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necessary for all the urban areas of  the arid zone 
in the Altiplano, valleys, and Chaco regions, and 
more specifically for those presenting high popu-
lation growth rates. However, given the current 
situation of  the urban water sector, supply-side 
adaptation options still are the first priority. Utili-
ties should ensure that tariff  structures are progres-
sive, guaranteeing access for basic consumption 
and increasing pressure for high nonproductive 
uses. In case consumption rates increase in the 
future, supporting the implementation of  reuti-
lization measures at the household level should be 
also considered, like simple small bio-filters to re-
use water from the basin to flush toilets. 

Integral measures and flood control
Incorporate utilities’ development plans 
into watershed development plans. This 
strategy promotes the inclusion of  cities as an 
important element of  watershed management so 

they are integrated into the water management 
strategies planned for the entire basin. Water use 
can then be quantified and compared to natural 
supply in that watershed in order to plan a sus-
tainable coexistence among all rural/urban users. 
Moreover, integrating the city as one element 
of  the watershed facilitates assimilation of  the 
“hydrometeorological risk” concept as a key char-
acteristic of  urban planning instruments. City 
planners might be able then to determine risky 
areas where, for instance, construction should not 
be permitted, or to detect crucial zones where 
infrastructure is at risk during floods or extreme 
rainfall events. In many cases, it is more cost-
effective to implement an early warning system 
than to review, rebuild, or overbuild a drainage 
system in consolidated urban land. However, as 
mentioned above, these warning systems only 
make sense if  they are framed in the physical con-
text of  the watershed.
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The livelihoods of  the poorest families in Bolivia 
are based on rainfed agriculture, small-scale 
livestock farming, and seasonal labor. Better-off  
families engage in livelihood activities based on 
a combination of  rainfed and irrigated agricul-
ture, livestock farming, nonagricultural work, and 
temporary migration. Those households most 
resilient to climate change have livelihood strat-
egies based on irrigated agriculture with less of  
a rainfed component, semi-free-range livestock 
farming or large-scale livestock farming, dairy, 
and occupations in the services sector. The most 
vulnerable families are those that have elderly, 
handicapped, and young members, as well as 
female-headed households.

For the purpose of  this study, focus group discus-
sions, community workshops, expert interviews 

and household interviews were conducted in 
fourteen municipalities43,44 (see table 20).

The poverty levels of  70 interviewed households 
were classified based on indicators such as land 
tenure, livestock holdings, family prestige, chil-
dren’s occupation, and type of  housing45. Figure 
16 presents the socio-economic stratification of  
the interviewed families. This was a relative clas-
sification, constructed by comparing one family 
with another, recognizing that what constitutes 
poor families in one community may be very dif-
ferent in other communities. Nonetheless, this 
classification allowed for an approximation of  
the assets holdings of  each level. Those families 

43	  The methodology consisted of  a literature review, sampling to 
identify the municipalities most vulnerable to climate change 
today and fieldwork. For the fieldwork, a total of  42 key infor-
mants and seventy households (five households per community) 
were interviewed; forty-five focus group discussions on livelihood 
strategies were conducted; one national workshop took place 
with experts of  each region under study; and fourteen workshops 
that used participatory scenario development techniques were 
held with community representatives of  each selected municipal-
ity. Fieldwork was conducted by nine private institutions selected 
for long-standing experience in the municipalities.

44	  A general methodology for the social component was developed 
by the central EACC team in Washington. Local consultants 
tailored this methodology to fit the Bolivian context and best 
characterize vulnerability to climate change within the local 
context. See Annex 5 for more information on methodology of  
the social component

45	  In the study areas, all of  the families are considered to be poor 
according to the definition of  poverty from the National Institute 
of  Statistics. 

Local-level Perspectives 
on Adaptation to 
Climate Change

Table 20 Number of municipalities 
studied for the social component, 

by macro-region
Macro-region Number of municipalities

Altiplano 4

Valleys 5

Chaco 2

Plains 3

Total 14
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considered least poor have assets that are five to 
ten times superior to those of  the poorest families. 
Salient differences in socioeconomic status are 
mostly explained by ownership of  livestock and 
arable land. The region with the greatest inequal-
ity is the Plains macro-region, where indigenous 
and peasant communities live side-by-side with 
the agro-industry, large-scale cattle breeders and 
timber industries. 

Past Adaptation and  
Coping Practices

We interviewed 70 households about past cop-
ing strategies in the event of  a flood, drought, 
hailstorm, and/or frost. Fifty percent of  those 
interviewed did not engage in new activities to 
manage the extreme event. These families were 
either unaffected by the climate event and had 
relatively strong adaptive capacity, meaning a 
diversified livelihood strategy with income-gen-
erating activities not sensitive to climate, or had 
too few resources to invest in new adaptation 

measures and in some cases survived by con-
suming less food or resorting to reserves. In the 
latter group, households that continued their tra-
ditional livelihood strategies did so despite the 
fact that after many years of  adapting to climate 
change, their coping strategies were no longer 
sufficient. Those mostly consisted of  elderly, chil-
dren, handicapped people, and single women 
with few resources who generally relied on assis-
tance from families or neighbors. 

…I dedicate myself  to milk production; I have a few 
cows and in addition, I go from house to house to pick 
up milk and I sell everything to a business. When 
there was drought, milk production fell by half  due to 
lack of  forage for the animals. I had to survive on this. 
I don’t have a husband and my children are too young 
to go work and I cannot abandon my household….
(Case of  Juana Mamani, 37 years old, 
Municipality Pucarani, Highlands)

The remaining 50 percent of  households inter-
viewed engaged in a diverse range of  adapta-
tions. Some integrated new activities to their 
livelihood strategies—for example, temporary 

ind

POOREST

LESS POOR

POOR
50%

POOREST
40.8%

LESS POOR
9.2%

Figure 16 Socioeconomic Strata of 
Local Communities

TM

TCE

IAP

O

WM

TP

TEMPORARY MIGRATION
36%

WATER
MANAGEMENT

10%

TRADITIONAL
PRACTICES

25%

IMPROVED
AGRICULTURAL

PRACTICES
9%

TRANSFORMATION, COMMERCIALIZATION, 
AND EMPLOYMENT

OTHERS

3%

17%

Figure 17 Past Responses to 
Climate Events



P L U R I N A T I O N A L  S T A T E  O F  B O L I V I A  C O U N T R Y  S T U D Y 55

migration—and others pursued the same activi-
ties but experimented with ways to improve their 
traditional practices. Figure 17 summarizes the 
adaptation activities of  these families.

Of  the 70 households interviewed, 25 households 
resorted to temporary migration. These families 
had not previously engaged in migration but felt 
it necessary in order to compensate for economic 
losses (see also Annex 5 for the complete Social 
Component Report). 

Results reveal that in order to adapt to changes 
in climate, 17 percent of  households interviewed 
developed new livelihood activities such as the 
production of  artisan goods or engaging in trade 
or local work. This analysis further shows that 
the majority of  households who did adapt to cli-
mate events resorted to an average of  one new 
adaptation measure per event in an attempt to 
compensate for losses. Twenty-five percent of  
families reverted to ancient indigenous practices, 
including rituals to call for rain, creating smoke 
to combat frosts, and lighting fireworks to com-
bat hailstorms. 

During the local community workshops, par-
ticipants discussed the autonomous changes they 
have pursued in the past with a view to later dis-
cussing the types of  adaptation measures that will 
be necessary in the future. In the past, production 
systems have gradually changed with little exter-
nal support from the state or local institutions. 
The majority of  these changes are undertaken 
autonomously and at their own cost, without 
prior planning. As with all innovations in farming, 
the process takes many years and is conducted on 
a “trial and error” basis. Once local strategies are 
deemed successful, municipal governments and 
local institutions—at the solicitation of  commu-
nities—have taken some of  these innovations and 
translated them into large-scale projects. Irriga-
tion and protective infrastructure projects have 
been introduced in such a manner in five of  the 
studied communities.

Using scenario development  
exercises to envision future  
adaptation priorities

Based on their climate observations over the 
past 20 to 30 years, all community members that 
participated in the study believe that future cli-
mate will be characterized by higher tempera-
tures, water scarcity, more irregular rainfall, and 
a shorter but more intense rainy season. Only 
in the Amazon region do community members 
expect that rain will fall more frequently than 
before, causing increased incidence of  flooding. 
The adaptation measures prioritized by the com-
munities were specific in terms of  their needs, the 
number of  beneficiaries at stake, types of  past 
experiences dealing with climate hazards, their 
own cultural criteria, and considered economic 
values. With the objective of  finding tendencies 
emerging from this diverse and complex set of  
adaptation strategies, the measures have been 
classified into eight types:

Water management■■

Infrastructure■■

Improved livestock farming■■

Improved agricultural practices■■

Better environmental management■■

Training and capacity building■■

Credit and finance■■

Transformation and employment■■

Table 21 and 22 below presents a very wide variety 
of  community livelihood strategies in the Plains 
and Altiplano regions of  Bolivia, respectively. This 
diversity of  options can be explained by the fol-
lowing factors: first, each strategy tends to reflect 
the specific concerns of  an individual community, 
especially regarding the extent to which the com-
munity is exposed and sensitive to climate change. 
Adaptation measures identified by communities 
and the order of  priority assigned to each also 
mirror the kind of  measures or investments that 
have been pursued (or not) in the community 
in the past. In effect, this shows how preferred 
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adaptation strategies depend on the recent history 
of  a particular community. For example, com-
munities that have benefitted from investments in 
water management schemes that have resulted in 
safer drinking water do not consider water man-
agement for improved drinking water to be neces-
sary for their future livelihood strategy as they do 
not view the current system as inadequate. 

The presence or lack of  institutions is a sec-
ond determinant for identifying, prioritizing 
and sequencing adaptation strategies in Bolivia. 
Where local authorities and privatized institu-
tions have a history of  supporting development, 
community members will count on their contin-
ued support and prioritize measures that require 
external support. Where institutions do not have 
a strong presence, prioritized adaptation options 
will not be based on major external support. 

With regards to migration, rural communi-
ties’ consideration of  migration as a viable and 

preferred adaptation strategy was strongly influ-
enced by social preferences. Temporary migra-
tion was not prioritized as an adaptation measure 
in the studied communities. Rather, the logic of  
the communities in the identification of  adapta-
tion measures was, “What should we do to adapt 
so that we do not have to abandon the commu-
nity?” A woman from the municipality of  Beni in 
the Plains region argued: 

“We do not want to move the community; for the 
authorities this is the easy way out. We want to stay 
in the community, even if  floods occur. It cost us dearly 
to move our community to this place and it is now 
in a strategic location, everybody passes by our port. 
Assistance should focus on helping us to stay in our 
own place, not to help move us.” 

Thus, social preferences may be more influential 
determinants of  adaptation preferences than eco-
nomic rationale. From the above example, one 
can see that populations will not always opt for 

Table 21 Prioritized Adaptation Strategies (planned and autonomous)  
by Community in the Plains Region

San Isidro
(Yapacani Municipality)

Puerto San Borja
(San Ignacio Municipality)

Agosto 15
(Yapacani Municipality)

Valparaiso
(San Pedro Municipality)

Water supply system for 
cattle

Construction of water hole 
(aguada)

Emergency water recovery 
and Educational Center

Community flat boat to 
transport produce to 
market

Construction of social 
housing

Family plots to be fenced 
off

Construction of defenses 
on the River Yapacaní

To plant fast-growing 
vegetables

Improved dual-purpose 
cattle

Grain storage system Repair of  5 km of main 
road in the Agosto 15 
community

Domestic irrigation using 
waterwheels in orchards

Construction of the Con-
dorito Bridge

Irrigation pumps to be 
installed

Installing windbreaks in 
rice paddies

30 irrigation pumps for 
irrigating family orchards in 
the Valparaiso community 
(with river water)

Pilot centre for apiculture 
improvement

Construction of artificial 
terracing

Restarting rice produc-
tion in the Agosto 15 
community

10 irrigation pumps for lift-
ing river water to irrigate 
family vegetable plots

Controlling high incidence 
of weeds in pastures and 
orchards

Construction of furrow ter-
racing (camellones)

To diversify agricultural 
production by planting 
citrus and cocoa

Joint production of citrus 
and coffee

Diagnostic study on flower-
ing times of local plants

Source: community workshops
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Table 22 Prioritized adaptation measures by community in the Altiplano 
Region

Chaquilla
(Porco)

Contorno Calacoto 
(Calacoto)

Pampajasi (Pucarani) Jila Manasaya Uta 
(Curawara Carangas)

Improved water irrigation 
management systems to 
streamline water use and 
reduce silting

Construction of wells and 
water catchment facilities

Construction of a dam Construction of multifamily 
water system

Construction of new irriga-
tion channels to include 
water tapping facilities and 
water flow chambers for 
efficient irrigation.

Construction of reservoirs Construction of reservoirs Drilling wells and installing 
hand pumps for drinking 
water

Measures to recover 
degraded wetlands (fenc-
ing, fertilization, irrigation 
and replanting)

Improvement of pastures 
and fodder

Build infrastructure for 
dairy herd management

Improving family wells and 
installing hand pumps

Training and user aware-
ness to enable sustainable 
use of available resources.

Livestock Infrastructure Management and improve-
ment of agricultural 
production

Improvement of native 
grasslands with the 
construction of infiltra-
tion trenches and planting 
native grass seeds

Construction of roofed 
livestock shelters and other 
necessary infrastructure to 
upgrade production

Support for farming 
activities

Management and conser-
vation of fodder

Construction of atajados 
for irrigating wetlands 
(bofedales)

Comprehensive animal 
health program

Management of low-inter-
est loan finance

Improvement of dairy 
herds

To improve reproductive 
and genetic management.

Technical training in various 
activities

To support the establish-
ment of a body to produce 
and sell aggregates

Training and awareness 
among livestock raisers  for 
the sustainable production 
and handling of animals.

To organize a Producers 
Association

Vegetable production in 
solar-heated enclosures

Construction and / or 
repair of defenses and 
retaining walls in cultivated 
terraced plots.

Improvement of productive 
infrastructure

Handling and production 
of potato crops

Improvement of irrigation 
canals and water tapping 
facilities  for efficient use 
of irrigation water.

Management and livestock 
genetic improvement

Opening and / or construc-
tion of drainage ditches to 
prevent moisture damage 
to crops.

Processing and marketing 
of local products

Organic farming using 
selected native species 
and varieties tolerant 
to adverse weather 
conditions.

Training and awareness-
raising of community 
residents to protect and 
preserve soils used for 
growing crops

Source: Community Workshops
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wealth maximizing options. In Bolivia, where 
land is closely linked not only with subsistence but 
also with culture and identity, indigenous popu-
lations may view remaining on ancestral land as 
more important than the pursuit of  more lucra-
tive endeavors elsewhere. 

Notably, key informant and household interviews 
revealed that major discrepancies exist between 
the ways that local authorities and communities 
perceive adaptation to climate change now and in 
the future. Most local authorities interviewed con-
sider climate change a problem that will arrive in 
the future and maintain that investment in infra-
structure projects is the best form of  adaptation. 
In contrast, communities consider climate change 
to be a reality today and discussed the need to 
define strategies that support fundamental trans-
formations in livelihood activities, rather than 
individual “hard” adaptation measures. 

Synthesis of findings on local level 
perspectives on adaptation 

Rural and indigenous communities have a long 
and rich history of  systematic observation of  
the climate; indeed, their survival depends 
on this capacity. Climate change and increas-
ing climate variability mean that many of  the 
climatic indicators used by these communities 
are becoming less effective. Community work-
shops revealed that due to an increasing inabil-
ity to predict weather patterns, people are in 
need of  new indicators to diagnose and pre-
dict future variability. Based on their climate 
observations over the past 20 to 30 years, all 
community members that participated in the 
study believe that future climate scenarios will 
be characterized by higher temperatures, water 
scarcity, more irregular rainfall, and a shorter 
but more intense rainy season. Only in the 
Amazon region is rainfall expected to fall more 
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frequently than before, causing increased inci-
dence of  flooding. 

Communities in the valleys and highlands pri-
oritized adaptation measures related to water 
management, followed by improved agricultural 
and livestock practices. They view drought as the 
principle threat to their livelihoods. In contrast, 
communities from the Chaco and plains regions 
asserted that improved agricultural practices were 
a priority and considered water management 
measures to be of  secondary importance. 

The results also demonstrate that communities 
view adaptation strategies not as isolated measures 

or as single projects, but rather as a complex set 
of  complementary measures that are comprised 
of  both hard and soft measures. Infrastructure 
investments will be insufficient if  complementary 
efforts are not made to promote capacity build-
ing, institutional development, and in many cases, 
fundamental transformation to underlying logic 
and livelihood strategies. In particular, adaptation 
strategies may imply major changes to production 
systems that will need appropriate technological 
and organizational adjustments as well. For this 
reason, understanding these adaptation measures 
as a hierarchy with a specific order of  execution 
is essential, as some strategies will depend on the 
sustainable implementation of  others.
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The cost-benefit analysis tool was designed to 
allow the integration of  climate change vari-
ables into the development of  cash flows with 
costs and benefits for climate resilient options. 
The analysis also tries to answer the question 
of  how cost-benefit analysis for regular devel-
opment projects can be affected by climate 
change. Such information can be useful for the 
distribution of  national budgets and the priori-
tization and sequencing of  adaptation options 
in future public expenditures. Detailed cost-
benefit analysis was done on stylized adapta-
tion options from two sectors—agriculture and 
water—based on selected adaptation options 
from the : National Mechanism of  Adaptation 
to Climate Change (PNCC 2007, 1997) and also 
validated with the local agriculture and water 
resources sector experts. The empirical analysis 
allowed for the derivation of  estimated costs of  
eight adaptation measures in the long term (30 
years46). The water projects were aggregated in 
two components: provision of  water supply and 
flood control. For this analysis, the infrastructure 
adaptation options that were analyzed included:

46	 The analysis evaluates primarily the useful life of  projects without 
major investments for operations and maintenance. Thus it was 
not feasible to predict future reinvestments and cash flows of  a 
project after 30 years.

Water resources sector
Irrigation (dam, derivation, harvesting, and ■■

undersurface)
Treated water supply (dam, wells, and superfi-■■

cial water catchment)
Flood control (hydraulic control and territorial ■■

management)

Agriculture
Public research (ie: new crop varieties resistant ■■

to drought)
Extension services (ie: introduction of  new ■■

farming techniques)
Rural roads■■

Irrigation techniques (on cultivated land area)■■

The cost-benefit analysis was applied to a set 
of  adaptation option in terms of  financial val-
ues (market values) and in socioeconomic terms 
(shadow price). The analysis integrated climate 
change variables (temperature and precipitation) 
under dry (worst case scenario) and no-change 
climate scenarios47. Results were interpreted for 
these two climate scenarios.

47 	 At the moment of  this analysis data from the wet scenario was 
not available. The dry scenario was considered the worst case 
scenario as “drought “ as it remains one of  the biggest challenges 
for Bolivia to be resolved in the high altitudes.

Cost-benefit Analysis 
of Adaptation 
Investment Options
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The cost-benefit analysis consisted of  the follow-
ing steps:

1. Estimation of  investment cost at the 
project level

Itemization of  the physical, engineering, and/■■

or biological components of  each project
Quantification of  the physical amounts of  ■■

materials for each item that will be used in 
the course of  implementing the investment 
project
Estimation of  the market value for each ■■

component (both in financial and economic 
terms)

2. Estimation of  avoided damages for 
each investment project

Identification of  all possible outcomes (avoided ■■

damages or benefits) from the implementation 
of  the investment alternative

Quantification of  each outcome in physical ■■

units
Valuation of  each outcome both in financial ■■

and economic monetary terms (that is, at mar-
ket and shadow prices)

All evaluated projects had positive socioeco-
nomic analysis results (Table 23 below). This 
suggests that the projects are robust for any cli-
mate scenario and public investment in these 
areas is quite justified for the region. Similarly, 
all water projects (for irrigation use and flood 
control) also were positive as crop production 
on the particular irrigation area is expected to 
increase significantly if  water provision is avail-
able, at least during the most critical phenologi-
cal stages. These results are in agreement with 
the agriculture and water resources analysis pre-
sented before.

Table 23 Cost-Benefit Analysis of Adaptation Measures in the Agriculture 
and Water Resources Sectors

Project Name

Economic 
Analysis

Beneficiaries

Economic Analysis  
Baseline

Economic Analysis  
with Climate Change  

(dry scenario)

Investment 
Costs

Net actual 
value IRR

Net actual 
value IRR

WATER ADAPTATION  PROJECTS

Potable Water distribution 
Sapecho

3,440,553 2,199 
Persons

3,428,089 24.0% 3,331,530 23.95%

Potable Water System San 
Pedro de Cogotay

408,345 140 Persons 8,105 12.91% 2,916 12.76%

Wells drilling Chapicollo 317,136 50 Families 187,383 17.35% 151,686 16.83%

Flood Control Caranavi 4,052,215 528 Houses 2,658,043 21.5% 2,658,043 21.5%

AGRICULTURE  ADAPTATION PROJECTS

Irrigation Dam San Pedro 
Aiquile

11,476,499 147 Ha. 2,583,295 15.74% 4,195,411 17.61%

Dam restoration Tacagua 313,623,524 907 Ha. 
(incremental)

(184,275,594) 2.65% (171,580,897) 3.46%

Elevation of dam wall  
Tacagua Dam

120,457,550 907 Has. 
incremental

9,705,456 14.02% 21,563,503 15.66%

Irrigation by Derivation 
Buen Retiro Sur Paraisito

3, 686,740 178 Has. 17,260,185 71.02% 14,874,454 63.01%

Small water catchment 
“Atajados” Aiquile

1,951,407 32 Has. 115,778 13.94% 347,000 16.41%
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In the agriculture and water resources studies, 
results suggest that the Altiplano will be favored 
by increased temperatures, while the oriental 
and Chaco zones will be negatively affected by 
increased temperatures and a reduction in pre-
cipitation. These results are in accordance with the 
spatial distribution of  the selected projects, where 
depending on the area, the IRR is reduced due to 
these regional impacts. The agriculture projects 
show an increase of  the IRR under climate change 
in the highland zones. This suggests that cur-
rent planned investment in agriculture and water 
resources continue to be robust to climate change, 
at least under extreme condition. Thus, adaptation 

measures in Bolivia represent primarily good devel-
opment strategies under climate variability. 

The cost-benefit analysis presented above repre-
sents an example of  the use of  an improved eco-
nomic tool for the evaluation of  investment projects 
under a changing climate. However, the selection 
of  projects is limited due to the availability of  a 
narrow selection of  projects (mostly water projects 
in the rural area), which do not include large infra-
structure projects and urban areas. A detailed cost-
benefit analysis is an important input to be used 
in the process of  sequencing and prioritization of  
different investment adaptation options.
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Selection of Robust 
Strategies

The development of  the Investments Planning 
Tool (Mixed Integer Mathematical Programming 
Model - MIP) is an example of  investigation into 
the possible effect of  climate change on irrigation 
development in Bolivia, identified as a major adap-
tation need in the agriculture, water resources, and 
social components of  the study. The development 
of  the case study intends to evaluate the effect of  
a changing climate on decisions to make durable 
investments. In particular, the model developed for 
this study permits the investigation of  the effect on 
investment of  (1) a budget constraint, (2) a decision 
to centralize or decentralize the investment deci-
sions, and (3) the impacts of  climate change. The 
results of  this study are illustrative of  the major 
issues. The watershed planning model developed 
for this investigation is also intended to become 
a practical, useful planning tool for the Bolivian 
authorities, to be refined and updated as additional 
climate and watershed data become available.

The watershed

The Mizque watershed is a sub-watershed of  the 
Rio Grande macro-watershed, which has been 

identified as one of  Bolivia’s watersheds most 
vulnerable to climate change. This vulnerability 
is due both to the existing level of  poverty in the 
watershed (Cedeagro 2005, Pronar 2005) and to 
higher expected impacts from droughts. The study 
results on water resources (Annex1) identifies the 
larger Mizque Basin (as defined in the National 
Watershed Plan) as being one of  the more vul-
nerable in the country. However, its vulnerabil-
ity is mainly due to a high proportion of  people 
without access to water and sanitation, and its 
vulnerability to floods and droughts. It is a par-
ticular hot-spot when analyzing the urban sector 
due to high competition for water with irrigation. 
As part of  the National Water Basin Promotion 
Program (PPPNC), the Ministry of  Sustainable 
Development and Planning prepared the Inte-
grated Management Plan for the Rio Mizque 
Watershed (Annex 3). The Rio Mizque watershed 
of  the PMIC-Mizque is the downstream part of  
the larger Mizque watershed. The PMIC-Mizque 
study, published in 2005 (Annex 3), provided the 
background data for this study. These data include 
an inventory of  potential irrigation projects along 
with their costs and principle characteristics, as 
well as a water balance by sub-basin. 

In order to explore the effect of  climate change on 
the economic and physical viability of  the irrigation 

Methodology Investment 
Planning Tool (MIP)  
for the Selection of Adaptation Options 
under Future Climate Uncertainty
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projects identified in the PMIC-Mizque study, the 
data were projected forward to 2090 (to allow 
model to readjust beyond 2050) and combined 
with 2090 climate projections to generate a mixed 
integer programming model. This model simulates 
the decision process of  a planner who invests in 
irrigation programs through time to maximize the 
benefits they provide to the residents of  the water-
shed. His/her investment choice is constrained 
by financial resources and water resources. Three 
different annual budget constraints are explored; 
$2 million, $4 million, and $6 million. Any money 
not spent can be saved (at the social discount rate) 
and accumulated for the future. As irrigation must 
compete with potable water and water for animals, 
two policies are explored: (1) decentralization of  
budgets to the sub-basin level vs centralized Miz-
que watershed-level watershed planning, and (2) 
maximizing the number of  families receiving irri-
gation vs maximizing the economic benefits from 
irrigation.48 The model was run under three cli-
mate scenarios, “wet,” “dry,” and the current cli-
mate.49 These rainfall regimes correspond to those 
discussed in section 5 above.

Exploring the effect of  budgetary decentralization 
was considered a high priority in the face of  the 
potential conflict between the well-known benefits 
of  watershed-level management and Bolivia’s new 
policies to support budgetary decentralization. One 
of  the objectives, therefore, was to see how important 
the possible tradeoff  between maximizing overall 
watershed benefits and decentralized management 
might be, and how it might be minimized.

48	 Benefits are maximized at a 0% discount rate and 6% discount 
rate.

49	 Present supply levels were reported by the PRONAR study. In 
order to determine CC scenarios and changes in water avail-
ability, present and future annual runoff  values for the Mizque 
basin were determined using CLIRUN-2 software. Data from 
17 GCMs were analyzed and dry and wet scenarios were chosen 
as a function of  the highest decrease and increase in runoff  
respectively. Those turned out to be the GFDL 2.1 model as the 
wet scenario with an expected increase in annual runoff  of  16 
percent; and the CCCMA model for the dry scenario with a 24 
percent decrease in annual runoff  for 2050. These two percent-
ages were applied to the present supply reported by sub-basin in 
order to obtain future annual runoff.

Data 

The data for this study were provided by the 
PMIC-Mizque study. This study provides the 
following, which were used by the current adap-
tation study: (a) a water balance for the 22 sub-
basins in the watershed; (b) projections of  future 
water demand up to 2014; (c) identification of  74 
potential irrigation projects in the watershed; (d) 
investment cost, number of  families benefited, 
and additional irrigated hectares for each project; 
(e) cropping patterns and water demand by crop-
ping pattern in each sub-basin; and (f) cash-flow 
by cropping pattern in each sub-basin.50

Methodology

The methodology for the Investment Planning 
Tool was designed using development plans for 
the Mizque Watershed by the National Water-
shed Plan (Plan Nacional de Cuencas, PNC). The 
use of  the official data provides an opportunity to 
validate and evaluate identified potential projects 
under the new climate change constraints. This 
represents a plausible way of  integrating adapta-
tion to climate change into development plans 
in regard to the prioritization and sequencing of  
projects within a planned portfolio, but taking a 
changing climate into consideration.

As described above, a mixed integer mathemati-
cal programming model (MIP) was constructed 
to extend the PMIC-Mizque study to a 50-year 
future time horizon and to put it into an optimiz-
ing framework.51 This framework permits the 
model to choose the optimal investment program 

50	 For several crops in the water balance table, net revenue was 
not available. For these (minor) crops, net revenue was estimated 
based on closely related crops for which information was avail-
able, following consultation with Bolivian agricultural experts.

51	 The study’s time horizon was 90 years. This was considered 
necessary to adequately consider investments that would be made 
over the next 50 years. This is the case because projects were 
considered to have a 20-year life with the option to reform them 
at half  the cost for an additional 20 years. Thus any project built 
in 2050, for example, would be considering possible benefits up 
to 2090.
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over the 50 years under (1) varying budgets, (2) 
two different decentralization policies, and (3) dif-
ferent objectives to be maximized—overall social 
benefits and number of  participating families. 
Through the application of  the model, the study 
evaluates the effect of  climate change on the gov-
ernment’s future investment program as identi-
fied by the PMIC-Mizque study. This required 
assembling the PMIC-Mizque data to create 74 
investment projects. Each investment project has 
an initial investment cost, future operations and 
maintenance (assumed at 1 percent per year of  
initial investment) and net farmer revenue. Each 
project also requires a quantity of  irrigation water 
as determined by the cropping pattern in the sub-
basin. New irrigation projects in each sub-basin 
must compete for water with existing irrigation 
projects, potable water, and livestock. Available 
water is adjusted for climate change. UN projec-
tions are used as the basis for projected urban 
and rural population growth rates to 2050. Three 
climate scenarios are investigated; a baseline 
scenario that projects current climate and water 
availability forward, and a wet and dry scenario. 
Combing the project investment costs, cropping 
(net) revenue, and an assumed O&M cost of  1 
percent, the 74 potential irrigation projects yield 
the distribution of  internal rates of  return (IRR) 
shown in Figure 18.

As shown in Figure 18, of  the 74 projects, 65 have 
a social rate of  return52 greater than 0 percent 
and 47 have a social rate of  return greater than 6 
percent. Investment in an irrigation project may 
be made in any year between 2010 and 205053. 
Projects are assumed to have a 20 year life after 
which they may (optionally) be refurbished at a 
cost of  40 percent of  the initial investment. Invest-
ing in a project creates the option to irrigate. If  

52	 “Social rate of  return” means the return on all costs and benefits, 
to whomever they may accrue.

53	 To permit investment in the end of  the period, which will only 
benefit following 2050, the model was optimized with a planning 
horizon to 2090. For the climate scenarios the transition from the 
current to the2090 climate was assumed linear based on the 2050 
projection. 

sufficient water is not available the irrigation sys-
tem may be operated below capacity. However, 
the economic decision to construct the irrigation 
project takes this under-use into account at the 
time of  the investment decision.

Simulations explore the effect of  climate change 
within the context of  (1) the tradeoff  between 
the number of  families directly benefited and the 
national social benefits, (2) different budget con-
straints ($2, $4, and $6 million per year), and (3) 
differing social discount rates (0 percent and 6 
percent), and (4), a decentralized and a central-
ized budgetary policy. As illustrated in Figure 18, 
at a 0 percent discount rate, 65 of  the 74 proj-
ects are economically viable. At a 6 percent dis-
count rate, the number of  viable projects reduces 
to 47. The budget constraint serves to ration the 
number of  projects that can be built in any given 
year. Savings are permitted (at the discount rate) 
to permit the accumulation of  resources to afford 
large projects. In all, the runs reported the budget 
constraint permits implementing all the projects 
over the 40 years. A tighter budget constraint sim-
ply slows the rate of  implementation.

Identification of Climate-Resilient 
Investment Alternatives:  
Example of the Mizque Watershed 
and Irrigation Case Study

These include an inventory of  potential irri-
gation projects along with their costs and 

Figure 18 Distribution of  
calculated Internal Rates of  
Return (IRR) on 74 irrigation  

PRONAR projects
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principle characteristics, as well as a water bal-
ance by sub-basin. In order to explore the effect 
of  climate change on the economic and physi-
cal viability of  this potential investment pro-
gram, the data were projected forward to 2090 
and combined with 2090 climate projections to 
generate a mixed integer programming model. 
This model was then used to explore the effect 
of  climate under various climate, policy, and 
budget scenarios.

Effect of  climate change. Relative to the 
current climate, the effect of  the “dry” climate 
scenario is to reduce potential social benefits of  
the PMIC-Mizque irrigation program by 3–5 
percent. The effect of  the “wet” scenario is to 
increase benefits by 1–3 percent. The effect on 
the number of  families benefited is very similar. 
These results vary somewhat at different levels of  
the budget constraint and between the two water-
shed management policies (decentralized and 
centralized).

Effect of  decentralized management. A 
policy of  decentralized investment was simulated 
by imposing budget restrictions at each subwa-
tershed rather than at the level of  the Mizque 
watershed as whole. These subwatershed bud-
gets were calculated to keep per capita invest-
ment equal across all subwatersheds. A policy 
to decentralize budgets to the sub-basin level 
reduces potential benefits significantly more than 
climate change. This is true whether the objec-
tive is to maximize national social benefits54 or 
to maximize the number of  families benefit-
ing.55 The effect of  decentralizing the budget to 
the subwatershed level is to reduce social ben-
efits and/or number of  families directly benefit-

54	  Net social benefits are equal to the net present value over the 
50-year horizon of  the net farmer revenue from new crops 
brought into production through irrigation, minus investment 
and maintenance costs of  new irrigation structures. 

55	 The objective of  maximizing the number of  families benefiting 
does not look at the economic cost and benefit of  the projects. It 
simply maximizes the number of  families that can get irrigation 
at each budget constraint and decentralization regime. 

ing from the projects by between 2 percent and 
30 percent. This effect is least when the bud-
get constraint is loose (there is more money to 
invest) and where projects must pass a stricter 
cost-benefit test. It grows as the budget con-
straint tightens and the cost-benefit criteria are 
loosened. With a tight budget and loose criteria 
for the quality of  projects, decentralized budget-
ary management permits poor projects in one 
sub-basin to be built, even though much better 
projects cannot be built due to lack of  resources 
in other sub-basins. This effect diminishes as the 
budget constraint is loosened, because both the 
good and poor projects get built. It also dimin-
ishes with a more demanding cost-benefit test, 
because poor projects get screened out of  all 
sub-basins. Imposing a cost-benefit test equiva-
lent to a 6 percent rate of  return (using a 6 per-
cent discount rate) keeps the social benefits of  
the decentralized policy within 5 percent of  the 
centralized policy. However, under a tight budget 
and a policy to maximize employment (instead 
of  maximizing social benefits), decentralized 
management reduces the number of  families 
receiving irrigation by nearly 20 percent. 

There are two important qualifications to the 
generality of  these results. First, the decentral-
ized policy simulated was one where sub-basins 
population could only spend their budget on the 
PMIC-Mizque projects. Had a wider range of  
projects been available, including projects other 
than irrigation, the results could have been very 
different. Second, in the Mizque basin no inter-
basin water conflict emerged under any of  the 
scenarios. Had upstream-downstream water con-
flict emerged the need for basin-wide planning 
would have been greater. In the Mizque basin, 
conflict existed over financial resources only. Had 
conflict emerged over water also the difficulty 
in identifying tradeoffs between centralized and 
decentralized policies becomes much greater. 
Optimization models of  the type illustrated in 
this study can be extremely useful tools for explor-
ing the relative benefits of  alternative constrained 
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decentralization policies; that is policies which 
permit decentralized decision-making, but within 
the context of  rules established by basin-wide 
management principles.

Effect of  climate uncertainty. Despite the 
Mizque river watershed being in a macro water-
shed considered vulnerable to climate change, 
this study found that most of  the potential irri-
gation investment in the Mizque river water-
shed is robust to climate outcomes. This is the 
case because major vulnerability problems are 
upstream and relate to urban water supply, san-
titation, and threats of  floods and droughts. This 
analysis suggests that farther downstream in the 
Mizque River watershed of  the PMIC-Mizque 
study, annual rainfall would remain sufficient for 
nearly all the irrigation projects identified in the 
PMIC-Mizque study, assuming sufficient storage 
was built as part of  the program.56 Seventy-four 
potential projects were identified by PMIC-Miz-
que in sixteen of  the twenty-two sub-basins of  
the Mizque river watershed. Of  these sixteen 
sub-basins, only three experience water scar-
city prior to 2050—even under the “dry” sce-
nario. Two of  the water-constrained sub-basins 
contain a total of  three potential projects—all 
of  which are viable and robust under all three 
climate scenarios. This leaves eight projects in 
the third water-constrained sub-basin (Tipa-

56	  It was not possible to make this assessment as part of  this study. 
This issue should be investigated in subsequent work. The 
model framework of  this study provides an ideal tool for this 
investigation.

jara) that are sensitive to climate uncertainty. Of  
these, only one project is robust to all three cli-
mate scenarios (at a discount rate of  6 percent), 
with three projects robust to two out of  the three 
climate outcomes. 

Lastly, it is important to note that the original 
intent was to use the Bolivia study to do a much 
more ambitious exercise—to use the same math-
ematical modeling to identify the economically 
optimal timing of  different adaptation projects, 
in different sectors, all competing for resources 
from a constrained budget. As this more ambi-
tious exercise started, the team immediately was 
confronted with an immense requirement for 
data, including the costs of  projects, and this 
proved unfeasible. The challenge to use similar 
approaches to determine the optimal timing of  
adaptation projects remains.

Model Analysis

The effect of climate on the  
watershed investment program

The effect of  climate change on the social ben-
efits of  the PMIC-Mizque watershed investment 
program are shown in Table 24 below.

Table 24 shows the effect of  optimizing the 
social benefits of  Mizque irrigation assuming a 

Table 24 The Effect of Climate Change on Social Benefits of the Pronar 
Investment Program in the Mizque Watershed

(6% discount rate,  NPV in $ millions)
Budget constraint ($ million/yr)

6 4 2 6 4 2

Climate Scenarios Centralized budget and management Decentralized budget and management

wet 15.7 15.6 15.3 14.6 14.0 12.6

baseline 15.5 15.4 15.1 14.4 13.8 12.4

dry 15.0 14.9 14.6 13.9 13.3 11.9
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6 percent social discount rate.57 The effect of  
the dry climate scenario is to reduce the value 
of  the investment program by 3 to 4 percent in 
all the budget scenarios, while the effect of  the 
wet scenario is to increase the benefits by 1 per-
cent. The difference in the benefits due to climate 
change is due to the difference in water availabil-
ity in the Tipajara sub-basin, as discussed in the 
section below entitled “How welfare is lost.” The 
effect of  a policy of  decentralized management 
and budgeting is considerably more important 
than of  climate change. With a $2 million budget 
constraint, its effect is to reduce watershed ben-
efits by 7 percent. This loss in benefits grows as 
the budget constraint is loosened. At a constraint 
of  $6 million annually, the differences between 
scenarios under a centralized and decentralized 
policy reach approximately 18 percent. Similar 
results obtain optimizing at a 0 percent discount, 
except the effect of  decentralized management is 
more pronounced.

The impact of budget, climate, and 
decentralization policy.

Figures 19 trough 21 illustrates the relative 
importance of  budget, climate, and decen-
tralization policy. For each scenario the curve 
(traced by the symbols) represents the best pos-
sible combination of  social benefits and families 
served.58 Thus for example, the curve traced by 
the green diamonds in Figure 18 represents the 
best combination of  social benefits and number 
of  families employed that can be achieved under 
the wet climate scenario with a centralized bud-
getary policy and with a budget of  US$ 6 million 

57	  The Net Present Value (NPV) of  the investment program is 
equal to the sum of  all the net benefits in each year over the 
50-year planning horizon discounted back to the present:

	 NPV= 

	 where Bt and Ct represent the benefits and costs of  investing and 
operating the irrigation systems in each year, t is the year (1–50), 
and r is the social discount rate applied.

58	  It is important to note that these graphs are shown in undis-
counted terms. That is, the Net Present Values shown are the 
simple sum over the 50 years of  the cost and benefits of  all 
projects included in the solution.

∑ 50 (Bt - Ct)
(1+r)tt=1 

Figure 19 Tradeoff between Social 
Benefits and Families Affected  
(estimated budget=$6 million)

Figure 20 Tradeoff between Social 
Benefits and Families Affected  

(budget=$4 million)
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per year. The upper leftmost triangle represents 
the highest social benefits achievable under this 
scenario, giving no weight to number of  families 
reached. This is slightly under $140 million in 
social benefits and approximately 62,000 fami-
lies reached. The lower rightmost triangle on 
the other hand represents the combination of  
social benefits and families reached that would 
be achieved giving no weight to social bene-
fits—focusing exclusively on number of  fami-
lies reached. Thus as shown by the figure if  one 
maximized only the number of  families reached 
and gave no weight to the social economic ben-
efits, the number of  families reached with new 
PMIC-Mizque irrigation projects would be 
approximately 74,000 families at social benefits 
of  slightly over $90 million. Between the point 
that maximizes social benefits on the upper left 
and that which maximizes families reached on 
the lower right lie the other points on the curve 
generating the “possibilities frontier” of  the best 
combinations of  families reached and social 
benefits (in this wet climate, centralized budget-
ary policy and $6 million budget scenario).

Figures 19, 20 and 21 similarly trace the possi-
bilities frontier for a dry, wet, and baseline sce-
nario for both a centralized and a decentralized 
budgetary policy—yielding a total of  6 scenarios 
in each figure. Figure 19 shows the “possibilities 
frontiers” for a budget allocation of  $ 6 million 
per year, while Figures 20 and 21 do the same 
for budgets of  $4 million and $ 2 million, respec-
tively. Looking at the three figures two major 
points stand out. First, regardless of  the climate 
regime, centralized watershed management yields 
higher national social benefits and a larger num-
ber of  direct beneficiaries than does a decentral-
ized regime. Note for example, that in each figure 
the possibilities frontiers for all three climate sce-
narios for the centralized regime are always above 
and to the right (higher social benefits and more 
families benefiting) of  the possibilities frontiers for 
the decentralized regime. In other words whether 
one wants to maximize social benefits or the 

number of  families receiving irrigation benefits, 
watershed-wide planning will always yield higher 
benefits than decentralized budgeting, and this 
policy effect is more important in magnitude than 
the effect of  climate change.

Second, this effect becomes more pronounced as 
resources become more limited. This can be seen 
by comparing figure 19 (based on a budget of  $ 
6 million per year) with Figure 21 (illustrating a 
budget of  $2 billion per year). With a $6 million 
annual budget, the difference in the maximum 
social benefits between the centralized and the 
decentralized regime (for a given climate regime) 
are typically around $10 million; for the $2 mil-
lion budget, the difference becomes $30 million.59 

59	 This compares the vertical distance between the upper left most 
points on each climate scenario.

Figure 21 Tradeoff between Social 
Benefits and Families Affected 

(budget=$2 million)
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Similarly for the number of  families potentially 
affected, the difference in beneficiaries between 
the two policy regimes grows from some 100,000 
families with a $6 million budget to some 150,000 
families with a $2 million budget.60

Figures 22 and 23 illustrate the relative impor-
tance of  policy, budgetary resources, and climate 
for the baseline and dry climate scenarios. For 
both scenarios all centralized budget choices 
produce higher benefits than do the decentral-
ized budget choices. That is, even the $2 mil-
lion/yr budget administered through centralized 
budget watershed management would produce 
higher benefits than the $6 million/yr budget 
administered at the sub-basin level. Comparing 
the two figures permits an idea of  the effect of  
the budget constraint. For example, to maintain 
the $130 million social benefits achievable under 
the current climate (Figure 22) with a $2 mil-
lion/yr budget constraint would require US$ 4 
million/yr under the “dry” climate regime (Fig-
ure 23). 

It should be noted, however that this does not 
mean that the cost of  maintaining US$4 mil-
lion of  social benefits under the “dry” sce-
nario would be twice the cost of  that under the 
baseline scenario. The budget constrains the 
annual budget allocation (which can be saved 
or spent), not the total that can be spent over 
the 40-year investment time horizon. In fact, 
the undiscounted total investment in construct-
ing and refurbishing irrigation projects was 
essentially equal for the optimal program under 
the two climate scenarios. The difference is 
that to equate benefits under the two scenarios 
requires the dry scenario to produce significant 
additional irrigation at the beginning of  the 
period. This additional irrigation early in the 
period compensates for lost irrigation at the end 
of  the period, thereby permitting benefits to be 

60	 This compares the horizontal distance between the lower right-
most points on each climate scenario.

Figure 22 Baseline Scenario
(current climate in 2090)
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Figure 23 Future Climate in 2090 
under a Dry Scenario
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Figure 24 How Social Welfare is restored (centralized management,  
0% discount)
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equated between the baseline and dry scenar-
ios. In order to make this additional irrigation 
early, the budget constraint must be relaxed for 
the “dry” scenario. 

How Welfare is Lost

Note that all welfare loss under the dry climate 
scenario (as captured in this study) is due to 
reduced irrigation potential in the Tipajara sub-
basin. Figure 24 illustrates the path of  irrigation 
development in the sub-basin (under the three 
climate scenarios). 

Under the “baseline” and “wet” scenarios with 
a US$ 2 million (annual) budget the authori-
ties would construct immediately 3 projects, 
Montecillos (p58), Puca pila (p59), and Tipa 
Tipa (p62) (note projects p55-p62 are in sub-
basin 19) raising irrigated area from 13,000ha 
to 16,000ha. Under the wet climate scenario 
additional projects are built throughout the 50 
year period as made possible by additional water 
availability. Under the dry climate regime on the 
other hand, two projects are built-- Tipa Tipa 
(p62) and Kurumayu (p56). 

While these projects initially increase irrigated 
area to 14,000 ha, starting in 2021 water shortages 

begin to prevent both projects from operating at 
full capacity, as shown in Figure 25. 

Figure 25 shows the evolution of  projects 56 and 
62 under the dry scenario. While current water 
availability permits both projects to operation at 
full capacity, shortages begin to emerge in year 
11 (2021) when at least one of  the projects is 
forced to reduce irrigated area. The “boom-bust” 
capacity utilization produced by the model illus-
trates dramatically the potential for serious water 
conflict. Good institutions could ensure a more 
equitable division of  the remaining water—and 
a smooth transition to other employment. Note 
that in year 31 the projects built by the program 
have run out of  water.

How Welfare is Restored

It is important to understand in detail how 
welfare is restored by increasing the budget for 
irrigation projects. As will be shown, the sense 
in which “welfare is restored” is quite narrow. 
In Figures 26, the Mizque watershed level ben-
efits are restored through relaxing the budget 
constraint (from US$ 2 million to $4 million) 
for the dry scenario. A relaxed budget permits 
more rapid irrigation development in sub-
basins not experiencing water shortages. By 
implementing projects earlier project benefits 
are available for more years, compensating (in 
numerical terms) for the losses to accrue in the 
Tipajara sub-basin from 2021 onwards. Com-
paring the implementation of  projects across 
the three climate regimes (Figure 26) reveals 
that, in order to compensate, the projects in the 
dry watershed are implemented prior to the 
projects in the baseline watershed. 

For these benefits to actually translate into res-
toration of  benefits for the inhabitants of  the 
Tipajara sub-basin however, it would require 
significant institutional innovations.

Figure 25. Capacity Utilization  
of Projects 56 and 62 under  

Dry Scenario
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The Effect of Discounting

The analysis above was done in undiscounted 
terms. This means that future benefits and costs 
receive weights equal to current benefits and 
costs. The most important effect of  imposing 
a discount rate greater than 0 discounting is to 
exclude all projects for which the IRR is below 
the discount rate. This concept is especially 
important for evaluating if  resources would be 
better spent on irrigation development in the 
Mizque basin or spent elsewhere in Bolivian 
society. For the purpose of  this study, we have 
assumed that this social opportunity cost of  cap-
ital is equal to 6 percent.

How does discounting change  
the above analysis?

As shown in Figure 18, requiring a 6 percent rate 
of  return on projects reduces the number of  eligi-
ble projects to 47. This can be seen by comparing 
the number of  projects implemented in Figures 

24 and 27.61 Eliminating projects with an IRR 
less than 6 percent nearly halves both the number 
of  families served by additional irrigation and the 
number of  additional acres brought under irri-
gation. Despite the reduced number of  eligible 
projects, it now takes a more rapid cash flow (Fig-
ure 28) in the beginning of  the period to build 
the projects necessary to compensate for losses 
as climate change reduces water availability—$6 
million compared to $2 million in the 0 percent 
discount case above.62 This (probably unrealisti-
cally) requires that 37 projects be built in the first 
year and the remainder in the second year.

The primary purpose of  this analysis is to dem-
onstrate the usefulness of  an intertemporal opti-
mization approach to investment analysis under 

61	 As stated above, the logic of  using this discount would be that at 
a rate of  return below 6 percent the investment resources would 
generate more social benefits if  invested outside of  irrigation in 
the Mizque watershed. 

62	 As shown in Figure 27 with a 6 percent discount rate a $6 million 
budget in the dry scenario produces roughly the same social 
benefits as a $2 million budget in the baseline scenario (an NPV 
of  15.0 vs 15.1) 

Figure 26 Cash flow of Investment Programs having Equal Social Benefits 
(dry scenario, 0% discounts)

BASELINE SCENARIO: US$ 2 MILLION 
BUDGET CONSTRAINT: EXPENDITURES 

(1000 USD)

DRY SCENARIO: US$ 4 MILLION BUDGET 
CONSTRAINT: EXPENDITURES (1000 USD)

REFURB BUILD MAINT BUDGET
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Figure 27 Restoring welfare (centralized management, 6% discount)

TOTAL PROGRAM BENEFITS
Social Benefits  
(number of projects) 15.0 15.1 15.3

Families  
(number of people) 277,618 287,387 298,479

Irrigated Area (has) 644,324 659,195 674,777

PROJECT IMPLEMENTATION, 
US$ 6 MILLION, 6% DISCOUNT

BASELINE: US$ 2 MILLION
PROJECT IMPLEMENTATION, 

6% DISCOUNT

WET:  PROJECT  
IMPLEMENTATION,  

US$ 2 MILLION, 6% DISCOUNT
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climate change. Clearly, further modification 
would be required before this model could actu-
ally be employed by the planning authorities. 
First, for many of  the projects further analysis 
would be necessary. The Mizque Hydrological 
Plan study (Annex 3) documents the current 
status of  project preparation for these projects. 
Most are currently project ideas, with neither 
final project designs nor feasibility studies com-
pleted. In addition, as mentioned above, it is 
not clear whether additional storage would be 
required for these irrigation projects, or whether 
there is sufficient storage included in their cur-
rent design. Second, the treatment of  climate 
could be improved. Due to time limitations, cli-
mate change was incorporated in the model by 
linearly extrapolating the 2010–50 climate pro-
jection to 2090. More sophisticated treatment 
of  the 2050–90 period would be warranted in 
further work. Finally, additional investigation 
of  the budget constraint would be interesting. 
The budget constraints employed ($2, $4, and 
$6 million annually) probably permit an unreal-
istic number of  projects to be built in any given 

year, failing to take into account implementation 
capacity. Further analysis should explore imple-
mentation as well as financial constraints.

Limitation inherent to economic analysis 
of  climate change
Other limitations, inherent to any economic 
analysis of  climate change, are highlighted by 
this case study. Most importantly is the notion of  
compensation. This study has taken the welfare in 
the Mizque watershed over the period 2010–20 as 
the unit of  analysis. It has restored welfare losses 
caused by climate change by providing additional 
financing to construct additional irrigation. While 
this additional irrigation was constructed in the 
Mizque watershed, it was constructed prior to the 
water shortages emerging, and in areas other than 
those suffering from water shortages. For this com-
pensation to actually reach the families directly 
affected by water shortages, it requires that mech-
anisms be put in place to either move these fami-
lies to the benefiting areas or to move the benefits 
to the affected families. What this study has been 
able to do is to identify the vulnerable population 

Figure 28 Cash Flow of Investment Programs having Equal Social Benefits. 

BASELINE SCENARIO: US$ 2 MILLION 
BUDGET CONSTRAINT: EXPENDITURES 

(1000 USD)

DRY SCENARIO: US$ 6 MILLION BUDGET 
CONSTRAINT: EXPENDITURES (1000 USD)

REFURB BUILD MAINT BUDGET
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(those residing in the Tipajara sub-basin) and to 
identify how, though building additional irriga-
tion projects, the Mizque watershed can maintain 
its potential productivity over the time horizon. 
What the study cannot do is identify the mecha-
nisms though which the Mizque watershed com-
pensates the populations directly affected.

It is noteworthy, for example, that (in order to 
maximize social benefits from irrigation) the model 
invests in two projects in Tipajara sub-basin in 
2011 only to start to phase them out as shortages 
emerge in 2021. Having identified that the popu-
lation in the Tipajara sub-basin is vulnerable to 
water shortages, a more farsighted policy might be 
to seek alternatives to irrigation for this population 
rather than to make short-term gains from unsus-
tainable (even if  profitable) new projects. 

Conclusions for the Investment 
Planning Tool	

Specifically, the study investigated the effect 
on climate change on a program of  irrigation 

development in Bolivia’s Mizque watershed. Sev-
eral conclusions emerge. First, the effect of  cli-
mate change on irrigation development appears 
to modify the original development plan, in par-
ticular for the Tipajara sub-basin. This invest-
ment should be considered due to a water deficit 
estimated in 2021. Second, under the worst-case 
scenario (dry) the effect of  climate change in 
this sub-basin reduces the return on PRONAR’s 
potential investment program by approximately 3 
percent. And third, this reduction is less than that 
which would occur should investment decisions 
be decentralized to the sub-basin level rather than 
maintained at the overall watershed level. 

The study has identified the most vulnerable popu-
lation, and how to restore watershed-level benefits 
to their baseline (without climate change) levels 
through accelerated investment. While highlight-
ing the problem of  the vulnerable population, this 
study has not identified mechanisms to ensure that 
additional watershed benefits reach those suffer-
ing directly from water shortages. This problem 
is inherent to, and an important limitation of, 
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economic studies that aggregate across space and 
over time. The higher the level of  aggregation the 
more important the problem becomes. 

The study has illustrated the advantages and dis-
advantages of  this type of  planning model for cli-
mate change analysis. The major advantages are 
that it permits a detailed comparison of  invest-
ment alternatives and the potential effect of  cli-
mate change upon them—and does so within an 
intertemporally optimal (planning) framework. 
While not fully exploited in this study due to the 
relatively simple nature of  the water constraint 
that emerged from the study (effectively restricted 
to a single sub-basin), the method also permits 
exploring the robustness of  alternative investment 
strategies to possible climate outcomes. For many 
applications this ability to explore robustness is 
critical, especially in view of  the uncertainty over 

possible climate outcomes. Optimization models 
of  the type illustrated in this study can also be 
extremely useful tools for exploring the relative 
benefits of  alternative constrained decentraliza-
tion policies; that is policies which permit decen-
tralized decision-making, but within the context 
of  rules established by basin-wide management 
principles. The major disadvantage is that they 
require good project level data and a good char-
acterization of  the effect of  climate change on 
projects, which are not generally available. We 
doubt that there is any serious way to improve the 
quality of  long-term investment planning under 
uncertainty without the quality of  data that were 
available for this study, however. This is an argu-
ment for many more preliminary investment stud-
ies of  the type done by Pronar and Cedeagro in 
the PMIC-Mizque study, which formed the basis 
for the current work.
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Social Dimensions of  
Climate Change

Rural and indigenous communities have a long 
and rich history of  systematic observation of  the 
climate; indeed their survival depends on this 
capacity. Climate change and increasing climate 
variability mean that many of  the climatic indi-
cators used by these communities are becoming 
less effective. However, community workshops 
revealed that due to an increasing inability to 
predict weather patterns, people are in need of  
new indicators to diagnose and predict future 
variability. Based on their climate observations 
over the past twenty to thirty years, all com-
munity members that participated in the study 
believe that future climate scenarios will be char-
acterized by higher temperatures; water scarcity; 
more irregular rainfall; and a shorter but more 
intense rainy season. 

Communities in the valleys and highlands put the 
highest priority on adaptation measures related to 
water management, followed by improved agricul-
tural and livestock practices. They view drought 
as the principle threat to their livelihoods. In con-
trast, communities from the Chaco and plains 
regions asserted that improved agricultural prac-
tices were most important and considered water 

management measures to be of  secondary signifi-
cance. Annex 5, an analysis of  social dimensions, 
provides more detail on the adaptation measures 
prioritized by type and community. In addition, 
results demonstrate that communities view adap-
tation strategies not as isolated measures nor as 
single projects but rather as a complex set of  
complementary measures that are comprised 
of  both hard and soft measures. Infrastructure 
investments will be insufficient if  complementary 
efforts are not made to promote capacity build-
ing, institutional development, and in many cases, 
fundamental transformation to underlying logic 
and livelihood strategies. In particular, adaptation 
strategies may imply major changes to production 
systems that will need appropriate technological 
and organizational adjustments as well. For this 
reason, understanding these adaptation measures 
as a hierarchy with a specific order of  execution 
is essential as some strategies will depend on the 
sustainable implementation of  others.

The following lessons for crafting adaptation poli-
cies can be extracted from the results of  commu-
nity-level investigation:

Past coping strategies and adaptation 
practices to climate variability and 
extreme events hold valuable lessons for 
future adaptation planning and should form 

Overall Conclusions 
and Lessons Learned
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the basis for adaptation policy formulation. Com-
bining traditional knowledge with new methods 
appears to be essential. Adaptation to climate 
change is not something new for indigenous com-
munities; they have developed livelihood systems 
in line with a changing, dynamic environment. At 
the same time, local authorities and communi-
ties may lack the technical knowledge needed to 
build resilience to climate change. Greater infor-
mation provision and capacity building initiatives 
on the impacts of  climate change and adaptation 
policies hold significant promise to increase the 
adaptive capacity of  local authorities, technical 
experts, and community members alike. 

Planning across scales of  governance, 
aligning interests, and ensuring policy 
cohesion will be necessary to ensure 
effective adaptation, particularly given 
Bolivia’s unique system of  decentraliza-
tion. Identification and prioritization of  adapta-
tion measures is a complex and delicate process 
that depends on various sources of  information, 
oftentimes based on a fragile negotiation process 
at the local level. Consequently, adaptation poli-
cies should be defined in a participatory manner 
respectful of  the existing processes at the local 
level that define investment priorities. It will be 
essential to effectively engage relevant commu-
nity members, as well as local authorities, in the 
development and adaptation planning process. 
For example, planning across scales of  gover-
nance is necessary for the formulation of  a clear 
and efficient normative framework to support 
community efforts for regulating access to forests 
and pastureland—a key adaptation measure for 
building resilience. Collaboration and coordina-
tion with local institutions, private organizations, 
and producer organizations will increase the 
effectiveness of  adaptation policies.

Municipal investments are identified and priori-
tized in community and municipal workshops in 
which civil society directly makes decisions. Prior-
itization of  public investments at the community 

level is complex and shaped by local power 
dynamics, which results in a fragile negotiation 
process that can be easily destabilized by external 
interventions. Respecting existing commu-
nity practices, which guide the prioritiza-
tion of  investments, may help facilitate 
the development of  adaptation policies. 

Agriculture

Although crop and climate models represent an 
oversimplification of  natural systems—and hence, 
should be interpreted with caution—they are the 
most current tools used to help evaluate trends 
and potential effects due to a changing climate. 
Under the specific assumptions of  this study, the 
effects of  climate change—an increase in the 
variability of  rainfall and in the occurrence of  
drought periods—could have important implica-
tions in the productive systems of  quinoa, maize, 
soybean, and potatoes. These expected changes 
can have important implications for the future 
sustainability of  agriculture in Bolivia. 

Investment in better water management will 
enhance the resilience of  Bolivian agriculture 
both to systematic changes in annual levels of  
rainfall and to greater year-to-year volatility in 
the rainfall patterns. Such investment would be 
desirable under most development strategies for 
a stable climate, so that climate change is likely 
to reinforce the benefits of  such investments. 
Similar observations apply to other investments 
in rural infrastructure, particularly for rural roads 
that can improve market access in existing and 
new areas of  cultivation. In both cases, the level 
and location of  investment must take account of  
changes in agricultural comparative advantage 
within the country, so investments are allocated 
to meet future patterns of  production rather than 
being based on historical patterns.

Analysis of  the potential effect of  climate change 
on crop yields revealed mixed results. Under a dry 
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scenario, crop yields are expected to decline if  the 
additional crop water requirements resulting from 
temperature increases are not covered. Study 
results suggest that low-altitude crops (mainly 
maize and soybean) will face yield declines of  up 
to 40 percent, mostly due to water shortages and 
hot spells during critical crop stages. Under a wet 
scenario with increased temperatures, the impact 
and vulnerability analysis of  climate change in 
the four crops suggests that crop productivity can 
be significantly increased; however, this result 
does not take into account the possibility of  events 
such as an increased incidence of  plagues, long 
periods of  dry spells, and flooding of  soils.

The projected increase in temperature can also 
be an opportunity to improve crop productivity if  
water is available in the critical phenological peri-
ods of  the crops. Improved irrigation can provide 
the appropriate amount of  water needed in periods 
of  increased crop water deficits and can be con-
sidered a suitable adaptation strategy to changes 
in climate conditions. This suggests that Bolivia’s 
agriculture sector would significantly benefit from a 
warmer and wetter climate. Under such a scenario, 
yields for maize and soybeans would increase 40 to 
45 percent, and potatoes and quinoa yields would 
increase 60 to 90 percent. The expected crop yield 
losses from a drier climate are lower than the gains 
from a wetter and hotter climate. Potential losses 
from a drier climate are projected to be approxi-
mately 25 percent for maize and 10 to 15 percent 
for soybeans, potatoes, and quinoa. These results 
are driven by the agricultural benefits of  a warmer, 
more frost-free climate. They suggest that rapid 
and timely implementation of  irrigation (at least at 
the initial phases of  crop development) would be 
even more attractive under a scenario of  climate 
change. These actions, along with crop insurance 
schemes, are starting to be considered within the 
new National Development Plan (2010–15). 

The diversity of  ecosystems and socio-eco-
nomic characteristics of  agricultural producers 
in Bolivia implies that any adaptation measure 

needs to be evaluated in relation to its produc-
tive environment. In the past, farmers with liveli-
hoods based on rainfed agriculture have adapted 
autonomously in a variety of  ways including 
building micro-scale irrigation and defense 
infrastructure to cope with floods; changing to 
new crop varieties; converting land used for live-
stock farming to land for cultivation; resorting 
to temporary labor migration; and engaging 
in the services sector. Subsistence farmers with 
low adaptive capacity have fewer possibilities to 
adapt due to lack of  resources. 

Decision-makers need to devise adaptation strat-
egies that include medium and long-term mea-
sures even if  they require larger investments up 
front. The introduction of  new crop varieties and 
improved management of  the existing variet-
ies is important to increase the resilience of  the 
agriculture sector to climate change. The sustain-
ability of  this strategy will depend on the suc-
cessful implementation of  a national agricultural 
research and extension service, and improving 
farmers’ access to markets for agricultural inputs, 
agricultural outputs, credit, and crop insurance, 
etc. There is also a need to improve entrepreneur-
ial skills to generate off  farm income (alternative 
livelihoods) and to improve access to loans and 
microcredit. Focus group discussions and commu-
nity workshops reveal that community members 
believe that adaptation is not only about investing 
in infrastructure; in addition, adaptation requires 
capacity building, organizational development 
and uses of  technology. Support for substantial 
changes to livelihood systems and practices—
such as shifting from rainfed to irrigated systems 
and from free-range livestock to controlled live-
stock farming—will be crucial.

Accordingly, agricultural extension services and 
measures to increase access to markets require 
significant investments, yet they can offer lon-
ger term, socially and environmentally sustain-
able benefits. The implementation of  adaptation 
options such as agriculture insurance or actions 
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to increase market access will differ depending on 
the structure and size of  the farming systems. The 
approach to implement these in areas such as the 
Altiplano, where small-scale family producers are 
the majority, will be different from appropriate 
approaches for areas such as Santa Cruz where 
most of  the production is done by large scale 
farmers. The agricultural models for the different 
crops all suggest that availability of  water is crucial 
to increase the resilience to climate change in the 
sector. Increased evaporation (due to higher tem-
perature), more irregular precipitation (shorter 
and intensified rainy season as well as hot spells), 
and higher frequency of  extreme weather events 
(droughts and flooding) emphasize the need for 
investment in water storage and irrigation, which 
would be climate robust scenarios in both a dry 
and wet climate scenario by reducing the climate 
vulnerability of  rainfed agriculture. 

Water Resources 

Water is considered one of  the most vulnerable 
sectors that will require additional investments (to 
mitigate floods and droughts) through hard (dam 
and irrigation infrastructure) and soft measures 
(capacity building and education, extension ser-
vices). Investments in water resources should be 
tailored to improve planning and management 
at the watershed level, as there is a great need for 
improvement in water storage capacity to utilize 
excess water in wet months and years. Improved 
water access and irrigation increases resiliency to 
droughts in the planting season, is robust across cli-
mate scenarios, and more than doubles the average 
yield of  the major crops in the region. Cost-benefit 
analysis of  irrigation projects in the region sug-
gests that most types of  irrigation are economically 
viable investment opportunities in both “with and 
without” climate change scenarios. Clearly, adapta-
tion in Bolivia must go hand in hand with develop-
ment. Even though the focus is mainly economic, 
political and institutional issues play a central role 
in understanding and in identifying solutions to 

some of  the major adaptation challenges. With-
out fundamental improvements in the policies and 
institutions that finance, maintain, and invest in the 
water and agriculture sectors, additional resources 
aimed at building resilience are not likely to be 
effective in the long run. 

Rural Water Resources

It is imperative to find equilibrium between devel-
oping faster than business as usual and integrating 
robust adaptation measures that minimize uncer-
tainty within a reasonable timeframe. In order to 
reduce dependency on the water cycle and there-
fore on variability in natural water supply, it will 
be necessary to develop a solid integrated water 
management strategy that functions across scales, 
and in particular, at the watershed level. For bet-
ter and more effective water resources planning, 
the principles of  integrated water resources man-
agement, acknowledged in the National Water-
shed Plan, should be transformed into practical 
and effective measures. This is important not only 
from an adaptation to climate change perspec-
tive, but also to protect water resources and guar-
antee present and future needs for all water uses, 
including for environmental services. However, 
needed basin-wide management, departing from 
the current situation of  small-scale community 
investments, will require significant institutional 
strengthening. Many of  the adaptation invest-
ments require multi-communal agreements; and 
thus, the state should create the appropriate space 
to generate such agreements. 

Strategies for better water management should 
rely on four strategic components, including (1) 
an adequate institutional and legal framework to 
ensure a correct and coordinated engagement of  
the different actors in the water sector, including 
frameworks that ensure alignment with the needs 
and interests of  local populations and make space 
for engagement of  the most vulnerable members 
of  society; (2) a good flow of  technical information 
on the water cycle and water demands by basin; 
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(3) a solid financial, managerial, and technical 
capacity to ensure water resources management is 
implemented under sustainability criteria; and (4) 
provision of  and access to the necessary physical 
infrastructure and technology (see Figure 29). 

With these strategic principles in place, long-term 
trends of  reduced water availability could be 
addressed. This would also facilitate development 
of  a disaster prevention strategy to improve con-
trol over water systems and increase their resil-
ience. In addition, an effective strategy should 
reduce dependence on natural water variability 
and provide increased resilience of  water systems. 
Specific measures should include: 

Definition of  basin boundaries and basic infor-■■

mation about the basin 

Specification of  water uses in the basin and ■■

establishment of  cost recovery measures from 
the different water sub-sectors to protect water 
resources 

Prioritization of  water uses in the basin ■■

Elaboration of  necessary regulations based on ■■

Integrated Water Resource Management prin-
ciples and the specifications of  the basin, such 
as the determination of  environmental flows 
and vulnerable locations based on information 
on hydrologic information 

Determination of  the different actors involved ■■

in the water sector in that basin and definition 
of  the rules under which they should interact 
for decision making and investment planning 
purposes.

Prioritization of  measures to protect water ■■

resources and guarantee water uses Elabora-
tion of  an investment plan for the basin.

Elaboration of  an investment plan for the ■■

Basin.

Figure 29 Strategic components for water management
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Improving irrigation infrastructure 

Irrigation can ensure an adequate supply 
of  water for agriculture and compensate for 
increased crop water requirements. The irriga-
tion potential of  the country implies that this can 
be considered as a suitable adaptation strategy 
to changes in climate conditions. Building infra-
structure to store water and regulate seasonal 
water flows will need to be part of  a future irri-
gation strategy to increase the climate resilience 
of  the agriculture sector in Bolivia. Irrigation 
systems based on reservoirs have been identified 
as a cost-efficient adaptation measure. These 
systems equilibrate seasonal water supply and 
have a high return per implemented unit. Reser-
voirs currently constitute 2 percent of  irrigation 
projects, yet they represent 19 percent of  total 
irrigated water supply. However, rehabilitation 
of  existing reservoirs and building of  new ones 
will come at an additional cost to the sector.

Mainstreaming climate change considerations 
in hydraulic infrastructure projects will imply 
ensuring the flexibility of  operation in the sys-
tem, revisiting the designed volume capacity and 
structure lifetime, and increasing the resilience 
to extreme events of  higher magnitude. Irriga-
tion strategies that promote a more efficient use 
of  water constitute a win-win option. Optimiz-
ing water use in irrigation relies on measures 
such as improving water distribution systems 
and increasing irrigation efficiency. For example, 
it has been found that increasing the efficiency 
of  gravity irrigation systems by almost 50 per-
cent is a relatively simple measure to implement. 
The sustainability of  any irrigation strategy, 
measure, or project can be reinforced by using 
an integrated river basin planning and manage-
ment approach. In addition to this, complemen-
tary investments in the agriculture sector—such 
as extension services or education—will also 
contribute to the sustainability of  irrigation 
investments. 

Urban water resources

The urban sector is already highly exposed to 
climate variability, due the different vulnerability 
dimensions (resource, infrastructure, and opera-
tive management capacity) it presents. Climate 
change impacts—including reductions in water 
availability and the increased frequency and 
intensity of  floods and droughts—would gener-
ate additional stress on the current capacity of  
utilities to safely deliver water and sanitation 
services and to control floods. Urban areas in 
the arid zones have more difficulty in increasing 
production capacity due to natural water avail-
ability constraints, particularly when these areas 
are located in basin heads. Peri-urban areas of  
Cochabamba and La Paz/El Alto are particular 
hotspots due to the high competition for water, 
poor infrastructure, and exposure to climate 
change effects. Groups living in the peri-urban 
areas of  rapidly growing cities are especially vul-
nerable to the effects of  climate change, because 
they are often not connected to the water and san-
itation networks; they rely on unstable resources; 
and they live in risky areas such as steep slopes or 
flood-prone areas. While a more detailed analysis 
of  these trends is needed, in a country that is rap-
idly urbanizing, city planners should anticipate 
future urban growth rates in order to be able to 
provide for safe settlements. 

Most of  the adaptation measures described in the 
study are “supply-driven.” In order to increase 
resilience to changes in climate, urban utilities 
need to reinforce and diversify their water sources, 
increase coverage, properly manage effluents, and 
guarantee adequate storage capacity in anticipa-
tion of  changes in rainfall variability and increas-
ing evapotranspiration rates (especially under 
dry scenarios). These measures imply that water 
utilities in Bolivia need to improve their opera-
tions, management and financial performance, 
for which they would certainly need additional 
external support. In the case of  floods, tradeoffs 
and complementarities between hard and soft 
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measures need to be carefully evaluated. Hard 
measures include reviewing and upgrading cur-
rent drainage systems; canalizing river channels 
when crossing urban soil; construction of  dykes, 
river deviations, and gates; or even larger mea-
sures such as as building upstream dams for flood 
control. Soft adaptation measures consist of  
early warning systems, upstream reforestation, 
or ensuring clean river beds and safe wards. The 
most effective adaptation strategy will combine 
both hard and soft measures. 

The National Watershed Plan may provide guid-
ance on implementing IWRM at the watershed 
level, so utility planners could incorporate in their 
master development plans a broader watershed 
management that considers the city as very impor-
tant. In this context, the generation of  valuable 
and long-term hydrometeorological information 
at the watershed level would allow urban planners 
to incorporate risk management measures in their 
land planning instruments. This would enable them 
to identify risky areas and to develop and imple-
ment the consequent urban regulations increasing 
the long-term resilience to extreme events.

Investment Planning Tool 

The investment model tool identified the most 
vulnerable population, and how to restore 
watershed-level benefits to their baseline levels 
through accelerated investment, but ensuring 
that additional watershed benefits reach those 
suffering directly from water shortages is more 
difficult. This type of  planning model permits a 
detailed comparison of  investment alternatives 
and the potential effect of  climate change upon 
them—and it does so within a planning frame-
work that is consistent over time. The approach 
also facilitates investigation of  the robustness of  
alternative investment strategies to possible cli-
mate outcomes, something that is particularly 
important in view of  the uncertainty over pos-
sible climate outcomes.

Results from the investment planning tool showed 
that sequencing and prioritization of  irrigation 
projects depends mostly on decentralized man-
agement rather than on climate change impacts 
(regardless whether the objective is to maxi-
mize national social benefits or to maximize the 
number of  families directly benefitting from the 
projects) in the evaluation of  water development 
projects at a watershed level. The effect is least 
where the budget constraint is loose and where 
projects must pass stricter cost-benefit tests. 

The study has illustrated the advantages and dis-
advantages of  this type of  planning model for cli-
mate change analysis. The major advantages are 
that it permits a detailed comparison of  invest-
ment alternatives and the potential effect of  cli-
mate change upon them—and does so within an 
inter-temporally optimal (planning) framework. 
While not fully exploited in this study due to the 
relatively simple nature of  the water constraint 
(effectively restricted to a single sub-basin), the 
method also permits exploring the robustness of  
alternative investment strategies to possible cli-
mate outcomes. For many applications, this abil-
ity to explore robustness is critical, especially in 
view of  the uncertainty over possible climate out-
comes. The major disadvantage is that it requires 
good project-level data and a good characteriza-
tion of  the effect of  climate change on projects. 
Currently, most of  the needed data for this type 
of  analysis is limited and/or expensive to gen-
erate and synthesize. Unfortunately, there is no 
serious way to improve the quality of  investment 
planning under uncertainty without this detailed 
project and climate-level analysis. Additional lim-
itations are described in Box 4.

How to Move Forward? 

The Bolivian government has made an important 
and serious start in understanding and respond-
ing to climate change effects. However, Bolivia, 
like most other countries in the world, still needs 
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Box 4 Limitations of the Study

A key limitation in the context of the EACC is that all models used channel researchers to ask and 

answer questions that can be answered by the models. Yet the most important questions may be 

institutional or cultural, or more likely a combination of these plus political factors. For example: 

How to influence the location of people away from high-risk or increasingly unproductive areas? 

How to improve the allocation of water and land? How to improve the quality of education? The 

tools used in this analysis help to define the importance of doing these things, but they cannot tell 

us how to get them done. For that, however, economics is clearly not sufficient, but the study by 

definition was not set to understand all aspects of adaptation to climate change.

To make calculations tractable, the study limits both the breadth of economic analysis and the 

length of the time horizon. It investigates public sector adaptation only, and the investment horizon 

of the study is to 2050 only. Although climate science tells us that adaptation costs and damages will 

increase over time, and that major effects such as melting of ice sheets are more likely to occur well 

beyond this horizon, uncertainty with regard to both climate and growth make unproductive efforts 

to analyze adaptation beyond this period.

Most of the results of this study are based on biophysical, engineering, and economic models. As 

discussed above, these models use mathematical techniques to represent physical and economic 

processes. The more the real world phenomena being simulated are generated by deterministic 

physical processes, the better the performance of the models. As phenomena become increasingly 

influenced by uncertainty (with unknown underlying probability distributions), or by human behavior 

and institutional change, the ability to simulate weakens. 

In addition to the sectoral and temporal efficiency problem, the overall approach of the models 

excluded other critically important elements: ecosystem services (forest and biodiversity), health, 

and further integration of the social and economic analyses. With regard to biodiversity, in particu-

lar, it is still not clear how to quantify the impact of climate change and what adaptation measures 

are effective for preserving it, but the information needed to estimate adaptation costs is largely 

unavailable. 

The study is also limited by the lack of information in important sectors relevant for the develop-

ment of the country. A specific example is the analysis of the infrastructure sector. Data from the 

global EACC study is presented below aggregated at the country level as a reference in terms of 

adaptation costs. The validation of data at the local level remains to be done.
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to develop and implement effective and comple-
mentary policies, institutions and practices to 
adapt to the reality of  severe climate risks. Accord-
ing to a recent report by Oxfam, an overarching 
institutional and public policy framework for 
national policy on climate change adaptation and 
mitigation needs to be developed through a twin 
strategy: “First, by integrating climate change 
measures into the new legislative framework that 
will implement Bolivia’s new Constitution and 
thereby embed climate change policy at the high-
est level. Second, the government should further 
develop and implement a national adaptation 
strategy that is properly mainstreamed across the 
government’s programs for eradicating poverty, 
and adopted by and coordinated across all the 
key ministries. Such plans should also identify the 
most urgent adaptation activities and the cost of  
these, and secure international financing for their 
implementation.” (Oxfam, 2009)

Dealing with current climate risk should be a 
priority in order to increase future resilience. 
In particular, disaster risk reduction needs to be 
part of  long-term planning at all levels of  gov-
ernment, across all industries, and particularly 
at the departmental and municipal level. This 
also includes improvement of  capacity in regard 
to disaster preparedness. Given the increased 
climatic risk and severe vulnerability of  small 
agricultural producers, the development of  an 
agricultural insurance scheme should be a priority 

in addition to water storage and management. 
Improved water management should also focus 
on urban areas where increased demand is gen-
erating water shortage problems. Given the high 
rate of  water loss through poor infrastructure, 
which in cities like El Alto leads to loss rates of  
up to 40 per cent, the government should place 
a high priority on building new infrastructure for 
water storage. At the community level, existing 
rainfall must be captured, stored, and used to its 
maximum capacity. 

The EACC study could be used to fulfill some 
of  the knowledge gaps required for the advance-
ment of  the adaptation agenda in the coun-
try. Additional ongoing initiatives by the Word 
Bank will also complement the initial informa-
tion provided by the EACC study. An example 
of  such initiatives is the detailed modeling of  
surface water availability using a hydrologi-
cal (SWAT) model that is being developed by 
the World Bank-Latin America and Caribbean 
Region. The SWAT tool will be able to improve 
climatic data for the baseline at the watershed 
level, and therefore to improve the accuracy of  
the vulnerability indicators (mainly for the water 
sector). The improvement in the resolution of  
climate projections, however, still needs further 
work from the climatology cluster. Both studies, 
as well as others previously mentioned in the 
report, will provide support to the initial phases 
of  the PPCR.
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