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Abstract: The livelihoods of people in the Andes are expected to be affected by climate 

change due to their dependence on glacier water. The observed decrease in glacier volume 

over the last few decades is likely to accelerate during the current century, which will affect 

water availability in the region. This paper presents an approach for participatory 

development of community-based adaptation measures to cope with the projected impacts 

of climate change. It combines in an innovative manner participatory design with physical 

measurements, modeling and a vulnerability analysis. Vulnerability to drought is made 

operational for households in a catchment of the Ocoña River basin in Peru. On the basis of 

a household survey (n = 94) we explore how a vulnerability index (risk divided by response 

efficacy) can be used to assess the distribution of vulnerability over households, and how 

socio-economic factors determine this vulnerability. Water entitlement, area of irrigated 

land, income and education are all significantly correlated with vulnerability to drought. The 

research showed that the main source of spring water is local rainwater, and that water use 

efficiency is low. The selected adaptation measures aimed to increase water availability close 

to farmland, and increase water use efficiency of farmers and households. 
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1. Introduction 

Water is an important resource for producing food in the Peruvian Andes, and 80% of the inhabitants 

are dependent on agriculture as their main source of income [1]. Rainfall is insufficient in many 

agricultural areas, and extensive systems are in place to relocate water from streams to irrigated  

fields [2]. These systems have often been in place for a long time, and the first terraces in the Andes date 

back to between 500 and 1000 AD [3]. The management of irrigation systems is regulated by policies 

and extensive water rights, but faces several challenges [4], since the water availability in the Andes 

region is expected to decrease as a result of climate change [5]. Records for the last 50 years of the 

Peruvian Andean glaciers show that there is a general trend of glacier retreat caused by increasing 

temperatures. Climate change and glacier retreat are expected to have an impact on both the natural and the 

socio-economic systems [6]. The dependence on water resources is shown by the reduction of highland 

agricultural production by 60%–70% during the drought of 1982 [2]. At the same time, water management 

systems on the local scale are often poorly designed and managed [7]. Climate change will, therefore, 

put pressure on communities that are dependent on water for their livelihoods. 

The concept of vulnerability is widely used to characterize and understand the implications of climate 

change at the community level [8–10]. The recent IPCC Fifth Assessment report uses an adjusted 

definition of vulnerability as the propensity or predisposition to be adversely affected, which covers a 

variety of concepts and elements including sensitivity or susceptibility to harm, and lack of capacity to 

cope and adapt [11]. Understanding the determinants and variation in vulnerability helps to identify and 

prioritize adaptive measures to reduce impacts from, for example, climate change and other development 

issues [12,13]. Over the years, multiple authors have contributed to the development of methods for 

assessing vulnerability (e.g., [8,14–17]). Most climate related vulnerability studies in developing countries 

deal with the national scale, or consist of international comparisons across countries (e.g., [18,19]). Due to 

the lack of attention to the local context, such large-scale studies often do not address the link between 

physical information about the water system and socio-economic field data for the communities and 

households considered [20].  

We study the perceived vulnerability to droughts in a catchment in the Peruvian Andes, South 

America. We make perceived vulnerability operational by combining the households’ perception of their 

sensitivity and exposure to droughts with their perception of the effectiveness of proposed adaptation 

measures for their household, which is also known as response efficacy [21,22]. This response efficacy 

helps to determine the possibilities that the households see to reduce their vulnerability, without limiting 

themselves to options that are currently feasible for them (for instance due to limited financial resources, 

or knowledge). The data for this analysis are gathered via a household survey. We explore the correlation 

of the perceived vulnerability with several socio-economic characteristics of the household (e.g., income, 

education, age, access to water, etc.). The socio-economic characteristics are used as independent 

variables to gain insight into the factors that explain the perceived vulnerability to droughts of the 
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households in this area. This is different from other studies, which use these socio-economic characteristics 

as determinants of adaptive capacity (e.g., [23,24]). We use response efficacy instead of adaptive 

capacity in calculating the perceived vulnerability. Our approach to vulnerability is less data demanding, 

and if proven to be useful, it might help to simplify vulnerability assessments. The insights from the 

vulnerability analysis together with results from hydrological research are then used to develop 

adaptation measures to reduce the vulnerability to drought.  

In Peru, the government and NGOs are working with water users, local management systems, and 

public entities to promote adaptation strategies in the water sector. However, to be effective, these 

programmes and measures must be recognized and accepted by the people using and managing the water. 

Participatory approaches are increasingly seen as key to developing and implementing such measures, 

as they capture and include the knowledge and priorities of the community, and lead to more sustained, 

and better accepted, decisions [15,25–29]. A body of literature is available on participatory approaches 

in environmental decision making, natural resource management and water management (e.g., [27,28]), 

and on the learning effects of involved stakeholders [30,31]. However, little has been published on the 

experience of using participatory approaches for developing climate adaptation measures, and how 

communities can implement these measures [27,32]. 

The goal of this study is to apply and evaluate a stepwise participatory method to develop and 

implement community-based adaptation measures based on an analysis of the vulnerability of communities 

in the Peruvian Andes to climate change.  

The study was conducted in the Chorunga catchment, which is part of the Ocoña River basin, located 

in the Southern part of Peru. This area is representative of the environmental and socio-economic 

conditions of farming communities across the Andes.  

2. Data and Methods 

2.1. Study Area 

The Chorunga catchment is part of the Ocoña River basin, which is located in the Southern part of 

the Peruvian Andes (Figure 1). The catchment is located in the eastern part of the Ocoña basin, and 

covers 1100 km2, with an elevation ranging from 500 m to over 6300 m. Many of the circa 3000 people 

in the Chorunga catchment live in farming villages located in a zone between 3000 and 3500 m, where 

irrigated agriculture is the main activity. The prevailing climate at these altitudes is a semi-arid mountain 

climate, with mean annual temperatures varying between the 9 °C and 14 °C and a yearly precipitation 

that varies between 124 mm and 305 mm [33]. The area is characterized by extensive terraces dating 

from pre-Inca times [34]. The irrigation systems capture water from a source, that being a spring or a 

river, and lead it downhill through canals and dividers to a reservoir. This reservoir is filled during the 

night and part of the day, and at a set moment the stored water is released. From the reservoir, smaller 

canals lead the water to the different irrigated parcels.  

The irrigation systems are managed and maintained by Water Users Associations, the official water 

governing bodies at the local level, based on local traditions. For instance the water is allocated to users 

according to a water share unit called a “riego”. One riego equals a certain percentage of the water that 

is stored in the reservoir on the day that a user has the right to receive the irrigation water. The exact 
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volume of a riego depends on the available water volume in the reservoir on that specific day, and 

therefore varies between the seasons and between reservoirs. During the wet season, the reservoir is 

completely filled and a riego is more water than at the end of the dry season when the reservoir is only 

partly filled. The time between the irrigation days (turns), as registered at the Water Commission, varies 

between 28 and 85 days, which is too long for most users [35]. The water rights have been inherited 

from generation to generation since the mid-19th century. In some cases, this has led to an unequal 

distribution of water within the communities, with a few large users, and many small users.  

 

Figure 1. Location of the Chorunga study area in the Ocoña River basin. The inset maps show 

the location of the study area in Peru. Stars indicate interview locations; triangles indicate 

water sample locations; and polygons indicate the locations where dams were constructed. 

The study area is a poor rural area, where around 68% of the population live in poverty, compared 

with 14% for the whole of Peru [1]. The high poverty rates are comparable to other Andean regions 

within Peru [1] and in, for example, Bolivia [36]. The average age of the population is 40 years, which 

is similar to that of the Province of Condesuyos of which it is a part [37]. Livestock is an important 

source of income. Consequently, many of the farmers cultivate cattle fodder, such as alfalfa, barley, and oats. 

Crops cultivated for human consumption include potatoes, maize, wheat and broad beans. Some farmers 

cultivate products exclusively produced for export, such as kiwicha, quinoa and maize morado [38]. 

However, most farmers produce for subsistence only. The growing season is from August to May and is 

divided into two parts. During September and October meltwater from a relatively small arm of the 

Coropuna glacier is the most important source of irrigation water. The second part of the growing season 

is from January–March, coinciding with the rainy season, and precipitation is used as an additional 

source of water besides irrigation. 
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Between 1975 and 2004, the Coropuna glacier, which has a maximum altitude of 6377 m, lost 37% 

of its total volume and retreated by 243 m [39]. It was estimated that the mean loss of surface area of the 

glacier between 1955 and 2003 was 1.4 km2 per year [40]. Glacier retreat has accelerated since the 1970s, 

and is expected to continue in the coming decades, eventually leading to the disappearance of the  

glacier [41]. Due to the melting of the glacier water, availability could increase in the short term [42]. 

The rising temperatures also affect precipitation, and, in the future climate, a larger part will be in the 

form of rain instead of snow. On the longer term, these changes are expected to lead to decreased water 

availability during the growing season compared with current circumstances. 

2.2. Overview of Approach 

The stepwise participatory approach (Figure 2) builds on the poverty reduction and climate risk 

studies under The Netherlands Climate Assistance Programme [43], the policy guidance on Integrating 

Climate Change Adaptation into Development-Cooperation, developed by the OECD Development 

Assistance Committee [44]. The main steps of this approach are comparable to those used by, for 

example, the UNFCCC [45] and others [12,15,46]. It structures the activities to gather relevant data on 

the social-ecological system through physical measurements, modeling, and a vulnerability analysis, 

eventually to participatory design adaptation measures [47]. 

 

Figure 2. Overview of the approach to participatory development of adaptation measures. 

Within this approach, the local community has a central position, and interactions with the 

communities are important for the different steps of the approach. Interaction involves both using the 

knowledge and preferences of the local community, and making information and knowledge  

available to the various communities, hence, raising their awareness on water management and climate 

change adaptation.  

Step 1 is to identify the perception of problems and objectives of possible adaptation measures in the 

case study area. We started with a stakeholder inventory, by the risk mapping of geographical and water 

issues, group meetings, in-depth interviews, field visits, and reviewing available reports. These activities 

led to the identification of existing issues related to climate variability and water management, external 
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pressures on the area due to climate change, population growth, economic growth, and changes in land 

use and the political and institutional context, including an overview of stakeholders and including their 

objectives and wishes for the area. The outcomes of this step are a series of visions for water 

management, a long list of adaptation options and priorities, and the identification of the questions on 

which further research is needed. 

Step 2 is a vulnerability analysis based on a household survey. To answer questions identified in Step 1, 

the impact of climate change on the hydrological system is assessed using a hydrological model which 

applies downscaled climate change scenarios to make a physical assessment of the potential climate 

change impacts on water availability. During this modeling phase, regular interaction with the main 

stakeholders took place to exchange information and insights. This interaction ensured that outputs were 

comprehensible and usable for the local stakeholders, and that local knowledge and experience was 

included in the research.  

During the Step 3 adaptation measures are further developed, using both the modeling and survey 

results. Several group meetings were organized with farmers, water managers, policy makers and other 

decision makers to raise awareness on the topic and to explore potential adaptation measures. Jointly, 

the project team and representatives of local stakeholders updated the long-list of adaptation measures. 

These measures are appraised in Step 4 using expert knowledge of the local community  

(e.g., farmers), the local NGO, and international researchers. Modeling tools are used in this phase to 

make ex-ante assessments. After the appraisal, in Step 5, several adaptation measures are selected from 

the long list, using, for example, consultation tables [48]. These are local meetings where stakeholders 

share their opinions on a wide variety of topics, and come to an agreement. These are established  

fora to decide in which projects public money should be invested in a district. The selection of measures is 

made on the basis of feasibility, costs, and expectation of their success to reduce vulnerability to droughts. 

The selected measures are implemented during Step 6, and the effects are monitored in Step 7, mostly 

in a qualitative way. The effect of the measures and gained knowledge is then fed back to the 

stakeholders to see if improvements need to be made. During the whole process regular communication 

and dialogue takes place with policy makers and decision makers on different levels.  

2.3. Hydrological Analysis and Modeling  

Following discussions with stakeholders in Step 1, one of the main requests was to produce 

information on the projected impacts of climate change. Furthermore, it was not known if the springs 

are fed by infiltrating rainwater or fed by the glacier via deeper groundwater. If the latter is the case, the 

water availability will be negatively affected by glacier retreat [5,41].  

For assessing current water availability and the impacts of climate change projections on runoff, the 

hydrological model STREAM was applied. This model has been previously used in several studies on 

hydrology and climate change [49–51]. The STREAM model is a grid-based water balance model that 

calculates runoff on the basis of precipitation and temperature data and several land surface 

characteristics [52,53]. For each cell, the water balance is calculated using a direct runoff, soil water and 

groundwater component, based on a number of parameters. Climate change projections were obtained 

from ECHAM5 Global Circulation Model simulations. This model was selected on the basis of a 

previous performance assessment [54]. The climate model applied the A1B, A2, and B1 greenhouse gas 
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scenarios for the period 2000–2100 [55]. The global data from the ECHAM model is available at a 

resolution of 1.875 × 1.875 degrees (112.5 arc minutes). These resolutions are rather coarse for use in 

regional impact assessment studies. Hence, the data were downscaled to a higher spatial resolution of 

10 × 10 arc minutes (approximately 18.5 × 18.7 km), using statistical methods that transform the data in 

such a way that it matches the main statistical properties of modeled and observed climate data  

sets [56,57]. See [51] for an elaborate description of the STREAM model and of the method used for 

statistical downscaling of climate change projections. 

Hydro-chemical analysis was used to determine the likely source of spring water (between 3000 and 

4000 m). Two different methods were used: Electronic Conductivity (EC) and isotope analysis. At  

109 locations within the wider region around the catchment (44 samples in the Chorunga catchment), 

the EC value of water was measured using a handheld electro-conductivity meter. Measuring the EC, 

which is an indicator of the amount of dissolved ions in solution, is relatively simple. High EC values 

indicate interaction with geology, evaporative processes, influence of human activities and/or a combination 

of these. EC values of surface water in the catchment were mapped by plotting the observed EC values.  

The ratios between 18O/16O and 2H/1H of surface water are indicative of the elevation at which the 

precipitation occurred and how much evaporation has taken place after the rain event. Isotopically 

enriched rain (i.e., formed by the heavier isotopes 18O and 2H) forms and falls first, a phenomenon known 

as rainout effect. Similarly, precipitation gets depleted in heavier isotopes with increasing altitude, a 

phenomenon known as the altitude effect [58,59]. The ratio between 18O and 16O and 2H and 1H of a 

sample can be compared with the seawater standard, which represents the average ratios between the 

heavy and light isotopes in seawater. The difference between the samples is expressed as d18O and d2H, 

in terms of the per mille deviation from the ocean standard. Delta values are calculated by subtracting 

the ocean standard from the sample ratio, dividing it by the ocean standard, and multiplying by one 

thousand. The d18O and d2H value are used to derive the elevation at which the rainfall occurred, where 

the values become more negative with increasing height. The relationship between d18O and d2H in 

precipitation is expressed by the Local Meteoric Water Line (LMWL). Deviations from the LMWL 

indicate that precipitation water has been affected by various processes (e.g., evaporation and 

condensation), and indicate if the d18O is a suitable measure for determining the elevation at which the 

precipitation occurred. Throughout the area, 55 samples were taken: close to the glacier, from streams 

on the bofedales, which are the highland wetlands, from the springs in the Chorunga catchment, and 

from the Chorunga and Ocoña Rivers. 

2.4. Vulnerability Assessment 

The most important expected impact of climate change in the case-study area is a reduction in water 

availability. Therefore, we define vulnerability to climate change in this area as the degree to which 

households perceive they would be affected by decreased water availability in relation to their capacity 

to take measures to alleviate this water shortage.  

We use the concepts of exposure, sensitivity, and response efficacy to operationalize vulnerability 

(e.g., [8,10,12,14–17]). Exposure is the frequency of drought periods; sensitivity is the perceived effect 

of a drought on people’s livelihoods at the household level; and response efficacy (RE) is defined as the 

perceived effectiveness of adaption measures that the household may take in response to more frequent 
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drought/reduced water availability [22]. It is measured by the extent to which the respondents indicate 

certain adaptation strategies to be important to them. We use the RE to determine the possibilities that 

the households see to reduce their vulnerability, without limiting themselves to options that are currently 

feasible for them (for instance due to limited financial resources, or knowledge). It also allows us to 

assess the relationship of vulnerability with the socio-economic characteristics of the household at a later 

stage in the research, as explained at the end of this section. The three concepts have been combined into 

a straightforward vulnerability index without assigning different weights to the factors, as follows:  

 (1) 

where: V is vulnerability; risk is defined as the multiplication of E (exposure) by S (sensitivity), which 

are both valued in the survey with discrete numbers (1, 2, 3; see Table 1), indicating low, medium or 

high exposure/sensitivity and they are both normalized between 0 and 1. RE equals the average score of 

the effectiveness of the adaptation measures as indicated by the household. These scores are valued as 

discrete numbers (1, 2, 3, 4, 5; see Table 1) for indicating the perceived effectiveness of the adaptation 

measures. Table A1 shows the questionnaire and the extensive list of measures considered. 

Table 1. Questions on which the vulnerability index is based. From left to right: vulnerability 

components, questions, and scores. 

 Question Score 

Exposure (E) How often do you face droughts? 
1 2 3 

Infrequent Neutral Very Frequent 

Sensitivity (S) 
What is the impact of drought on 

your livelihood? 

1 2 3 

No influence Neutral Large influence

RE 
How effective do you consider 

the chosen adaptation measures?  

1 2 3 4 5 

Not effective Neutral Very effective 

Following Equation 1, the vulnerability of households ranges from 0.02–1 on an ordinal scale. Their 

vulnerability is high if the exposure and sensitivity are high and the RE is low, and vice versa. Most 

vulnerable are those households which perceive they are strongly affected by the impacts of droughts 

and indicate that the adaptation measures are not so effective for them. The vulnerability index assumes 

that both the risk and the RE are proportional, and are equally weighted. 

Data collection for the vulnerability assessment took place during a household survey in June–July 

2009. In total, 94 farmers in the Chorunga catchment were interviewed face-to-face using a 

questionnaire. The households were selected by stratified sampling per town. The questionnaire covered 

the following topics: the socio-economic characteristics of the household; agriculture; water use; 

climatic factors; sensitivity to hazards; and possible adaptive measures. Three of these questions form 

the basis for the vulnerability index (see Table 1); the others are used to explore which household 

characteristics determine the vulnerability. The question on the RE is a follow up on the question which 

asks the respondents to indicate which adaptation measures they consider implementing themselves. 

In addition to the household survey, all Water Association presidents of the study area were 

interviewed on order to gain more insight into the functioning of the villages’ irrigation systems, and 

several meetings and interviews were held with other experts in the region, working at government 
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offices, NGOs, and universities. These interviews were used to validate the results of the survey, and to 

acquire extra information on the governance of water resources. The local Water Association provided 

information on the amount of water entitled to a family, which was used to establish the respondent’s 

water user size. 

The survey results at household level were analyzed by calculating the Spearman rank correlation 

coefficients between the vulnerability index and a number of potentially explanatory factors of this 

index. This analysis for nonparametric data was chosen because the vulnerability index and most of the 

potential determining factors are measured on an ordinal scale. For the analysis, the answers of the 

respondents were ranked. The explanatory factors are the following: age, area of irrigated land, 

education, economic situation, income, irrigation frequency, number of cows, water entitlement (in 

hours per year), and water entitlement (in riego per year). We then explored the possible causal relation 

between the vulnerability index and the factors that were significantly correlated to it. These analyses 

were performed for all the households and for a subsample of agricultural households, as we expect the 

second group of households to be more dependent on water for their livelihoods. 

2.5. Development and Evaluation of Adaptation Measures 

A long-list of possible adaptation measures was developed by Peruvian stakeholders and experts of 

the project team (Step 3 in Figure 2). The stakeholders involved were inhabitants/farmers, farming 

organizations, Water Associations represented by the chair, Irrigation Commissions, informal miners, 

mayors of the different towns, ATDR (the government organization for technical support in water 

management), ANA (the local water administrative agency), the Ministry of Environment, and AEDES 

(the local NGO).  

The climate projections were presented in simple graphs and fact sheets to the communities [60]. 

They were used to support discussions with the stakeholders, which aimed to raise awareness of the 

potential impacts of climate change and of the possibilities to develop adaptation measures. During these 

meetings, different forms of suitable participatory approaches were used [61]. Several meetings were 

held where experts came to the study area to present and discuss the results with the stakeholders.  

On the basis of the climate projections and information on the investment costs of the adaptation 

measures, the final selection of adaptation measures was made by the local communities and other 

stakeholders. The information on climate projections and adaptation costs was also used at ‘consultation 

tables’, which are official stakeholder meetings in the district to discuss water issues with upstream and 

downstream users [48]. Apart from local communities, the stakeholders involved included ATDR, ANA, 

the Ministry of Environment, and AEDES.  

3. Results and Discussion 

3.1. Hydrologic System and Projected Impacts of Climate Change 

The climate projections using ECHAM5 data show that the temperature at the Coropuna glacier will 

rise between 1.9 and 2.6 °C when comparing 2050 with the temperatures of 1990 [41,62]. The climate 

change projections also indicate that the amount of snow and rain will change, and that many glaciers 

will completely disappear in the coming 20–50 years [63,64]. 
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As a result of climate change, a larger proportion of precipitation will be in the form of rain, and a 

smaller part will fall as snow. This will lead to a shift in the timing of when the water will become 

available in the basin. The effects of climate change on rainfall are significant, and a 27% reduction of 

precipitation is projected for 2050, during the rainy season. For the larger Ocoña basin, the annual 

discharge is projected to decrease to 367 m3/s towards 2050, which is circa 31% of the current discharge. 

For the Chichas catchment (Figure 3), which is also part of the Ocoña basin and is located next to the 

Chorunga catchment, the average annual discharge is projected to decrease by circa 50% to 4.2 m3/s by 

2050. During the rainy season the discharge will reduce from 19.7–0.0 m3/s, and during the dry season 

from 4.5–2.2 m3/s. The increase in discharge due to additional meltwater from the glacier is not visible 

in the results, possibly because the effect of reduced precipitation is larger than the increase of meltwater. 

 

Figure 3. Map showing the electric conductivity (EC) of water at sample locations in the 

Chorunga and Chichas catchments. 

Figure 3 shows the EC values measured in the field in the Chorunga and neighbouring Chichas 

catchments. Near the glaciers Coropuna and Firura, EC values are below 100 μS/cm, which is very low. 

Moving to lower elevations in the South of the Chorunga catchment, EC values increase, indicating 

interactions of surface water with rocks, human influence on surface water (agriculture and cattle 

herding), and evaporation. The location and influence of agriculture is clearly visible in the sharp 

increase of surface water EC values. On the irrigated terraces of Chorunga catchment, and further 

downstream, the EC values of surface water are generally above 500 μS/cm, and at some locations even 

above 1000 μS/cm. The low EC values of spring water throughout the study zone indicate a short travel 
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time and little influence of human activities. This makes it likely that the water originates from shallow 

groundwater fed by glacial meltwater or rain. 

The isotope analysis data shows that the ratio between d18O and 2H of the water samples fit the 

LMWL, indicating that evaporation was not an important factor in influencing the d18O value at most 

sample locations. Only lakes and some of the creeks have been subject to substantial evaporation. Most 

springs do not show signs of evaporation. This suggests that the difference in d18O signature reflects the 

altitude at which precipitation occurred, rather than the influence of evaporation. 

The d18O of the water in springs is less negative than the d18O of water close to the glacier  

(Figure 4). This indicates the water in the springs is comparable to rainwater at the same elevation. The 

isotopic composition of rivers shows that they mainly consist of water originating from higher elevations 

of the catchment, as they have a lower d18O than precipitation at the elevation of the sample locations. 

In conclusion, the hydro-chemical analysis demonstrates that rainfall is the main source of water in the 

springs and excludes meltwater as a major source. Hence, in the Chorunga catchment the effect of glacier 

melting on spring water availability is expected to be limited, as this study has established that the water 

from the springs is predominantly originating from rainfall in the catchment. This is in contrast with 

water in other parts of the Ocoña basin, like the Chichas River and the Ocoña River, which are much 

more dependent on water from the glacier. This is indicated by the more negative d18O values of the 

samples taken in these rivers (Figure 4). Other studies in the Andes also indicate glaciers as the main 

source of water for rivers [62].  

 

Figure 4. Map showing the isotopic composition (d18O) of water at sample locations in the 

Chorunga and Chichas catchments. 
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3.2. Household Vulnerability 

The general characteristics of the 94 households interviewed are summarized in Table A2 of the 

supplementary material. The average age of the interviewed subjects was 57 years and this is higher than 

the average age of adults in the area which is 40 years [37]. Their income was circa 175 Euros/month 

(660 soles/month). The results are shown for a group consisting of all respondents (n = 94), and for a 

second group consisting of households that are primarily dependent on agriculture for their livelihood  

(n = 73). The second group is included in the analysis to account for the dependency on water for their 

livelihood, and see if this influences vulnerability. The households excluded in the second group are 

primarily dependent on other sources of income (e.g., pension, government job, etc.). 

For the interviewed households the index of vulnerability to drought varies between 0.07 and 0.57.  

A score of 1 indicates that a household is very vulnerable, and a score of 0 indicates that the household 

is totally not vulnerable. Figure 5a shows the frequency distribution of the scores for the agricultural 

households and all the households. The majority of households score between 0.20 and 0.30. The 

agricultural households have a larger variance than the non-agricultural households, which range 

between 0.10 and 0.40. Variations between households are caused by differences in perceived exposure, 

sensitivity and effectiveness of adaptation measures. Households with lower scores perceive themselves 

to be less exposed and less sensitive to droughts compared with households with higher scores, and a 

low vulnerability can also be the result of a higher RE. Figure 5b shows for the agricultural households 

the average normalized values of the three components of the vulnerability index: exposure, sensitivity 

and response efficacy (see Section 2.4) The figure shows that households with a vulnerability score up 

to 0.3 have on average a high RE. Households with a vulnerability score of more than 0.2 have the 

maximum value of 1 for risk (combination of exposure and sensitivity). 

 

Figure 5. (a) Frequency distribution of households based on their vulnerability; (b) average 

normalized score for the vulnerability classes for agricultural households.  

By conducting a Spearman rank correlation analysis, we assessed which factors are significantly 

correlated to the vulnerability index. The resulting coefficients of the analysis of the relationship between 

socio-economic factors and the vulnerability index are shown in Table 2. At a significance level of p = 0.01, 

with a two-tailed test, the following factors are significantly negatively correlated for both groups: water 

entitlement (in hours per year), area of irrigated land, income, and education. Other factors such as 
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water entitlement (in riego per year), age, number of cows, economic situation, and irrigation frequency, 

were not significantly correlated with household vulnerability. It is interesting that entitlement to water 

reported by each households shows significant correlation with vulnerability, whereas information on 

the entitlement to water as provided by the Water Association in riego/year is not significantly correlated 

with vulnerability. This might be because the volume of water represented by one riego varies between 

the reservoirs that are used by the households in this survey. Furthermore, this volume cannot be 

compared between the households. The number of hours a household receives water is comparable 

between the households. Another reason could be that households themselves are better aware of their 

water entitlement than the Water Association. 

For all factors, the correlation coefficient increases when comparing the results of all the households 

with the results of agricultural households. This indicates that the agricultural households have a stronger 

dependency on water and related factors for their livelihoods. Water entitlement in h/year shows the 

strongest correlation of −0.52 for agricultural households and −0.39 when considering all the 

households. Thus the vulnerability of the household is negatively correlated to water entitlement. It 

indicates that households with a larger entitlement are less vulnerable to droughts. This might imply that 

households with a small entitlement do not have enough water during a drought, whereas households 

with a greater entitlement still have sufficient water to sustain their agricultural production. The 

sensitivity of households to droughts has a significant correlation of 0.35 with the factor water 

entitlement, which supports this argument. This correlation between vulnerability and entitlement or 

access to water is comparable to earlier studies [36,65,66]. The socio-economic factors also are 

significantly correlated to each other (Table A3 of the supplementary material), so we cannot determine 

which factor is explanatory for vulnerability on the statistical analysis alone. For the four factors, we 

assess to which component of vulnerability they significantly correlate (Table 2) and explore the possible 

causal relationship behind the correlation. 

Table 2. Spearman rank correlations for the socio-economic factors that are significantly 

correlated to vulnerability (HH = households).  

 Socio-Economic Factors 
 Water Entitlement 

(h/year) 
Area Irrigated 

land 
Income Education 

All households     
Vulnerability −0.39 ** −0.33 ** −0.28 ** −0.27 ** 
Sample size 85 88 93 93 

Exposure (N = 88) 0.08 0.09 0.21 * 0.24 * 
Sensitivity (N = 88) 0.35 ** 0.29 ** 0.36 ** 0.32 ** 

RE (N = 88) −0.03 0.21 * 0.32 ** 0.29 ** 
Agricultural households     

Vulnerability  −0.52 ** −0.40 ** −0.37 ** −0.32 ** 
Sample size 65 68 73 73 

* =significant at p = 0.05 level; ** = significant at p = 0.01 level. 

The results show that households with a larger area of irrigated land are less vulnerable. The 

respective significant correlations for this factor with sensitivity and the RE are 0.29 and 0.21. This 

implies that households with a small area of irrigated land are more sensitive to drought than households 

with a larger area of irrigated land, and perceive the adaptation measures less effective for their household. 
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For the factor income, all three components of the vulnerability index are significantly correlated with 

the following coefficients: exposure 0.21, sensitivity 0.36, and RE 0.32. These results indicate that 

households with a lower income are more exposed to droughts, more sensitive, and less willing to adapt 

compared with households with higher incomes. This implies that people with higher incomes value the 

adaptation measures as more important than people with lower incomes. 

The factor education is significantly correlated with the three components of the vulnerability index. 

The coefficients are: exposure 0.24, sensitivity 0.32, and RE 0.29. Higher education appears to make 

people less sensitive to drought, and makes them value adaptation measures as more important than do 

people with lower education. 

Subsequently, we explored the causality of the significant correlations between the socio-economic 

factors. The household water quantity entitlement determines the total amount of irrigation water a 

household gets. It is very difficult for farmers to buy water rights in the area, since almost no household 

offers them for sale. In addition, the majority of households cannot afford to buy water because they 

lack financial resources. Hence, the availability of irrigation water per household is regarded as fixed 

over time. Therefore, other factors such as the area irrigated land and the economic situation depend on 

the household water rights. We assessed whether the results of the survey on these factors are in line 

with the household water quantity entitlement. These are classified in three groups: small users (<3 h); 

medium users (3–25 h); and large users (<25 h). Figure 6 shows how the socio-economic  

factors vary between the groups. Per factor, the relative value is given as the fraction of the maximum 

value that is possible for the factor. The figure shows the critical role of water entitlement for the  

socio-economic conditions. 

 

Figure 6. Household water quantity entitlement (h/year) as a determinant for the  

socio-economic conditions of agricultural households (factors are normalized). 
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The economic situation describes the affluence of a household. Respondents were asked to score their 

economic situation on a scale ranging from 1 “there is sometimes not enough food” to 5 “have a/can 

afford a car and own/can afford a good hous” (see question 2B in Supplementary material Table A1). 

The average economic situation of households increases with increasing water entitlement. Respondents 

were asked to score their economic situation on scale ranging from 0–5. Large users give an average 

value of 2.3 for their economic situation, which means that these users, on average, do not have problems 

with food, clothing and health care. The small users have an average value of 1.9, indicating that they 

usually do not have many problems with food and clothing, but that they cannot afford health care costs. 

The average income shows the same pattern as economic situation: income increases with increasing 

water entitlement, and the income of the large users is 3.4 times as high as that of the small users.  

The average area of irrigated land increases with the increasing water entitlement of the household: 

from 4.6 ha of irrigated land for small water users to 13.7 ha for large users. Thus, the amount of  

water appears to determine the area of irrigated land for a household, which in turn influences the 

production. Figure 6 also shows that large users have, on average, a higher education than the medium 

and small users. 

3.3. Adaptation Measures 

The results of the vulnerability analysis show that vulnerability is strongly linked to the household 

water availability. The results from the hydrological model assessment of climate change impacts show 

that eventually less water will become available, as the glacier will disappear, precipitation will reduce, 

and temperatures will rise, which will lead to an increase in evaporation. As the springs in the Chorunga 

catchment are mainly fed by local precipitation they are affected by the change in rainfall and the 

increase in evaporation. Hence, taking into account the current dependence on water and the impacts of 

projected climate change, most adaptation measures that were selected for implementation from the 

initial long list of measures aimed to increase total water availability for the users and to improve  

water-use efficiency. Table 3 shows the selected adaptation measures for implementation in pilot 

projects [67,68].  
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Table 3. Selected adaptation measures and their effects, with the aim to increase total water availability for the users and to improve water  

use efficiency. 

Measure Description Effect of implementation 

Surface 
storage 
dams 

Construction of four surface-storage dams in the Chorunga catchment 
(see Figure 2). These dams have capacities between 110,000–220,000 m3 
and are designed to store (rain)water during the wet season, to be used 
during the dry season. The idea for building reservoirs was new in the 
area and was developed after a project meeting where this measure 
was presented by an Ethiopia team that was familiar with this type  
of measures.  

The first two dams were designed and constructed by the local 
NGO as pilot schemes. Two additional dams were financed by the 
municipalities, and the local NGO contributed its knowledge for 
the design and construction. The evaluation shows an additional  
5 hectares of land can be irrigated using these dams. Two pilot 
dams were filled with water during the rainy season, and they 
contained water far into the dry season [69]. 

Efficient 
water use 
on fields 

Introduction of low-cost gravity drip irrigation systems for more 
efficient use of water on the fields. Farmers have water-use rights 
which are fixed. They expressed their wishes to be able to produce 
more crops with the same amount of water. The investment costs for 
locally produced drip irrigation systems are US$ 1750 per hectare,  
half of which was covered by the farmer. This price excludes labor 
costs, which was supplied by the local communities. 

The short evaluation by Van Steenbergen [69] after the end of the 
project shows that the yield of vegetables and alfalfa as fodder on 
the pilot plots was doubled to tripled; water needs were halved; 
and time spent on irrigation was reduced by 75% [69]. 

Change 
irrigation 
frequency 

Change in the frequency of irrigation (from 60–20 days) at two 
Irrigation Commissions, consisting of farmers and water users  
of the area, and by reorganizing the traditional systems of water 
distribution by to make the circle shorter so that farmers have  
more frequent access to water, in order to reduce the need to  
borrow water and enhance the water-use efficiency in the fields.  
The local water administrative agency of ANA joined this activity, 
promoting exchange of knowledge. 

The effect of this measure has not been evaluated as it was 
implemented at the end of the project. 
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Table 3. Cont. 

Measure Description Effect of implementation 

Protection 
upstream 
forests 

Protection of the “Polylepis” forests, and the project invested in 
fencing. These forests are threatened by overexploitation for charcoal 
production. Some areas have been assigned the status of private 
conservation areas, where the forest can only be used by the 
communities living nearby. Secondly, forests and their roots can 
enhance the infiltration of surface water to groundwater, which  
can be used at a later time. 

Implemented, but the effect is not assessed in this research. 

Introduction 
new crops 

Introduction of a water efficient “tara” crop, which produces seeds 
that are sold on the market (e.g., for cosmetics, paints, shoe polish), 
and after 4 years they are large enough to serve as wind shields for 
avocado trees. These avocados are commercial crops, which increase 
the return on agriculture. Seedlings were grown in a tree nursery and 
then distributed over the communities when they were big enough. 
This tree nursery was quickly used again to start growing the 
seedlings of other trees too. 

The pilot scheme with Tara was implemented with a local  
school and served as a project with educational, reforestation,  
and commercial aspects. Besides these trees, several farmers  
started growing other crops after introducing efficient irrigation 
techniques, as they could irrigate a larger area. These crops are 
garlic, maize, and tomatoes, and were sold at the local markets. 

Water 
harvesting 

Improved access to drinking water via two roof-water harvesting 
systems. These structures reduce walking distances to drinking  
water for families, and increase the useable water in the catchment. 

Implemented, but the effect is not assessed in this research. 
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4. Overall Discussion and Conclusions 

This paper has described the implementation of a stepwise approach to adaptation, including: 

stakeholder participation; measurements of environmental conditions; and modeling. Here, we discuss 

the findings on climate change impacts, the vulnerability analysis, and the step-wise participatory 

approach. We end by discussing the policy implications of the findings. 

4.1. Climate Change 

The modeling activities showed that under climate change the glacier volume decreases and 

eventually disappears and that river discharge reduces. However, through hydro-chemical analysis of 

surface water, a better understanding of the hydrological system was achieved, showing that a decrease 

in meltwater is not the most important factor that influences the amount of irrigation water available in 

the study area. It appeared that the springs in the Chorunga catchment are mainly dependent on rainwater, 

and not on meltwater from the glacier. However, as a result of climate change, precipitation is projected 

to decrease by 27% in 2050, and temperatures are projected to increases leading to increased potential 

evaporation. These changes are expected to negatively affect water availability during the growing 

season, and to increase the exposure of the communities to water shortages. The discharge in a 

comparable catchment is projected to decrease by almost 50% towards 2050 [70], and for the  

Ocoña River as a whole the projected decrease is circa 31%. The latter result is comparable to the results 

of the analysis of other river basins in the Andes [42,62]. The larger decrease simulated at the catchment 

scale might be related to the scale of the modeling. At smaller scales, the impacts for specific areas can 

be more extreme, while, on the basin scale, these effects might be diluted due to the averaging out the 

input of multiple catchments. The trends in reduced water availability and associated negative impacts 

on the communities are already observed in other parts of the Andes [36]. 

4.2. Use of the Vulnerability Concept 

Even though research shows that it is difficult to quantify vulnerability [10,71,72], we applied an 

approach to quantitatively assess vulnerability in order to support the process of community-based 

adaptation. In addition to existing theoretical approaches, this bottom-up approach provides a 

methodology for determining the vulnerability of households. We found that vulnerability ranges from 

0.07–0.57 on an ordinal scale from 0–1. The largest group of households scores in the range  

0.20–0.30, indicating that the households do not perceive themselves as very vulnerable. Interestingly, 

all households with a vulnerability of above 0.2 have the maximum score on risk, which indicates that they 

perceive themselves to be very exposed and very sensitive to risk. However, most of the respondents 

consider the identified adaptation measures as very effective (RE) and strongly reduce their vulnerability. 

The households in the study area are generally seen as the more vulnerable communities in the country [73]. 

This does, however, not directly follow from the index used in this paper. The RE might lead to an 

underestimation of the vulnerability, as the households might not have the means to implement the 

adaptation measures (economic, social, institutional, technological) (e.g., [23,74]), or do not perceive 

their household to be able to implement the indicated adaptive measures themselves [21,22,75].  

This shows a limitation of our method, which uses data from a survey that was designed to identify 
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adaptation measures that were considered to be effective by households. Therefore the RE is high for 

many respondents and hence perceived vulnerability relative low. In future research it is, therefore, 

advisable to gather additional data on whether the households consider themselves able to implement 

the measures that they consider to be effective, and if they intend to take the measures [76]. However, 

the method reveals relevant differences between households in the same region, and is useful as a tool 

to explore relative differences within the community. 

The survey results also reveal information on the characteristics of household vulnerability to drought. 

The factors significantly correlated with vulnerability are: water entitlement in h/year; area of irrigated 

land; income; and education. Households with the smallest water entitlement appear most vulnerable, 

due to their relatively high sensitivity to droughts. The other factors, which are area of irrigated land and 

income, are strongly related to the water entitlements. Hence, the amount of water is the key determining 

factor. This is in line with other studies on factors influencing vulnerability [36,65,66]. The factors 

income, area of irrigated land and education are also significantly related to the households’ RE. When 

focusing solely on the households for which agriculture is the main economic activity, the correlations 

between the factors and vulnerability are even stronger. This indicates that there is a relationship between 

the households’ vulnerability and if they have a water-dependent livelihood. 

The vulnerability index developed in this study proved to be appropriate for communicating about 

vulnerability to climate change and its correlating factors with different stakeholders. The outcomes of 

the RE assessment are relevant for policy making, since they are an indication of the factors on which 

policy could focus to reduce the vulnerability to drought. Furthermore, a vulnerability index can be 

applied to monitor the effectiveness of the (adaptation) measures for the households by repeating the 

survey some years after the implementation of the measures. After implementation the sensitivity to 

drought of households that have taken adaptation measures should have reduced. 

4.3. Stepwise Approach  

Mansuri and Rao [26] argue, on the basis of a review of the World Bank project portfolio, that 

community-based and participatory projects are best undertaken in a context-specific manner, with a 

long time horizon, and careful and well-designed monitoring and evaluation systems. We followed this 

suggestion and included communities in each step of the decision-making process, supported by 

stakeholders, ranging from NGOs and government organizations to experts and knowledge institutes. 

The six steps of the participatory approach helped to structure the process of developing and 

implementing adaptation measures, and its interaction with stakeholders throughout the process is 

comparable to the study of Huggel [73], which has been published recently. Several of the measures 

were implemented, and were partly funded by the municipality and/or by the participants. This indicates 

that the measures were accepted by the local communities, and supports the premise that participation 

leads to more sustained and better accepted decisions [15,25–28,77]. Additionally, this joint funding 

might help to increase the community’s adaptive capacity, as argued by Murtinho et al. [78]. They found 

that, if external support is contributing to the internal efforts and resources of the community, this 

strengthens their adaptive capacity. However, if external support is unsolicited, the opposite might be 

the outcome. As a result of the stepwise approach different adaptation measures were selected for 

implementation than would have been selected if a top-down approach had been followed. At the start 
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of the project, the main problem of the area seemed to be the melting of the glacier, which would affect 

water availability. Due to better insights into the water system and the impacts of climate change, the 

main problem appeared to be efficient water use, and storing water in the area where it is used, instead 

of creating storage at high altitudes close to the glacier. The selected adaptation measures in our study are 

comparable to those described in [36] for a similar catchment in Bolivia, and to those identified in [78] for 

111 rural communities in the Columbian Andes, which also used a stakeholder approach in their studies. 

These measures are in line with adaptation options as reported in, for example, the National Adaptation 

Plan of Action, and the Second National Communication on adaptation of Peru [79]. However, in our 

studies the suitability of the measures have been evaluated using different methods, which is not the case 

for many of the measures reported in NAPAs. As our study area is representative for other Andean 

farmer communities, the results are also relevant for policymakers and practitioners in other parts of the 

Andean region. 

After the implementation of the measures, there was no possibility to thoroughly evaluate the effects 

of the different measures on the households. A short evaluation was carried out by the funding agency, 

which indicated that most of the measures were having positive impacts on the users [67], and that the 

approach was suitable for projects in these kinds of areas. However, to be able to learn about the 

effectiveness of the approach, these types of projects should include an evaluation of the measures 

several years after implementation in terms of their project design and project funding. This evaluation 

should include an assessment of the distribution of benefits within the community, as a risk associated 

with these projects is that only people with better access to power are reached, and the most vulnerable 

households are marginalized [26]. 

By combining physical-hydrological and socio-economic information the approach improves the 

access to information and knowledge networks. According to [73,80] this is lacking in most parts of the 

global South, especially at the community level. Hence, making information available can empower 

people to help reduce their vulnerability [47]. 

4.4. Policy Implications 

From the onset of the project both the local and provincial governments were actively involved. They 

were informed on developments and insight that evolved within the consortium, in order to ensure that 

they would support the proposed measures. The local dialogues consisted of engagement with the 

municipalities to discuss the inclusion of different measures in local development budgets. Furthermore, 

the activities of the project were integrated in the local Water Platform, which brings together all the 

different parties concerned with the management of water resources in the area. We also linked the 

project to the process of developing a river basin management plan, especially using the outcomes of 

consultation tables on upstream and downstream issues and on the results of downscaling climate change 

scenarios. Also the ex-ante assessments of the different adaptation measures were shared, as these are 

important when considering upscaling and replication of the developed measures [81–84].  

Using the results of the project, the regional government of Arequipa declared the necessity to create 

a Consejos de Cuencas Regionales, or River Basin Management Committee, for the Ocoña basin.  

In December 2011 this activity resulted in a meeting with the main stakeholder groups (mayors, and 
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representatives of mining and agricultural groups) to establish a joint management plan, which should 

feed into the basin plan at a later stage.  

The stepwise approach proved to be suitable to structure the process of developing and implementing 

adaptation measures jointly with a wide range of stakeholders in a rural area in Peru. It enabled the 

inclusion of information ranging from the local to the global scale and led to the joint implementation of 

several community-based measures. 
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Appendix A 

Table A1. Questionnaire. 

General household information 

Village:  Household name: 
Household Nr.: Spoken to: 
Riegos: GPS point: 
GPS coordinates:  

A1. Household 

a. What is the composition of the family (sex and age)? And what is the educational level of the adults? 

Education level adults: 99 = Unknown / 0 = None / 1 = Elementary (incomplete) / 2 = Elementary / 

3 = Highschool (incomplete) / 4 = Highschool / 5 = Superior 
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b-1. Did family members migrate out of the region in the past five years? No / Yes 

b-2. If yes, can you give the reason? 99 = unknown / 0 = none / 1 = labor /2 = family / 3 = education / 4 

= health / 5 = lack of water 

A2. Economic Situation 

a-1. What is your main livelihood activity? 99 = unknown / 0 = not working / 1 = agriculture /  

2 = livestock breeding and animal products / 3 = private business / 4 = pension or social assistance /  

5 = house holding / 6 = paid labor government / 7 = paid labor private sector / 8 = other 

a-2. Do you have other sources of income besides your main livelihood activity? If yes, could you 

describe which and how they generate income during the year? 99 = unknown / 0 = not working /  

1 = agriculture / 2 = livestock breeding and animal products / 3 = private business / 4 = pension or social 

assistance / 5 = house holding / 6 = paid labor government / 7 = paid labor private sector / 8 = other 

b. How do you assess the economic situation of your household? 

Code Value Answer 

0  Do not know 
1 -- There is sometimes not enough food available 
2 - No severe problems with food and clothes 
3 +/- Enough money for food, clothes, health care 
4 + Enough money for some luxurious objects like motorbikes 
5 ++ Good, have a/can afford a car and own/can afford a good house 

c-1. What do you earn with these sources of income a month (in /s)?  

c-2. Has your income changed in the past years and can you give a reason for this change?  

Increased / Decreased / Stayed the same 

Reason: 99 = unknown / 0 = none / 1 = water-related farming practice / 2 = land quality / 3 = market 

demand / 4 = inadequate water / 5 = more water / 6 = better community organization / 7 = mining 

companies / 8 = migration / 9 = family support / 10 = diseases/plagues / 11 = inflation /12 = other 

d. Do you have monetary savings (in /s)? yes / no 

e. What would you sell if you have a lack of money? 99 = unknown / 0 = none / 1 = land /  

2 = animals / 3 = house / 4 = harvest / 5 = labor / 6 = water 

A3. Agriculture and Livestock Breeding 

a. How much land do you…? (topos) 

 Total Irrigated Non-irrigated 

Own    
Rent    
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b. What crops/trees do you grow on your farm? 

Crops Topos Production Own consumption Commercial Price per… 

Maize      
Potatoes      
Alfalfa      
Beans      
Quínoa      
Barley      
Wheat      
      
      

Fruit trees No. of trees Production Own consumption Commercial Price per… 

      
      

c. Which methods do you use to improve the land productivity? Soqas and heras / Sucros (contour 

bands) / Chemical fertilizer / Natural fertilizers 

d. Do you own livestock? How many per species, and for own consumption / sale, and price per animal 

e-1. Does the harvest fail every once and a while? If yes, once in the how many years? What is the 

reason for the failure? 99 = unknown / 0 = no / 1 = yes, frost / 2 = yes, plagues / 3 = yes, floods /  

4 = yes, inadequate water / 

5 = yes, lack of support 6 = reason unknown 

e-2. What would you do if this happens (sell property, migrate, lend from neighbor, etc.)?  

99 = unknown / 0 = nothing / 1 = adjustment in crops / 2 = invest in water / 3 = social network /  

4 = invest in land quality / 5 = change growing season / 6 = invest in pesticides 

f-1. If you would have a lot of money, how would you invest this to overcome years with bad harvests? 

99 = unknown / 0 = nothing / 1 = invest in crops / 2 = invest in water quantity / 3 = invest in irrigation 

quality / 4 = invest in land quality / 5 = invest in land quantity / 5 = bank / 6 = technical support / 7 = invest 

in education / 8 = technical solution (green house) 

f-2. What would you do if you had more water available? 99 = unknown / 0 = nothing / 1 = produce 

more crops / 2 = produce more alfalfa / 3 = invest in livestock / 4 = invest in land quantity / 5 = invest 

in reservoirs / 6 = invest in irrigation techniques 

A4. Water 

a-1. How much water do you use? For domestic / irrigation / Livestock / other 

a-2. Is there a change compared to 5 years ago and can you indicate a reason for this change? 

Change: 99 = unknown / 0 = stayed the same / 1 = increased / 2 = decreased 

Reason: 99 = unknown / 0 = don't know / 1 = more efficient / 2 = less water available / 3 = more heat / 

4 = others 

a-3. In which period would you like to receive more water? 

Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec. 
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b. Does your family pay for the use of domestic water and the use of irrigation water?  

c-1. How often do you irrigate your crops?  

c-2. Do you agree with the distribution of water in your water board?  

c-3. How often would you like to receive irrigation water for your crops?  

A5. Climate Change 

a-1. Do you think the following factor has changed compared to 10 years ago?  

 

Before (10 years ago) Present 

Same 
Don’t 
know 

When did it 
start?  

When did it 
finish?  

When does it start? 
When does it 

finish?  

Rainfall       

a-2. Do you think the following factors have changed compared to 10 years ago? 

 Increased Decreased Same Don’t know 

Rainfall intensity     
Heat     
Frost     

b. How frequent did the following threats occurred in the last 10 years?  

Impacts Do not know Not frequent  Neutral  Very frequent 

Droughts     
Floods     
Erosion     

Freezing of crops     
Diseases (humans)     

Plagues (animal, plants)     
Earthquakes     

A6. Sensitivity 

a. Do you think will have the most negative influence on your livelihood?  

Impacts Do not know No influence  Neutral  Large influence 

Droughts     
Floods     
Erosion     

Freezing of crops     
Diseases (humans)     

Plagues (animal, plants)     
Earthquakes     

Disappearing of glaciers     

b-1. Taken into account the impact discussed before, how vulnerable do you consider your livelihood 

to climate related impacts compared to your neighbors? I have an average vulnerability /  

I have a higher than average vulnerability / I have a lower than average vulnerability 
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b-2. Taken into account the impact discussed before, how vulnerable do you consider your livelihood 

to climate related impacts compared to other communities? I have an average vulnerability / I have a 

higher than average vulnerability / I have a lower than average vulnerability 

b-3. Did you ever experience a seasonal drought since you live here? 

A7. Willingness to adapt 

a-1. How will you react to more frequent droughts/ less water available during growing season in 

order to prevent failure of your harvest? 99 = unknown / 0 = do nothing / 1 = cultivate less / 2 = change 

crops / 3 = less livestock / 4 = increase reservoir capacity / 5 = improve irrigation / 6 = organize better / 

7 = migrate/other job / 8 = invest in water / 9 = buy water /10 = other 

a-2. What should/could the community do to react to more frequent droughts? 99 = unknown /  

0 = do nothing / 1 = organize better / 2 = help government / 3 = technical support / 4 = dams/reservoirs 

/ 5 = share harvest / 6 = migrate / 7 = improve irrigation system / 8 = stimulate new employment /  

9 = adapt crops 

b-1. How will you react to more intense rainfall during growing season? 99 = unknown /  

0 = do nothing / 1 = discharge channels / 2 = plant crops / 3 = sell harvest / 4 = migrate / 5 = decrease 

frequency riegos 

b-2. What should/could the community do to react to more intense rainfall? 99 = unknown / 0 = do 

nothing / 1 = organize better / 2 = dams/reservoirs / 3 = plant / 4 = discharge channels / 5 = technique / 

6 = other 

c. Can you rank the priorities of the following measures / strategies for you and for the community to 

react to more droughts?  

Fill in: I = individual C = community 
Not Effective Neutral Very Effective Don’t 

know -- - +/- + ++ 

Do nothing       
Change crops       

Change planting dates       
Change livestock       

Conserve upstream vegetation       
Conserve wetlands       

Increase reservoir capacity       
Improve water distribution       

Improve agricultural practices in the community       
Mobilize the community to act together       

Change profession       
Take a second job       

Migration       
Micro credit       

d. Can you rank the adaptive measure under minor CC (10% less water during growing season) and 

major CC (once in the years no water during growing season). 1 Improve irrigation channels / 2 Increase 

storage of reservoir / 3 Increase storage upstream / 4 Drip irrigation / 5 Roof water harvesting / 6 Change 

water distribution system, every 15 days / 7 Get different job / 8 Emigrate 
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e-1. Who do you think is responsible to arrange adaptive measures to climate related hazards? 99 = 

unknown / 0 = don’t know / 1 = government / 2 = community / 3 = NGO’s / 4 = foreigners / 5 = water board  

e-2. What does the government do, does it help, nothing, opposes? 99 = unknown / 0 = do nothing / 1 

= help / 2 = oppose 

e-3. What do you expect from the government? 99 = unknown / 0 = do nothing / 1 = help /  

2 = improve access to microcredits / 3 = technical help / 4 = invest in dams/reservoirs and new water 

sources / 5 = improve irrigation system 

Table A2. General characteristics of interviewed households. 

 Mean SD 

Average age interviewed (years) 
Average age husband/wife (years) 

60  
57 

15.9 
15.3 

Average number of children part of household 
0–4 years (%) 

5–15 years (%) 
>15 years (%)  

1.41 
4 
33 
63 

1.39 
 
 

Average educational level a 2.7 1.4 

Economic situation: 
Farming as primary activity (%) 

 
44 

 

Average economic situation b 
Average income (soles/month) 

Households with monetary savings (%) 

2.0 
660 
0.1 

0.77 
801 

Agriculture and water: 
Average water entitlement (h/year) 

Average irrigated land (ha) 

 
36 
5.1 

 
74 
2.3 

a = Scale 1–5, 0 = no education, 1 = incomplete primary education, 2 = primary education, 3 = incomplete 

secondary education, 4 = secondary education, 5 = higher education; b = Scale 1–5, 1 = sometime s no food,  

5 = big house, car. 

Table A3. Spearman correlation socio-economic factors. Spearman correlations for the 

determining factors. 

 
Water Entitlement 

(h/year) 
Area irrigated 

Land 
Income Education 

Water entitlement (h/year) n.a. 0.386 ** 0.374 ** 0.119 
Area irrigated land 0.386 ** n.a. 0.543 ** 0.350 ** 

Income 0.374 ** 0.543 ** n.a. 0.551 ** 
Education 0.119 0.350 ** 0.551 ** n.a. 

* Correlation is significant at the p = 0.05 level (2-tailed); ** Correlation is significant at the p = 0.01 level  

(2-tailed). 
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