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The Climate Change Effects on the
Agricultural Sector of Bolivia

por
Javier Aliaga Lordemann
& Tirza J. Aguilar

Abstract

Bolivia as many other countries in the world, it lmoking for some
mechanism that allows to fight against the adverggacts produced by
climate variability. There is consensus that matepsation and mitigation
measures if we want to reduce the adverse effeottuped by the climate
change - in addition the vulnerabifitio these phenomena depends also on
other stress factors.

The aim of our research seeks to evaluate the esorimpact of climate
change in the agricultural sector of Bolivia withdawithout mitigation
measures. From one hand the work quantify thectetfeclimate change
over the GDP — from the other hand it evaluatesélevance of mitigation
measures destined to reduce the risk and vulngyadiiiclimate change.

There are many methodologies that evaluate thedence of climate
change, both from economic and technological petsfe— the first one in
well known as bottom-up schemes — the second omansed top-down
schemes. For the purposes of our research we ps#gown model, based
on Computable General Equilibrium (CGE) techniques.

1 vulnerability is a function of exposure to cliredactors, sensitivity to change and capacity @patb that change.



1. Introduction

All the countries in the world are currently seanghfor mechanisms that allow to fight
against the adverse impacts produced by climatebibty. It is evident that Bolivia like
many other countries require more adapt&tand mitigatiod measures in order to reduce
the effects produced by the climate chahgen addition, the vulnerability to this
phenomenon depends also on other stress factors.

Since financial resources are destined to dimitingh climate change effects, the
subject becomes an important issue for any econespecially in sectoral policy design.
The analysis seeks to identify the propagation mesims, because the relationship
between economy and environment does not necgssave a direct path - it often
depends on indirect effects (e.g. social vulnditgpiand the interaction between the
economic production functions and environmentalst@mnts helps to identify and quantify
the adaptation (mitigation) costs versus non-adiaptémitigation).

With this framework, the aim of our research ist@luate the economic impact of
climate change in the Bolivian agricultural sectdth and without mitigation measures.
On the one hand the work quantifies the effectliohate change over the GDP — on the
other hand it evaluates the relevance of mitigath@asures destined to reduce the risk and
vulnerability of climate change.

There are many methodologies which evaluate thidence of climate change, both
from an economic and a technological perspectitlee—first are well known as bottom-up
schemes — the latter are named top-down schemethd-purposes of our research we use
a top-down model, based on Computable General ilBquih (CGE) techniques.

This kind of models compare two different equilibris - a base line equilibrium
with an ex-post equilibrium produced by an external shock (e.cangje in the scale of
agricultural production). With this tool we compdrthe economic paths in the short and
medium term under three different simulation scesafor the agricultural production (i.e.
normal, moderate and pessimistic) and two differelosures (i.e mitigation and non-
mitigation).

The document has the following structure — in secl, we describe the economics
of the agricultural sector. In the section 3, wealibe the Bolivia Agricultural Sector. In
section 4, we introduce the theoretical basis oECIA section 5, we analyze the results of
the model. In section 6, we analyze the resultsimfilation experiments with mitigation
and non-mitigation scenarios. Finally, in sectigrnvé present our conclusions.

The Intergovernmental Panel on Climate Chang€E@QR007), defines adaptation as the “adjustmemtatural or
human systems in response to actual or expectedtelistimuli or their effects, which moderates hamexploits
beneficial opportunities”.

Mitigation is understood as the prevention obcar emissions promoting the reduction of greenhg@aseemission,
efficient use of energy and other resources otipslihat norm the ground usage promoting sustdityab

"Climate Change" means a change of climate cmmdit which is attributed directly or indirectly kmman activity
and alters the composition of the global atmosplarg which occurs in addition to natural climateiafaility
observed over comparable time periods.

Vulnerability is a function of exposure to cliredactors, sensitivity to change and capacity patb that change.
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2. The Economic View of Climate Change: Agriculturd Sector

Agriculture is an economic activity that is highdgpendent upon weather and climate in
order to produce the food and fibre necessary gtasu human life. Not surprisingly,
agriculture is deemed to be an economic activigy th expected to be vulnerable to climate
variability and change. The vulnerability of agticwe to climate variability and change is
an issue of major importance to the internatiorc@rdific community. This concern is
reflected in Article 2 of the UNFCCC, which callsrfthe stabilisation of greenhouse gas
concentrations in the atmosphere at a level thatldvprevent serious anthropogenic
interference with the climate system. Such a lsheluld be achieved within a time frame
sufficient to: (i) allow ecosystems to adapt natyro climate change; (ii) ensure that food
production is not threatened; and (iii) enable ectoic development to proceed in a
sustainable manner.

On a global basis, climate variability and changgyrhave an overall negligible
effect on total food production (Parry and Roseigwik993); however, the regional impacts
are likely to be substantial and variable, with soregions benefiting from an altered
climate and other regions adversely affected. Galyefood production is likely to decline
in most critical regions (e.g. subtropical and itcap areas), whereas agriculture in
developed countries may actually benefit as teagyols more available and if appropriate
adaptive adjustments are employed.

Agriculture is one of the oldest economic actigtierhis is because it is the
backbone of our food supply and without it the wdtsIpopulation would experience food
insecurity. For this reason any effect that climettange has on agriculture will be passed
on to society. Since agriculture is also dependenthe natural resource base, changing
climate will require the adaptation of agricultugalactices that accommodate the new
climate while conserving the natural resource base.



3. The Agricultural Sector of Bolivia

The agricultural sector is the second most imporstonomic activity with a growth
average of 2.4% — the share in the GDP reached dis%g the last 25 years, with an
incidence of 0.45% (See Figure 1). In this secct analyse the industrial and non-
industrial agricultural production — the first ohas an average contribution of 2% during
the period 1980-2007, the second one is close to 7%

Figure 1: Agricultural GDP Behavior 1980 — 2007
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Source: Own elaboration with data from INE (National Sgétis Institute).

The country has suffered from many climatologiembmena (See Figure 2). Their
incidence over the agricultural GDP is evident eyttower the production, specially in the
years 1983, 1987, 1993, 1989 and 2007, with stemeqts like “El Nifio®. Only in 2003
“El Nifio” was considered weak. We expect more isgerchronic and extreme climate
events during the next years, with serious effeotéood production and food security, i.e.
through temperature changes and rain precipitatioreases (Easterling, et al., 2007, Stern
Review 2007).

Figure 2: The Incidence of the “Nifio/Nifia” Phenomea in the
Agricultural GDP Growth Percentages 1991 - 2007
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Source: Own elaboration with data from INE (National Stttis Institute).

5 The Nifio/Nifia phenomena are incidents in whidnesmwe climate variability occurs.



3.1. The employment contribution

The overall agricultural sector employs on averdg& of the total occupied population,

between 1999-2006 the percentage reached 80% mrthlearea (See Table 1). According

to UDAPE (2006), the structure and the dynamicermployment have changed due to the
sprouting of new enterprise units during the nexeti

Table 1: Percentage of Occupied Population in Rurafrea
By Economic Activity 1999 — 2006.

Year 1999 2000 2001 2002 | 2003-2004(1) 2001 200p
Agriculture, Forestry and Hunt 39.p4 38.6 4412 49.26 534 38.24 39.2B
Manufacturing industry 11{4 191 9.2 11|17 11.21 190.93 5[0.
Services 16.2p 16 14.¥8 14.2 16143 14.78 14.23
Others 32.8 35J2 31.89 327 3784 36 36.05
Agriculture, Forestry and Hunt 84.113 8f.4 84.99 86.79 780 81.01 82.4p
Manufacturing industry 2.92 31 3.p2 2{53 516 3.17 B.14
Services 2.9 31 2.88 2.p3 581 351 281
Others 10.21L 96 9.08 7.4 18{25 12.26 11.61

Source: Own elaboration with data from INE (National Sg#tis Institute)

3.2.  The export contribution

The main non-traditional export products during gegiod 1980 — 2007 were soy and
derivatives, coffee, cacao, sugar, rubber and wofsee Figure 3), and their average
contribution to total exports reached 16 %.

Figure 3: The Agricultural Export Behaviour 1996 - 2007
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4, The Bolivian General Equilibrium Model (CGE)

The General Equilibrium Model (CGE) is a tool desid to measure and evaluate the
overall economic effects including second ordee@f — related to external shock or
goverment policy intervention. This scheme aggregaumerically all market equilibrium
conditions, whereby the model captures multiple uiameous balances for different
markets or sectors (e.g. the agricultural secfingrefore the model surpasses any linear
specifications (Shoven & Whalley 1992; Ginsburghk&yser 1997; Dixon et al. 1982; and
Horridge, et al. 1993).

New computacional advances introduced more progiaginposibilities to
reproduce the economic functioning by simulatingiphor general equilibrium. We use in
this research a dynamic third generation CGE maouéh the purpouse to evaluate
macroeconomic and sectoral effects (agriculturatas® in the short and medium term
(Pereira & Shoven, 1988; Decaluweé & Martens, 1988).

The closures of our model verify the neoclasicatmaconomic restructuring of
portfolio assets, sectoral production changes armabnne distribution - in different
scenarios, like structural adjustment and policgnping (Bourguignon et al., 1989;
Rosenzweig & Taylor, 1990 & Jemio, 1993, 2001altbalso combines the assumption of
optimal consumption and portfolio composition -{daling the recommendation of Agénor
et al. (2002); Heathcote (1998) & Silva (2004).

41. The Markets: Goods and Factors

These two markets (goods and factors) were mod&léxiving conventional assumptions
of the CGE literature. The first one states thaite& remains fixed in the short term, the
second one assumes that technology has ConstaticEyeof Substitution (CES) for some
specific production sectors (i.e. agricultural,rpltum, natural gas, mining and services).

The third one is the small country (price takerguamsption for productive sectors
(i.e. agricultural, petroleum, natural gas, minargl services). Therefore, any gap between
supply and demand adjusts through commercial figwmington, 1969). According to the
fourth assumption, the CES function also determihesapital demand, the labour and the
imported inputs in these sectors.

The fifth assumption defines that the market stmectfor other sectors (i.e.
manufacture and construction) is based on oligepolirules. The sixth assumption
declares the existence of two sectors (i.e. urlmahisformal services), ruled hyark-up,
because of their excess of installed capacity. Shanth assumption states that imports
and exports demands are perfectly elastic. Findily,capital goods are a fix share of the
total investment in the base year and the conswgoeds imports are determined by a
Linear Cost System (LCS).

4.2. The Financial Sector
The model analyses the institutional and distniaitelationship in the financial sector. For

this purpose nine categories were defined (i.e.sébolds, state companies, private
companies, government, external sector, centrak,bemmmercial banks, other financial



institutions and pension funds). Taylor (1990)ssléy this kind of model as multi-sectorial
and multi-institutional general equilibrium scheofehree-gaps.

According to the Social Account Matrix (SAM), evdrglance in the model satisfies
the following relation “Total Assets = Total Obligans + Net Wealth” (Thiele & Piazolo,
2003). Hence, for each one of these institutionsegeire to define a portfolio behaviour.
We also define five types of assets/obligationgheane of which has a different rate of
return (i.e. physical capital, public assets/olilgss, currency money, private
assets/obligations and external assets/obligations)

Finally, the financial restrictions correspond tee tpatterns of each institution —
given the household size the adjustment follows rthile save first —then invest. The
effective level of investment and financial assats adjusted to the availability of funds
(profitability criteria). For private and publicompanies the rule is the opposite,
investmenffirst and then pays.



5. The Experiment Design

The design of any general equilibrium experimers tveo main elements. The first one is
the base year definition, which shows the econdeitaviour over a stable year (without
random shocks). The second one is the simulatienaso for one specific context. In this
section we present the base year assumptions arsihntinlation scenarios that will be used
to evaluate the effects of climate change (extepmatuction shock) in the agricultural
sector of Bolivia.

5.1. The Base Line

The CGE model was built based on the SAM — 2004abse this is the last matrix
constructed in Bolivia. Due to the lapsed timejsitrequired to validate the structural
parameters of the CGE model (with econometric teglas) — in the rejecting case, it is
necessary to calculate an adjustment rate to dotihecmodel outcomes. The procedure
concludes that the structural parameters are waiild - we also validate the specific
agricultural production function for this experinben

With this analysis, the basis of the experimerthéschange in the parameter of the
agricultural production function, regarding theiectoral activities (i.e. traditional
agriculture, modern agriculture and coca). Conecgyrthe Base Line (BL) scenario, two
distortions were introduced — the first one is ackhin the agriculture production related to
climate change effects (e.g. El Nifio), the second & an increase in the mitigation
expenditures destined to reduce the risks and raldigey of climate change.

Since the CGE model was built for macroeconoamalysis, the base year
reflects mainly these kinds of trajectories. Thaeégear assumptions are: (1) prices are
exogenous for trade commodities, then the termigagle and interest rates are given by
world prices; (2) the Foreign Direct Investment (JFI3 the average behaviour of the last
four years; (3) the government expenditures hageoaith rate of 2.5% each year; (4) the
government investment has a growth rate of 2.7%.

5.2. The Simulation Scenarios

The agriculture in developing countries is the mogtortant and also vulnerable activity
affected by climate change. In Bolivia, the sedtshare of agriculture is 10%f the GDP,
which makes it the third income activity in the oty. The current experiments consider
the effects of climate change under three scenarios

1. The normal scenario considers the average ptiodut the agricultural sector
during the last 19 years (2.46%). With this scenatrong adverse environmental
changes are internalised.

2. The moderate scenario considers the averageigirod in the agricultural sector
during the last five years (2.33%), with non-exteectimate change phenomena.
3. The pessimistic scenario considers the averametly rate of the agricultural sector

during the years with extreme climate change (428 he strong Nifio and Nifa
correspond to the following years (1989, 1993, 19998, 2001 and 2007).

" Annual Statistical review, INE (2007)



Finally, we carried out one policy closure on eacle of the three scenarios — an
increase in the mitigation expenditure of 10% byés (i.e., Government Expenditures
and Direct Investment) destined to reduce thearskvulnerability to climate change.



6. The Experiments Results
6.1. Compared Scenarios
6.1.1. The Scenario Without Mitigation

Within the normal and the moderate scenario, dhserved that Bolivian GDP will grow
throughout the next 10 years at a rate superifr3% and 0.35% per year respectively. In
the absence of any adverse shocks in the agriaukactor, the pessimistic scenario shows
a drop in the growth rate of -0.33% per year ($egyre 4). It is evident that any drop in
the agricultural production sector is translatedniyain employment reduction with the
corresponding decrease in the real GDP.

Figure 4: The Real GDP Growth Rate
Scenarios without Mitigation 2007 - 2017
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6.1.2. The Scenario With Mitigation

In this experiment, given the same three scendir®s normal, moderate and pessimistic),
we simulate an increase in the public investmert ianthe government expenditures in
0.71% and 0.57% respectively. We consider thatetla@sounts are directed to mitigate the
risk of climate change in the agricultural secie obtain the following growth rates for

each scenario respectively: 0.69%, 0.54% and 0.Q8e®Figure 5).

Figure 5: Real GDP Growth Rate Without Mitigation 2007 - 2017

0.90
0.704
0.50
0.301

0.104 L

o
-0.10

-0.30

-0.50

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

—&— Normal scenario —&— Moderate scenario —a— Pessimistic scenario

Source Own elaboration on basis of MEGC.

1C



The results show that the resources destined tgatet the adverse effects in the
pessimistic scenario permit to maintain positivevgh rates. This supports the theory that
negative climate effects produced strong falls con®mic growth, specially in the
agricultural sector. The mitigation does not eliatenthe effect, but it reduces it in the short
run.

6.2. The Normal Scenario (Without Mitigation)

In this section we analyse the performance of liheet most representative activities of the
agricultural sector (i.e., traditional agriculturejodern agriculture and coca) without
mitigation. The results show that the traditiongrieultural sector has a cointegrated
behaviour with the modern agriculture sector. Thisans that their dynamics move
together, although modern agriculture shows anageegrowth rate of 7.84% throughout
the next 10 years forecast and the traditionalosesttiows a flat growth (see Figure 6).
Finally, the coca sector is the most affected bgnale change; however, this happens
because the model was calibrated with data of 206én the level of coca production was
inferior to the current one, therefore, any de@esdtects more.

Figure 6: Percentage of Real Domestic Growth RatedB7 - 2017

15.000

10.000-
5.000
0.000

-5.000+
-10.000+
-15.000+
-20.000+

-25.000

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

- =-¢- =Traditional Agriculture —s—— Modern Agriculture ——— Coca

Source Own elaboration on basis of MEGC.

Regarding to the export behaviour, the growth i®@71% without mitigation and
0.75% with mitigation, therefore, both trajectori® overlapped and there is no major
effect of mitigation over the export performancee \isaggregate export by activities; in
the Figure 7 we observe that the key incidencegrit@ture occurs in the non-traditional
export products, mainly soy.
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Figure 7: Percentage of Real Exports Growth Rate 2y - 2017
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The average growth rate of Bolivian agriculturalpors falls 3.75%. As we can see in
Figure 8, the most important reduction is givethi@ modern agriculture, because a smaller
agricultural production demands less import ingatg. fertilizers). On the other hand, food
requirements are associated more with traditiorgticalture; therefore the imports
diminish only in the very short term.

Figure 8: Percentage of Real Imports Growth Rate 207 - 2017
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Even in the absence of negative effects in abgcultural sector (with or without
mitigation measures), due to the scarcity of préslatl domestic prices (i.e. traditional,
modern and coca) tend to rise (see Figure 9). Atsime time, since higher prices reduce
consumption and given the high degree of laborngitg, the agricultural wages are
reduced.
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Figure 9: Price Index of Domestic Product 2007 - 20/
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6.3.  The Moderate Scenario (With Mitigation)

In this scenario we expect the occurrence of solingatic phenomena, but not the high
intense “Mega Nifios”. With this experiment we séelevaluate the impact of mitigation
measures destined to diminish the risk and vulnksalin the agricultural sector. We
conclude that the domestic production shows theesgrawth rate of 2.25%, both in the
traditional and modern activities. This means timdtigation measures have almost no
impact when the climatic phenomenon is not extreftgo, coca production drops 6.2%,
because this is clearly not an agro-alimentaryoséste Figure 10).

Figure 10: Real Domestic Product Growth Rate 20072017
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The mitigation expenditure defined as “pubhwestment” for climate change risk
reduction, has arowding-in effect, since it increases the exports from -0.39% to 434
At the same time the real exchange rate depreciafscially in favour of modern
agricultural products (see Figure 11).
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Figure 11: Percentage of Real Exports Growth Rate@7 — 2017
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The growth rate of imports drops -2.4%, with an amant reduction in relation to
the normal scenario. The imports in the traditicagicultural sector react quickly; because
they are more associated with food requirements. gdvernment moreover increases its
expenditures toward food imports, specially wheditional agriculture falls lower than
modern agriculture (see Figure 12).

Figure 12: Percentage of Real Imports Growth Rate @7 - 2017
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An increase in the government expenditure destitoednitigate the effect of climate
change, on the one hand stabilises agriculturalymton — on the other hand, it elevates
symmetrically the price level (see Figure 13) inthbactivities (i.e. traditional and modern)

(see Figure 13). The net effect in the global camstion price Index (CPI) is no matter of
this research.
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Figure 13: Price Index of Domestic Product 2007 -7
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6.4. The Pessimistic Scenario

The agricultural production depends mainly on emvinental conditions like soil quality,
temperature, altitude, etc. Unfortunately, thiomifation is expensive and also difficult to
introduce into an economic model. Since the CGE ehatsed for this research was
designed for macroeconomic and aggregate sectoadysis, it does not capture the full
long term climatic dynamic.

When we simulate an extreme shock over thigwtrral production due to climate
change (pessimistic scenario) we are looking flang term evaluation related to specific
activities (i.e. traditional, modern and coca). this experiment we assume both
possibilities (i.e. with and without mitigation).h& results are the expected ones, the
exercise shows negative growth rates of -1.32% ar296 respectively (see Figure 14).

Figure 14: Percentage of Real Domestic Product Graw Rate 2007 — 2017
With Mitigation Without Mitigation
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The exports diminish (see Figure 15) except in modgriculture. The behaviour
of all activities is the expected one and the ttajees are very similar with and without
mitigation, with an average growth rate of -2% ahd% respectively. The conclusion is
that extreme phenomena overshoot the agriculti@dyztion function, thus mitigation
expenses do not have a major impact. When suceessiveme phenomena occur, the
possibility of production shortage in all agricutiliareas increases. Therefore, there is a
drop in exports with an exchange rate appreciatioainly in the modern agricultural
sector.
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Figure 15: Percentage of Real Exports Growth Rate@7 — 2017
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Given the budget constraints, the derived effecmfclimate change push up the imports
of traditional agricultural goods (specially foodnd lower the imports of modern
agricultural goods. We observe the effect mainlythie mid term (see Figure 16). It is
evident that there is a very slow technologicalngfeain the modern agriculture sector and
subsistence production in the traditional agriaeltsector.

Figure 16: Percentage of Real Imports Growth Rate @7 — 2017
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Source Own elaboration on basis of MEGC.

As a result of extreme or chronic climate chanbe,drice index doubles in relation to the
normal scenario. There is a structural broke ingheduction function in the long term

which shows the powerlessness of mitigation measwieen these type of events occurs.
Thus the demand grows and the production decreswiéshe nature internalises that event
(see Figure 17).

Figure 17: Index Prices of Domestic Product 2007 2017
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7.

Conclusion and recommendations

Agriculture is the most vulnerable activity to eettre climate change. The impact on
economic growth is significant, specially in theoghand mid term (when production
decreases and prices increase). In the case adnextand chronic climate events the
economic effects are not clear, because thereveryasiow environmental internalisation
of this type of phenomena.

We conclude that there is strong evidence thatatknchange leaves sequels in the

agricultural production function in the mid terrm Bll the scenarios climate change
affected the trade balance and the terms of tsaitle major incidence over the prices in the
traditional agriculture in the short term.

With more mitigation expenditures destined to reduisk and vulnerability to

climate change, the effects diminish, but in moktttee cases marginally. The main
conclusion is that mitigation in the best case ibt&s the adverse effects of climate
change, but it is not enough to substitute then@dradaptation.

It is not possible to extract additional informatitxom previous studies. Therefore

it is recommended that new research will be underta

A complete vulnerability analysis should be done fbe agricultural sector
regarding to the effect of climate change on adfiice and the second round effects
on the other sectors of the economy.

It is necessary to build an integrated CGE moddh wilimate change and
agricultural models in order to take the dynamitreof things into account.

Further research is needed to examine the roldéim&ie change variables in land
management adaptations.

Finally, we addressed the following questions, bseeaBolivia does not have a

complete climate change model that allows us tolyaeathe overall mitigation and
adaptation measures.

What are the attributes of climate to which agtieal systems respond?

Where and when mitigation is necessary?

What type of mitigation do we need?

Why do responses differ, and what characteristiekercertain types of regions
more vulnerable or adaptive than others?
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