera wetlands will
evolve with climate change by identifying the structural and
functional components of Ibera Ecosystem most vulnerable
(vegetation communities, vertebrate species, and other
functional assemblies) and their tolerance/adaptation
capacity to expected climate and ecosystem changes though
scenario analyses. It will be used current approaches in animal
species and vegetation geographic distribution modeling,
combined with climate change and land cover/land use change
scenarios to evaluate main trends and impacts on biodiversity
distribution. These results will be used to assess current
protected area conservation effectiveness, to propose areas
and species with further conservation needs, and to suggest
good land use practices to further reduce biodiversity threats.
During this period, it was aimed to collate and preprocess
spatially explicit environmental datasets and built a database
of vertebrate species records from publish sources.

A GIS environmental database was built from different
sources, subset to Corrientes province extent. An Elevation
database at 400m cells was processed from a 90m SRTM
digital elevation model by CIMA. So far, it was compiled
distribution occurrences for a total of 420 nominal vertebrate
species known for Esteros del Ibera (125 fish, 40 amphibian,
53 reptile, 135 bird, and 67 mammal species). Data sources
include bibliographic references, on-line museum collection
records and field data collected by the Project. Distribution
information extends beyond the Ibera region in order to
reduce bias, over fitting and have enough data for model
calibration and validation.

Improve the understanding and modelling of local or
small regional floods

The inventory of floods in the Argentine part of the Plata
basin was carried out. 140 floods were identified within the
period 1995 to 2008. Most of the floods persist for a few days,
less than a week, but a 10% persists from 30 to 150 days. The
first group are clearly associated to certain synoptic systems,
while the second may result from persistent climatologic
conditions. While short term floods may extend over a wide
range of spatial dimensions (2 to 500 Km), most of the
persistent floods have scales that are over 80 Km.
Additionally, a mode was identified that consists of a trough
with axis west of Chile and strong upper wind flow with
cyclonic vorticity advection over the east of the subtropical
South America. This mode shows a spectrum with two
significant peaks at 40 and 70 days that indicates long
periods with high positive rainfall anomaly over that part

of the continent. Therefore, following these results and the
characterization of floods in the Lower Parana basin, a case
study was started. During late summer/-early autumn of
2007 there was a period of 3 months with heavy rainfalls with
centre in the provinces of Santa Fe and Entre Rios that also
impact part of Uruguay.

The soil moisture group of models CLASS U3M-1D was
configured to simulate soil moisture conditions at Diamante
Station in the province of Entre Rios. Soil layers and soil
materials were obtained from Diamante soil map elaborated
by INTA. Correlations between observations and modelled
results indicate that the Brooks Corey model adequately
represents soil moisture at surface and 20cm levels, with

a better adjustment near surface. Correlations for the van
Genuchten model are somewhat smaller near surface but
indicate that this model probably is more representative of
soil moisture behaviour at deeper levels.

Changes in the return periods of surpassing flow thresholds
before and after 1976 were so important that certain
important flows related to floods have a return period of an
order of magnitude lower.

Description and simulation of the river-channel
morphology of the lower Parana

The main goal is the climate change impact assessment on
Lower Parana water way for oceanic boat navigation, on Buenos
Aires urbanization beside the delta front, and on manmade
structure near river banks. Climate change will impact those
resources by affecting river hydro and morphodynamics.
Therefore the first objective is to represent the main fluvial
processes driven by climate change at different scale.
Numerical models and underwater acoustic survey have been
employed in order to achieve this objective. So far the work has
been mainly focused on gathering Parana morphological data,
throughout scientific references, navigation stakeholders and
on field surveys. Several numerical model implementations and
calibrations are also being developed.

Concerning fluvial processes simulations, the expected final
result is the prediction of future river morphology affecting

CLIVAR Exchanges No. 57, Vol. 16, No.3, October 2011 | 33



economic resources such as navigation way or availability for
urbanization areas. Therefore it will be possible to suggest
adaptation strategies in order to minimize the negative socio
economic impacts.

Regarding navigation routes it was studied the first survey
(June-August 2009) was on the 20 km long Parana river
reach near Rosario conducted in cooperation with the Centro
de Estudio de Grande Rio of Universita del Litoral, Santa Fe,
(CIEGRI-UNL). As a result the bathymetry was obtained on
a 20 km long reach near Rosario (Figure 2) that is the most
important reach for inner navigation because of its many
ports for oceanic boats, and also including 2 low depth

area (Paso Borghi and Paso Bella Vista) that are critical for
boat passage, and 2 bifurcation and 1 junction that are key
features for long term morphodynamics. The 2D-H model,
MIKE 21C of the Danish Hydraulic Institute, was applied to
this area with the aim to simulate future development of
banks, bifurcation and junction and therefore river channel
divagation that strongly has been affecting navigation route
in the last centuries.

The HEC-RAS 4.0, 1D model, with the final objective to
predict very long term (100 year) river morphodynamics, was
implemented. Finally a 2D hydrodynamic model of the area
involving Paso Borghi and Paso Bella Vista was implemented.
The goal of this model is the assessment of the angle of
incidence of the current lines from the axis of the navigation
channel in each of the reaches of interest. The bathymetry
comes from a 2009 survey, and water levels from Prefecture
Naval daily measurements. With the calibrated and validated
model, the streamlines representing stream tubes of equal
flux were calculated for each critical zone. The streamlines
that enclose each critical zone are needed to define the
geometry of the 2D-V model (discharge, width, velocity and
angle between the flux direction and the navigation route).

Evaluation of the impact of climate change on energy
production

The objective of this research project is to investigate how
global climate changes will modify the guaranteed output of
a system of interconnected hydropower plants. In particular
it is proposed to analyze the performance of the hydropower
plants system within the La Plata basin under a set of future
climate scenarios. A Rainfall-Runoff Model based upon
Artificial Neural Networks was developed.

Although there is other ANN methods in the literature, the
ANN employed in this study uses the “Feed Forward Back
Propagation” method. In this method, the connection of
several neurons is distributed with layers. Within the ANN,
the data flows in a single direction, feedforward, i.e., the input
data are propagated through the ANN, layer by layer, in the
forward direction.

The problem of training an ANN to solve a rainfall-runoff type
problem is to fit a suitable function to a data sample. The rainfall-
runoff process is non-linear, and the functional form for the fit is
unknown. In this case, applying an ANN requires not only fitting
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the best weights and biases to the sample of data observed, but
also to investigate, by varying the ANN architecture, which is the
best functional form for the observed data.

In order to investigate the best functional form, 24 ANNs

were created with variations in the number of inputs and the
number of neurons in the middle layers. The output is always
runoff. Each combination of inputs was called a model. Table 2
shows the input and output for each of these models. For each
model 3, 5, 8 and 10 neurons were used in the middle layer,
making up the total of 24 ANNs combinations. Varying both
the number of neurons in the middle layer and the number of
inputs, allows the evaluation of ANN sensitivity in terms of its
architecture. During the training of the 24 ANNSs, the following
parameters were considered: length of data series, number of
iterations called epochs and initialization of weights.

All the ANNs were trained with three different sets of data.
From the 221 months available, sets of 60, 120 and 180
items were used for training, and 161, 101 and 41 items for
validation, respectively. The combination, during the training,
of the ANN architecture, the input sets, the number of
initializations and the number of iterations generated a total
of 1296 results for analysis. In order to evaluate the influence
of all elements proposed in the ANN training, an algorithm
was created in MATLAB software, that manipulates the data,
trains, simulates, computes the statistics of the results and
stores all responses in an output file. The statistics used at
this time were the correlation coefficient and the percentage
difference of the volumes.

Finally, with the rainfall- runoff model implemented the
methodology to evaluate the impact of climate change on
energy production will be explored based upon the Natural
Energy method.
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Figure 2: Case study reach near
Rosario city



Assessment of the potential evolution of the
hydroelectric production of the La Plata Basin

The specific objective is to identify eventual vulnerabilities of
the hydropower sector under climate change scenarios and
quantify the possible need for other sources of Energy. A GIS
data base of the LPB has been elaborated, in which the river
system, hydrological stations, hydropower reservoirs, etc.
are represented. In addition, a homogenous Digital Elevation
Model (DTM) of the full basin has been created. Finally, the
VAPIDRO-ASTE numerical tool has been applied to evaluate
the Maximum Potential Hydropower in several sub-basins of
LPB. The final result will be the assessment of the potential
evolution of the hydroelectric production of the LPB under an
ensemble of climate change scenarios.

The data analyses conducted addresses the historical data
base of hydrological data, such as rainfall and discharges,
and the past hydropower production, population, economics
production and energy demand in the LPB region. In

particular we assessed the Maximum Potential Hydropower
in the La Plata Basin, considering the present climate, using
the VAPIDRO-ASTE numerical tool.

Final Comments

During the coming final year of CLARIS LPB, WP9 will focus
its efforts in finalizing the analysis of the impacts of climate
change on the topics described in this article. The results
will help to build the corresponding strategies to mitigate
potential impacts on the watershed.
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1. Introduction

La Plata Basin (LPB) and the Argentinean Pampas are two

of the most important agricultural regions in the world. In
the last decades the areas devoted to agriculture over these
regions have been extended at the expense of deforestation
and replacement of natural pastures. Land use/land cover
changes (hereafter LULCC) may modify the exchanges

of energy and moisture between the land surface and the
atmosphere due to the control that land surface exerts on
the partitioning of available energy at the surface between
sensible and latent heat fluxes and the available water
between evaporation and runoff. Besides that, the surface
heterogeneity not only determines the microclimate but also
affects mesoscale atmospheric circulations (Hartmann, 1994;
Weaver and Avissar, 2001; Yang, 2004; Sertel et al., 2010).

Over the LPB and Argentinean Pampas, there are some
recent studies that suggest that the net warming and the
strong reduction in diurnal temperature range could be
associated with surface effects (Nufiez et al., 2008). Ferreira
et al. 2006; Lee and Berbery 2009 and Blatter et al. 2010
showed evidence that the mechanisms associated with

land use changes have an important impact on the local
climate, particularly for temperature and precipitation and
also for regional circulation patterns. Beltran-Przekurat et al.
(2011) analyzed the impacts of LULCC over the LPB region
and found that the shift from grass to agriculture led to
cooler and wetter near-surface atmospheric conditions and
warmer conditions resulted from the conversion of wooded
grasslands or forest to agriculture.

Most of previous studies are based on the traditional
experimental setup for this kind of sensitivity experiments
that consist of a single model realization representing the
control climate and a single model realization representing
the regional response to a given forcing, which is forced
through the boundary conditions (at the lateral boundaries
or at surface). The difference between the two simulations

is then evaluated as the response to the given forcing.
Nevertheless, in recent years, several studies have shown
that regional climate simulations are affected by several
sources of uncertainties, among these internal variability (de
Elia et al. 2008; Solman and Pessacg 2011), consequently
those differences should be taken into account before
drawing conclusions about the significance of the regional
climate responses to the external forcings (O'Brien et al.
2008). Taking into account these previous results and with
the goal of understanding how the LULCC may affect the
regional climate over southern South America, ensembles
of sensitivity experiments for an idealized land use scenario
using the Fifth-generation Pennsylvania-State University-
NCAR nonhydrostatic Mesoscale Model (MM5) (Grell et al.,
1994) were performed with the aim of identifying the physical
signal of the internal variability inherent to the system due to
LULCC. This study is a contribution to one of the objectives
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of the CLARIS-LPB Project concerning assessing and
quantifying the impact of land use change in climate change
on the LPB.

2. Model, experiments and evaluation methods
The MM5 model version 3.7 was used in this study. The
integration domain is from 10° S to 45° S and from 85° to
35° W with 155 points in the west-east direction and 190
points in the south-north direction (Fig.1). It was configured
on a Mercator projection grid with a resolution of roughly
30 km. In the vertical, 23 sigma levels were used with the
model top at 50hPa. The land-sea mask and topography
have been derived from the US Navy 10-min resolution
dataset. Vegetation and soil properties were obtained from
USGS vegetation/land use data base. Surface processes
are represented by the Noah Land Surface Model (Chen
and Dudhia 2001). Initial and boundary conditions for the
regional model and sea surface temperature were provided
by the European Centre for Medium-range Weather and

Forecasting reanalysis data set (ERAinterim) (Simmons et al.

2007) available at 1.5°x1.5° resolution. Boundary conditions
were updated each 6-hours.

Sensitivity experiments using idealized LULCC scenarios
were performed with the MM5 regional climate model for
two different periods, March 1996 to February 1997 and

March 1997 to Februaryl1998. Results for the austral summer,

December-January-February (DJF) are analyzed, allowing
for nine months of model spin-up. The periods selected
were chosen based on El Nifio Southern Oscillation (ENSO)
classification with the goal of capturing, on one hand the
response associated with the local forcing and, on the other
hand, the impacts of the local and the remote forcings
together. Accordingly, DJF 1996-1997 corresponds to a non-

ENSO period and DJF 1997-1998, to an extreme EI Nifio event.

The control (CTRL) simulations were carried out for each
period in which the land use categories from USGS (Fig.1)
were used. The sensitivity experiments were based on an
idealized scenario of land use change in which the natural
land cover was replaced over most of the LPB region and
the Argentinean Pampas (black box in Fig.1) by dry land
crop pasture (CROP experiment). This idealized scenario
was estimated from transformed maps based on satellite
observations corresponding to the years 2008 and 2000,
respectively (http://www.proyungas.org.ar) and also from
land use changes reported in the LechuSA Project (http://
lechusa.unsl.edu.ar). The purpose of this highly idealized
scenario is to evaluate what extent large changes in land use
may impact on the climatic characteristics over the target
region, before attempting more realistic scenarios.
Four-member ensembles were performed for each
experiment by changing the starting date of the simulations,
from March 1t to March 4. This methodology allows
comparing the anomaly generated by the physical forcing
with the internal variability. When the magnitude of the
difference between the CTRL and CROP ensembles for

a particular variable lies within the range of the internal
variability it is difficult to separate the physical signal from
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the intrinsic noise of the system. For these cases, a measure
of the robustness of the differences between ensembles is
quantified by the number of times in which the ensemble
members fulfils a certain threshold. This measure quantifies
the number of times in which the following index is true in
each grid point of the domain:

NEM(X)= ZZ [[(Xmi — Xnj) > Y]]

i=1 j=1

Where X is the variable, in our case precipitation and
temperature, m and n represent two different ensembles, and
i and j represent the members of each ensemble (in this case
we have 4 members for each ensemble). Y is the threshold
that is imposed as the condition for this index, in our case Y=-
0.2°C for temperature and Y=0.5mm/day for precipitation.
Since each ensemble is built with four ensemble members,
NEM can reach a maximum value of 16 considering all
possible pairs of combinations for the difference between
both ensemble members.

3. Results

The replacement of natural cover by crop causes to a cooling
lesser than 1°C for the 2 meter temperature (T2m) over
northern Argentina, Paraguay and part of Bolivia during DJF
1996-1997 (Fig. 2a). For DJF 1997-1998 a similar response is
found, though the cooling is extended over central Argentina
(Fig.2b). For both periods, the magnitude of the cooling lies
within the range of internal variability, which reaches 1°C over
the region (not shown). Consequently, it is difficult to detect
the physical signal from the intrinsic noise of the system.
However the NEM index (Figs.2b.d) showed that all of the
possible ensemble members combinations for the temperature
difference between CROP and CTRL are consistent among
each other, consequently, even though differences should be
carefully interpreted, the change in temperature associated
with LULCC can be considered robust.

The cooling over northern Argentina, Paraguay and part of
Bolivia due to LULCC during the EI Nifio year (DJF 1997-1998)
tends to weaken the ENSO signal which, over this area, is
characterized by a warm anomaly (not shown).

Over the region where the main changes in T2m were
localized, there is a shift from savanna and cropland/
woodland mosaic (in the CTRL ensemble) to dry land crop

(in the CROP ensemble). This shift leads to a decrease of
albedo and an increase of emissivity, which, in turn, leads

to an increase of the latent heat flux and a decrease of the
sensible heat flux (not shown), consequently, decreasing the
Bowen ratio. Both mechanisms can explain the cooling in the
CROP scenario with respect to the CTRL scenario. On one
hand the increase in latent heat flux leads to an increase in
the evaporative cooling and, on the other hand, the change

in the energy partition that leads to a decrease of the Bowen
ratio, indicate that more energy is used in transpiration and
evaporation than in heating the atmosphere near to the
surface. These mechanisms give a physical context to the
change in temperature due to LULCC, that is the magnitude of



these changes are smaller than the internal variability of the
system, though statistically consistent.

This behavior is opposite to results shown by Beltran-
Przekurat et al. (2011), who concluded that the shift from
grass to agriculture over southern South America leads to
cooler conditions and the shift from wooded grassland or
forest to agriculture leads to warmer conditions, only over
particular areas within the region. However the changes
they found were limited to those regions where LULCC were
imposed (center and east of Argentina), and large areas

of forest in Paraguay and Bolivia that have been cleared

due to agriculture expansion not considered in their work.
Conversely, the cooling is consistent with previous results

in other regions of the world; Bonan et al. (1999) showed

a surface annual mean cooling of 0.6°-1°C (larger during
summer) over central and eastern of United States in
response to deforestation and replacement by crop; Hansen
et al. (1998) found an annual cooling of 1°-2° also over United
States, and Oleson etal. (2004) explained also a cooling over
north-central of United States due to land use change.

For precipitation, through the differences between CROP and
CTRL ensembles showed a noisy field (Fig.3), it is possible to
detect during the austral summer for both periods that the shift
from the natural cover to crop over northern Argentina, Paraguay
and part of Bolivia led to wetter conditions due to the increase in
the latent heat flux. The largest values of precipitation increase
reached 1-2mm/day. Nevertheless, these changes are smaller
than the internal variability and the NME index (not shown)
indicates that the most but not all the ensemble members
reproduced this precipitation increase , consequently it is difficult
to explain this change to LULCC impacts without more extensive
analysis that confirm this behaviour.

4. Summary and Conclusions

This study examines the effects of LULCC on climate over two
important agricultural regions in southern South America,
LPB and the Argentinean Pampas. In the last decade

these regions have suffered a replacement of the natural
cover, mainly by the expansion of the agricultural activity,
associated with an increase in the soy production.

Sensitivity experiments were performed with the MM5
regional model, in which the natural cover was replaced by
crop category of land use. The experiments were analyzed

for two particular periods DJF 1996-1997 and DJF 1997-1998,
a non-ENSO year and extreme El Nifio year, respectively.
Experiments showed a decrease of temperature, smaller than
1°C, when crop replaces the natural cover. Though this value
is close to the internal variability the signal is consistent for
every pair of the ensemble members.

This cooling can be explained by a decrease of the net
radiation budget, an increase of the latent heat flux and,
consequently, a change in the partitioning of energy. This
behavior is more intense over north Argentina, Paraguay and
part of Bolivia.

On the other hand, the shift to crop led to a wetting, over
north Argentina, part of Bolivia and Paraguay mainly due to
the increase in latent head flux.
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Figure 2: Differences between CROP and CTRL ensembles for T2m
(°C) for (a)DJF 1996-1997 and (c) DJF 1997-1998, (contour each 0.2°C).
NEM index for T2m for (b) DJF 1996-1997 and (d) DJF 1997-1998.
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Figure 3: Differences between CROP
and CTRL ensembles for precipitation
(mm/day) for (a)DJF 1996-1997 and (b)
DJF 1997-1998. Contour each 1Imm/day.
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On 15-17 December 2010, CERFACS (Centre Européen de
Recherche et de Formation en Calcul Scientifique) and the
Georgia Institute of Technology organized a workshop entitled
“Coupling Technologies for Earth System Modelling: Today
and Tomorrow”. The workshop explored the trade-offs involved
in the different approaches to coupling in use throughout the
climate modeling community and laid out a vision for coupling
Earth System Models (ESMs) in the year 2020.

45 people from different countries around the world attended
the workshop. The first part of the workshop was devoted to
detailed presentations of current coupling technologies: the
Earth System Modeling framework (ESMF), the Community
Earth System Model (CESM), the Model Coupling Toolkit
(MCT), the PALM and OASIS couplers, the Flexible Modeling
System (FMS), the Bespoke Framework Generator (BFG),
OpenMI and the Object Oriented Framework for Coupling
Data Assimilation Algorithms to Models (OOPS). The rest of



the workshop included presentations on coupled modeling
perspectives at different centers, coupling related issues
(e.g. data assimilation and education), future software and
hardware challenges and roundtable discussions.

The main conclusions of the workshop are the following.

m Current coupling technologies can roughly be split into
two main categories. The “multiple executable” approach,
in which component models remain independent
executables, is less flexible and can be less efficient
but is straightforward to implement requiring minimal
modification to individual models. The “integrated”
mono-executable approach requires the original codes to
be split into initialization, running and finalization units
and supposes some standardization of the resulting
component interfaces; however, because components can
be run sequentially or concurrently, this approach offers
additional optimization opportunities.

m For maximum coupling flexibility and efficiency,
climate component models should be re-factored into
initialization, run and finalization units. However, this
refactoring may be not straightforward to apply for
some legacy models and it may be difficult to achieve
an agreement on the standard component interfaces
required for integrated coupling. To satisfy all cases, an
“ideal” coupling technology should therefore offer both
approaches. Current research in Generative Programming
explores ways to build such an “ideal” technology.

m Existing coupling technologies have been developed with
different priorities and constraints. In the short term,
parallel development of a small number of coupling
technologies should continue, each one with a significant
amount of resources. However coupler developers should
interact more closely and share basic utilities when
possible (e.g. regridding libraries). The development teams
should include computing scientists interacting closely
with climate modeling scientists. Best practices in coupling
should also be discussed, identified, and promoted.

m As we approach the exascale era, increased parallelism
with more concurrent components seems essential.
Moreover, it will be crucial to limit the load of the associated
data communication e.g. by carefully distributing the
coupled components over available processes, overlaying
communication and calculation, performing redundant
calculations, etc. Future hardware platforms will likely
require significant changes in programming structures.

If sweeping changes to ESM software are required, the
geoscience modeling community should seriously consider
combining as much as possible available development
resources and evaluate where infrastructure convergence
is possible.

For more details on the workshop including the proceedings,
see https://verc.enes.org/models/software-tools/oasis/
general-information/events
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1. Introduction

The International CLIVAR Climate of the 20t Century Project
(C20C; Folland et al., 2002) held its Fifth Workshop on 25-28
October 2010 at the Institute of Atmospheric Physics (IAP) of
the Chinese Academy of Sciences, Beijing, China. The C20C
project brings together climate modeling groups to study
climate variations and changes over the last 140 years or less
using observational data and atmospheric general circulation
models (AGCMs) typically forced with observed values of
atmospheric composition (concentrations of greenhouse

gases and aerosols) and surface conditions (SST, sea ice, land
surface vegetation, etc.). Some work with coupled models

is also part of the project. Several major C20C papers have
been published since the last Workshop in Exeter, UK, in 2007,
particularly in Climate Dynamics.

The goal of the Fifth Workshop was to review new results

on coordinated climate simulations and analyses, and to
develop plans for new C20C projects. As in all previous
C20C meetings, the forcing data sets used in coordinated
model experiments, including ongoing development of the
Hadley Centre’'s SST and sea-ice analysis (HadISST) were
discussed (see Section 2). There was also discussion of how
to coordinate C20C experiments with related international
research programs, in particular the Intergovernmental Panel
on Climate Change Fifth Assessment (see Section 3) and
the LUCID - Land Use and Climate, IDentification of robust
impacts — project (see Section 6).

The 45 workshop participants from 16 institutions
representing 10 countries were welcomed by Dr. Huijin Wang,
Director of IAP, and enjoyed wonderful hospitality from the
host institution. The workshop included 28 presentations

on various C20C results and a series of breakout sessions,
including new core foci for the project. The workshop web site
(http://www.lasg.ac.cn/c20c/) includes downloadable copies
of the presentations and a fuller discussion of the Workshop.
Summaries of the breakout discussions are available on the
project web site (http://www.iges.org/c20c/).
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Both “standard” C20C simulations (in which the SST and sea
ice are specified from HadISST) and alternative strategies
(e.g., regionally-coupled or “pacemaker” simulations) were
presented. The presentations summarized new findings on:

m the variability in the north Atlantic, including the role of
atmospheric noise and more detailed evaluation of the
summer North Atlantic Oscillation (SNAO)

m the attribution of changes in variability and trends

m variability and trends in precipitation

m the effects and impacts of land surface variability and
change

m the effects of spatial resolution on the simulation of the
mean climate and its variability, including extreme event

m the east Asian climate, including the summer and winter
monsoons

m modes of variability in the atmospheric circulation

m new model developments by various groups

The proposed new core projects are now described.

2. HadISST

The Hadley Centre continues to develop improved analyses
of global SST and sea ice concentration so as to include more
observations and attain greater accuracy and resolution.
Key improvements of HadISST2 over HadISST1 are multiple
realizations, better resolution in time, new bias corrections
to SST right up to the present, inclusion of A(ATSR) satellite
data and a considerably improved sea ice extent data set.
HadISST2 will be fully available in summer 2011; a beta
version is now available. Future versions will address the
diurnal cycle through work planned under the European
Space Agency (ESA) Climate Change Initiative SST project
(see http://www.esa-sst-cci.org/). It is highly desirable to
have a 0.5°-resolution daily version of HadISST, at least for
the satellite era. In the short term new analyses such as the
single realization Met Office OSTIA analysis, but without full
bias correction, easily achieve this — see http://ghrsst-pp.
metoffice.com/pages/latest_analysis/ostia.html

Itis planned to integrate HadISST and OSTIA over the

next few years. In the meantime, a small number of the
approximately 100 realisations of HadISST2 will be adapted
for the C20C project.

The use of AGCMs to detect and attribute trends,
variations and extremes in the climate record of the
past 140 years is a high priority for the C20C project and
the Intergovernmental Panel on Climate Change Fifth
Assessment. An international working group on detection and
attribution has recommended a core project within C20C. Its
primary purposes would be:

m to characterize historical trends and variability in the
probabilities of damaging weather events, including the

differences across climate models;

m to estimate the fraction of the historical, present, and
future probabilities of damaging weather events that
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is attributable to anthropogenic emissions, and to
characterize underlying uncertainties in these estimates.

This project is to a large extent an extension to the
multimodel ensembles of Pall et al. (2011). It will comprise
ensembles of simulations run under different scenarios of
external radiative forcing, land use, SST and sea ice. Along
with the base scenario of past observed changes in the
boundary conditions, other scenarios will examine the effect
of omitting changes in selected boundary conditions.

The main project will involve generating a standard C20C
ensemble of historical simulations for 1950-2020 using
HadISST2 (before 2011) and DePreSys (Smith et al., 2007,
after 2010) for SST, and forced with historical changes in
greenhouse gases, tropospheric aerosols, land surface
conditions, volcanic aerosols, and solar luminosity. This
ensemble will provide a basis for estimating changes in the
probabilities of damaging events. A parallel ensemble will

be generated in which anthropogenic contributions to the
forcings are altered to pre-industrial conditions and the SST
is altered accordingly. Comparison of these two ensembles
will indicate the degree to which anthropogenic emissions
have contributed to changes in the probability of selected
weather events. The altered SST will be estimated using
optimal fingerprinting regression analysis, a standard tool in
detection and attribution studies.

Using the adjustment factors and linear combinations of
the climate model response patterns, a spatio-temporal
anthropogenic signal in SST will be estimated that will then
be subtracted from HadISST2. Various methods for treating
sea ice are being examined, with an option for no-change.

4. Weather Noise

Based on earlier work by Hasselmann, Schneider and

Fan (2007) showed that some features of low frequency
variability may result from stochastic variations in the
atmosphere, sometimes called weather noise. Analyses of
the output from existing C20C ensemble simulations will
compare the properties of actual atmospheric weather noise
implied by the various models. The weather noise would

be computed by subtracting ensemble and monthly mean
simulated fields from observational analyses. The potential
uses for this product include:

m Model verification: By determining whether the weather
noise inferred from a model satisfies the causality
principle that the weather noise is unpredictable, the
model’s realism can be assessed. The predictable part
of the weather noise should be included in the ensemble
means of the simulations; hence, the residual should be
unpredictable if the model is realistic. Predictability can be
determined from simple lag regression analyses (e.g. does
the North Atlantic tripole index predict future weather
noise surface fluxes?).

m Studies of low frequency coupled climate variability:



The weather noise surface fluxes could be used to

force simplified coupled models (such as versions of
the Interactive Ensemble CGCM - Kirtman and Shukla,
2002) to analyze properties and mechanisms of the low
frequency SST variability forced by weather noise.

5. Summer NAO

The Summer North Atlantic Oscillation (SNAO) can be
defined as the first EOF of July-August or June-August
extratropical North Atlantic pressure at mean sea level. It
exerts a strong influence on European climate, e.g. rainfall,
temperature and cloudiness, but is also associated with
climate variability elsewhere, e.g. eastern North America,

the Sahel region in Africa and eastern Asia (e.g. Folland et al.
2009) Moreover, modeling and observational results indicate
that SNAO variations are partly related to the Atlantic
Multidecadal Oscillation (AMO) on interdecadal time scales.
This project will focus on the pattern and impacts of SNAO
simulated by C20C models. Initial tests with coupled models
show that models tend to produce different SNAO patterns,
or sometimes not show a reasonable SNAO pattern. Thus,
we need to separate those models that produce an SNAO
pattern from those that don't. Composites of SNAO with
surface air temperature, precipitation, and storm tracks from
the different AGCMS and coupled models will be used to
evaluate the impacts of SNAO on different regions (including
East Asia). SST influences and the emerging issue of Arctic
sea ice influences will also be investigated.

6. Links between LUCID and C20C

The LUCID project aims are to identify and quantify the
robust biogeophysical impacts of land-use induced land-
cover changes (LULCC) on the historical climate. To that end,
a first set of snapshot ensemble simulations were carried out
by 7 international modeling groups. The models were forced
with 30 years (+ 1 year of spin-up) of observed SST and sea
ice (1870-1900) for the pre-industrial era and for the present-
day (1972-2002). Results show that the impacts of LULCC
can be very large regionally, as large as (sometimes larger
than) the impacts of the combined changes in atmospheric
CO, , SST and sea ice (Pitman et al. 2009). LULCC should be
accounted for whenever regional interpretations of past and
future changes, and/or detection and attribution studies are
carried out (see Section 3 above).

An interesting feature of LUCID results is that the dispersion
among the models’ responses to LULCC is substantially
larger than that of their response to changes in SST and

sea ice. This results from the different strategies applied to
individual models to incorporate LULCC into their land-cover
maps, and because land-surface parameterizations differ
from one model to another. Thus it is very challenging to
include LULCC in an identical way in model simulations. Two
groups of experiments are proposed:

m Using observed SST and sea ice since 1870 as in standard
longer C20C simulations;

m Using fully coupled atmosphere-ocean models, building on
the CMIP5 experimental protocol.

The first set of C20C-style simulations will be ensembles

done in two ways:

m constant land-cover throughout the period, prescribed to
its pre-industrial state

m varying land-cover from year to year.

7. Precipitation over the 20t Century

A number of reconstructions of global precipitation for

the past century or more have been developed. Most

have focused on the satellite era, but some have inferred
precipitation back to the beginning of the 20" century.
Datasets to be used in the C20C project include modern
global precipitation analyses such as the well-known Global
Precipitation Climatology Project (GPCP) data set and the
Climate Prediction Center Merged Analysis of Precipitation
(CMAP) data set. Together with the new 20t Century
reconstruction of precipitation (Smith et al. 2010). The
spatial resolutions of the datasets are 2.5° latitude/longitude
(GPCP and CMAP) and 5° (reconstruction); all offer monthly
temporal resolution.

The project will focus on:
m Validation of precipitation simulations in C20C models;
m Improvement of observational datasets; and

m Enhanced understanding of climate variability and change
during the 20t century.

Since existing models and observations are relatively limited
in skill and accuracy, the effort will focus on large spatial and
long time scales. Existing C20C model runs are adequate to
create initial results. A critical challenge will be developing a
standard set of metrics and protocols.

Particular diagnostics of interest will include:

m The simulated global mean and the long-term mean
annual cycle of precipitation over large domains (global,
hemispheric, land/ocean, continental) and changes over
the century;

m the simulation of precipitation features associated with
large-scale modes of climate variability such as ENSO, the
NAO, the Pacific Decadal Oscillation/Interdecadal Pacific
Oscillation and the AMO.

m the relationship of the features to be evaluated to observed
atmospheric and SST variations.

Precipitation anomaly simulations from C20C runs will be
compared against reconstructed precipitation anomalies over
the full period from 1900-2000 or later. GPCP and CMAP will
be used for more detailed examination of the mean annual
cycle on a regional basis and for greater spatial detail.

8. Predictability Diagnostics

A novel mathematical diagnostic method to measure
predictability that separates different spatial modes of
variability, including a separation of the influence of external
forcing from internal variability was developed by Zheng

et al. (2008). It was first applied to C20C simulations by
Zheng et al. (2009). The proposed project aims to apply this
methodology in AGCM and coupled models to:
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m Validate a climate model's simulation of the variability of
tropical SST. Principal component analysis will be applied
to the observed SST and simulated SST respectively. The
derived EOFs will be compared each other. If they are
similar, the corresponding principal components will be
further compared each other.

m Validate the general circulation simulated by climate
models. Here the seasonal mean is decomposed into
components that arise from radiative forcing, from low
frequency oscillations of the ocean and atmosphere, and
from intraseasonal variability. Although each component
cannot be separated a priori, their covariance matrices
can be estimated (e.g. Zheng et al. 2009). Singular value
decomposition of the covariance matrices of the simulated
and observed component fields can be used to assess the
validity of the simulation.

m Validate simulated temperature and precipitation. The
above decomposition methodology can be applied to
the cross-covariance matrices between temperature
(or precipitation) and circulation. Then temperature (or
precipitation) changes can be associated with the relevant
component of the general circulation. Finally, partial least
squares regression can be used to study associations
between the daily variability of temperature and
precipitation and the variability of the dominant circulation
patterns of a given component.

9. Statistical Properties of Mid-latitude
Atmospheric Variability

Theoretical and observational arguments suggest that the
two main features of mid-latitude northern hemispheric
winter variability can be almost unambiguously separated.
First, synoptic phenomena can be associated with the
release of available energy driven by conventional baroclinic
conversion. Secondly, at lower frequencies (10-40 days),
the planetary scale variability is related to non-linear
orographic resonance processes. Moreover, non-linear wave
self-interaction theories predict the existence of multiple
equilibria of the mid-latitude planetary wave amplitude
including switches from unimodal to multimodal regimes of
the atmospheric circulation.

Focusing on December-February in the latitudinal belt where

the bulk of the baroclinic and low frequency planetary waves

are observed, daily averages of 500hPa height provide a one-
dimensional longitudinal field representative of atmospheric
variability in the mid-latitudes. Its variability can be described
using a space-time Fourier decomposition introduced by Hayashi
(1979). By computing the cross-spectra and the coherence

of the signal, the eastward and westward wave propagating
components can be discerned from the standing component.
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ANNOUNCEMENT

Replacement of EOS-80 with the
International Thermodynamic
Equation of Seawater — 2010 (TEOS-
10)

The Intergovernmental Oceanographic Commission (I0C),
with the endorsement of the Scientific Committee on
Oceanic Research (SCOR) and the International Association
for the Physical Sciences of the Oceans (IAPSO), has adopted
the International Thermodynamic Equation Of Seawater -
2010 (TEOS-10) as the official description of seawater and
ice properties in marine science. All oceanographers are
now urged to use the new TEOS-10 algorithms and variables
to report their work. The TEOS-10 computer software, the
TEOS-10 Manual* and other documents may be obtained
from www.TEOS-10.0rg.

A notable difference of TEOS-10 compared with EOS-80

is the adoption of Absolute Salinity to be used in scientific
journals to describe the salinity of seawater and to be used
as the salinity argument in the TEOS-10 algorithms that

give the various thermodynamic properties of seawater.
Note, however, that the salinity that is reported to national
databases must remain Practical Salinity as determined on
the Practical Salinity Scale of 1978. The practice of storing
one type of salinity in national databases (Practical Salinity),
but using a different type of salinity in publications (Absolute
Salinity), is exactly analogous to our present practice with
temperature; in situ temperature is stored in databases
(since it is the measured quantity), but the temperature
variable that is used in publications is a calculated quantity,
being potential temperature to date under EOS-80, and from
now, Conservative Temperature under TEOS-10.

To avoid confusion while the use of Practical Salinity in
scientific publications is phased out, authors and editors are
requested to ensure that salinity is specifically identified as
being either Practical Salinity with the symbol S, or Absolute
Salinity with the symbol S,. In addition, the method used to

compute the location-dependent relationship between S, and

S, should be explicitly stated.

The more prominent advantages of TEOS-10 compared with
EOQS-80 are

m For the first time the influence of the spatially varying
composition of seawater is systematically taken into
account through the use of Absolute Salinity. In the
open ocean, this has a non-trivial effect on the horizontal
density gradient, and thereby on the ocean velocities and
transports calculated via the “thermal wind" relation.

m The new salinity variable, Absolute Salinity, is measured in
Slunits (e.g. gkg?).
m The Gibbs function approach of TEOS-10 allows the

calculation of internal energy, entropy, enthalpy, potential
enthalpy and the chemical potentials of seawater as

well as the freezing temperature, and the latent heats of
freezing and of evaporation. These quantities were not
available from EOS-80 but are essential for the accurate
accounting of “heat” in the ocean and for the consistent
and accurate treatment of air-sea and ice-sea heat fluxes
in coupled climate models.

m In particular, Conservative Temperature Q accurately
represents the “heat content” per unit mass of seawater,
and is to be used in place of potential temperature g in
oceanography.

m The thermodynamic quantities available from TEOS-10 are
totally consistent with each other; this was not the case
with EOS-80.

A brief introduction to TEOS-10, “Getting started with TEOS-
10 and the Gibbs Seawater (GSW) Oceanographic Toolbox™, is
available on the TEOS-10 web site (www.TEOS-10.0rg). This
lists all the functions in the GSW computer software toolbox
and also illustrates the differences associated with using
Absolute Salinity and Conservative Temperature compared
with using Practical Salinity and potential temperature.

Capitan Javier Valladares, Chairman, Intergovernmental
Oceanographic Commission

Prof. Dr. Wolfgang Fennel, President, Scientific Committee on
Oceanic Research

Prof. Eugene G. Morozov, President, International Association
for the Physical Sciences of the Oceans

1]OC, SCOR and IAPSO, 2010: The international thermodynamic equation of seawater — 2010: Calculation and use of thermodynamic properties.
Intergovernmental Oceanographic Commission, Manuals and Guides No. 56, UNESCO (English), 196 pp.
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