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ABSTRACT 

 
In the semi-arid Limarí River basin, Region of Coquimbo in northern Chile sixty percent 

of years receive less than the long-term average annual precipitation, and dry spells tend 

to be multi-year. Below-normal precipitation is not always associated with ENSO cycles, 

but shows a high correlation to El Niño 3 region sea surface temperature.  

 Since early during the colonial period, land in Coquimbo was utilized as a source 

of minerals, meat, wheat, and timber for smelters. These extractive productive processes 

caused the destruction of most of the natural vegetation. Impacts of past use have 

persisted until today and the region is still affected by intense degradation. Land 

ownership was originally held in haciendas and communes. Analysis of Landsat satellite 

imagery shows that vegetation response increases marginally during rainy years in both 

land tenure regimes. Most of the increase is explained by the planting of rainfed wheat 

and the response of less palatable native species such as Gutierrezia spp. Hence, the 

capacity of natural vegetation to respond to above normal precipitation is limited on both 

private and communal lands.     

 Twenty five percent of the land belongs to agricultural communes, and families in 

these communes are considered to be poor or indigent. Three agricultural communes 

were surveyed, and a vulnerability index was constructed based on the community right-

holders’ responses. Findings show that access to productive resources (i.e., land, water, 

technology, credit) is a key determinant of differential vulnerability. Vulnerability is 

defined here as the capacity of an individual or a community to adapt (or cope, or 

respond) to drought. Differences in access within communities are caused by the 
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inequitable distribution of land by the communes’ boards of directors in the recent past. 

Access to agricultural credit is limited because families do not have collateral.  

Vulnerability is also conditioned by access to water, greenhouses, irrigation technology, 

chemicals, and improved seed. The most vulnerable families depend on off-farm 

employment provided by private agriculture. Governmental responses are reactive based 

on emergency relief rather than proactive: there is no drought long-term planning, nor 

consideration of differential levels of vulnerability levels among different segments of the 

population.   
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CHAPTER 1 

INTRODUCTION 

Explanation of the Problem and Its Context 

Droughts are common in the semi-arid region of Chile. La Serena (29.90ºS-71.20ºW), the 

capital of Coquimbo, has been affected by multi-year droughts over the past several 

centuries (Schneider 1969, cited by Bahre 1979). Droughts tend to be correlated with La 

Niña cycles.  

In this region, livelihoods are dependent on ranching and farming systems for 

both commerce and subsistence. In these environments land-cover changes have resulted 

from the combined effects of several long-term processes (Serneels and Lambin 2001) 

such as overgrazing, fuelwood collection, burning, and inappropriate agricultural 

practices including agricultural intensification (Verstraete and Schwartz 1991, Weber et 

al. 2000). Some researchers have found that these processes have resulted in decreased 

primary productivity, and accelerated soil erosion by wind and water, as well as the 

invasion of unwanted plant species that lower the economic potential of the landscape. 

This results in a decrease in the quality of primary production (Schlesinger et al. 1990). 

Others (e.g., Westoby et al. 1989) suggest that rangeland vegetation conditions may vary 

in the short- or medium-term (i.e. 2-3 yr or 15-20 yr) among several different states, 

depending on the combination of climatic circumstances and the management actions 

taken (e.g., drought, grazing, removal of grazing). Therefore, they argue, rangeland 

management must be opportunistic or flexible, taking into account the climate variations 
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and employing strategies that seek improvements of land-cover, thereby increasing long-

term agricultural productivity.  

In terms of the international scientific agenda, there is a need to document 

changes in land cover at various scales, and to understand what the major causes of 

change are from an historical perspective if changes are to be anticipated and 

accommodated. The historical perspective is necessary to provide a socio-economic and 

cultural context to understand the evolution of land-cover (Endfield and O’Hara 1999). 

Land-cover has been defined as the “biophysical attributes of the earth’s surface” 

(Lambin et al. 2001), and the study of its change at, for example, the community level is 

relevant in terms of providing paths for decision makers whenever remedial actions are 

needed to overcome negative societal impact on the land.  

Finally, it is necessary to underscore the fact that drought and long-term 

ecosystem degradation differentially affect households living in communal lands in the 

semi-arid region of Coquimbo in northern Chile. During times of hardship these 

households see their livelihoods disrupted because of declines in agricultural production, 

livestock losses and outmigration of household members in search of employment. 

Despite the precarious economy, this area continues to be inhabited by the heirs of those 

to whom communal lands were granted during the Colonial period in the 1500s. This 

land tenure arrangement was adopted as a means to avoid subdivisions of land that would 

ultimately render parcels unsustainable. Larger parcels would allow the inhabitants to 

cope better collectively with reduced yields that come with recurrent droughts (Gallardo 

1998). As in every community, however, there are households that for a variety of 
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reasons may be better adapted to dealing with drought than others.  

Part of this study focuses on the differential vulnerability to drought, defined as 

the capacity of an individual or a community to adapt, cope, or respond to this external 

stress, of inhabitants of agricultural communes in northern Chile. It draws from the 

concept of Kelly and Adger (2000) in the sense that vulnerability analysis should be a 

starting point for remedial action in dealing with the impacts of climate variability. The 

adaptive responses that the affected populations have developed over time are also an 

important issue related to vulnerability (Smit et al. 2000). The analytical framework 

considered here was proposed by Liverman (1994). It considers vulnerability assessment 

as a multidimensional exercise that considers aspects such as the physical environment, 

political-economic, and social conditions.  

Researchers presume that in all likelihood extreme events will occur in the future 

once mean climatic conditions suffer significant shifts (Burton 1997, Klein and Maciver 

1999, Magistro and Lo 2001). Thus, the study of vulnerability and adaptation to drought 

is a fruitful area of research because it can be used to inform government policy seeking 

to minimize the impacts of climate variability on those social groups that might be most 

affected by adverse change in the future. In this sense, Lenton (2002) suggests that 

“adaptations and impact mitigation on seasonal to interannual time scales will be critical 

in adapting to and mitigating the impacts of longer-term climate change as well.” And 

even though there are some examples of current adaptations in industrialized countries, 

such as those described for ranchers in the US Southwest (Finan et al. 2002), there are 

few studies describing vulnerability and adaptations to drought in semi-arid environments 
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in southern South America.  

Study Site Description 

The study area is in the Limarí River basin located in the Region of Coquimbo (or Region 

IV) in northern Chile. The region of Coquimbo has a transitional climate that lies 

between one of the earth's driest deserts, the Atacama of northern Chile (with average 

annual rainfall of 1 mm or less for some locations) and the more humid environs of 

central Chile (with an annual average of approximately 400 mm). The climate in 

Coquimbo is considered Mediterranean (Borgel 1973) because most precipitation falls in 

the winter (May-August) and the summer is dry (Montecinos et al. 2000). Within this 

region, average annual rainfall ranges from less than 75 mm in the northern coastal areas 

to more than 350 mm in southern portions of the region (Bahre 1979). 

 Some topographic features of Coquimbo not only play an important role in the 

regional and local climatic conditions, but affect local circulation patterns. The Andes 

Mountains prevent any Atlantic influence from reaching Chile leading climatologists to 

designate different regimes in the greater region as existing "east of the Andes" and "west 

of the Andes" (Grimm et al. 2000). The coastal mountain range is rather low (400-600m) 

and does not prevent incoming moist air from the Pacific Ocean from reaching the 

Andes. Thus, the Andes Mountains generally receive the highest rainfall amounts 

compared to lower elevations on any given east-west transect, due to topographic uplift 

and the resultant further condensation of moist air. The presence of the southeast Pacific 

anticyclone and offshore cold waters transported from Antarctica by the Humboldt 

Current contribute to the aridity of this area by creating great atmospheric stability and a 
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thermal inversion layer between 800 and 1,200 m that restricts cloud development in the 

coastal fringe (Schneider 1982, Ledin 2000). 

 The Limarí River basin is where the bulk of the agricultural communes are 

located within the Region of Coquimbo, and where most of the agricultural output is 

generated. Rural poverty, especially within agricultural communes, is another 

characteristic of the Limarí basin. Hence there is relevance in exploring the links between 

drought, degraded ecosystems, and household vulnerability. 
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FIGURE 1. MAP OF REGION OF COQUIMBO DEPICTING STUDIED 

AGRICULTURAL COMMUNNES  
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Explanation of Dissertation Format 

The main body of this dissertation is contained in three appendices (A, B, and C). These 

are individual research manuscripts that are integrated into the dissertation as a whole. 

All three manuscripts are based on secondary data collected in Chile from public 

agencies, and primary data collected through in-depth interviews of public officials in the 

study area, and a semi-structured questionnaire applied to a sample of households living 

in three selected agricultural communes in the Region of Coquimbo, northern Chile 

(Figure 1). Another set of data was derived from the analysis of remotely sensed images 

of the study area. The study area comprises the Limarí River basin, one of the three 

basins that form the Region of Coquimbo. This is a semi-arid region and one of the few 

places where communal lands exist in Chile. 

Relationship among appendices 

The first appendix considers the questions (1) is the precipitation regime in the study area 

associated with El Nino events?, and (2) is there a measurable decrease in annual 

precipitation over the period of record? The study characterizes the study area 

precipitation regime through the analysis of 102 years of monthly precipitation records. 

The analysis also examines the relationship between local precipitation and interannual 

climate variations such as El Niño/La Niña phenomena. The question of increasing 

dryness through time is examined through linear regression analysis of these data.  

The second appendix addresses the two following questions: (1) What is the 

historical context determining private and communal land cover change in the Limarí 

River basin?, and (2) Does existing vegetation, especially in rangelands, respond 
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differently to above-normal precipitation as a function of land tenure regimes? In it, I 

analyze the response of natural vegetation to above- and below-normal precipitation as a 

function of land-tenure regimes (i.e., private property and communal lands) within the 

Limarí River basin through the analysis of remotely sensed satellite imagery. It also 

documents from the historical perspective the origin of modern private and communal 

holdings. In this sense, the manuscript combines the utilization of technology and 

historical analysis to help explain the current state of an ecosystem affected by recurrent 

droughts and accompanying variable land use pressure. 

The third appendix addresses the following questions: It addresses the following 

research questions: (1) Are member households in the agricultural communes vulnerable 

to drought, and what are the different degrees of vulnerability within one agricultural 

commune?, (2) What are the main determinants of their vulnerability to drought?, (3) 

What are the main strategies developed by vulnerable households to cope with drought?, 

and (4) What actions have been taken by the central/local governments to mitigate 

drought impacts among these groups? The study combines qualitative and quantitative 

sources of data to assess different degrees of vulnerability to drought faced by households 

living in three different agricultural communes. In this assessment, several public policies 

are also examined through interviews with governmental officials in order to determine 

the role of the public sector in influencing the social impact of drought.  

As a whole, through the utilization of a variety of sources of data and of methods, 

this work: (1) describes the characteristics of the climate, the causes of aridity, and the 

influence of remote ocean-atmospheric processes that affect the study area, (2) analyzes 
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the response of vegetation to precipitation as a function of land tenure, and the historical 

reasons that help explain the nature of that response, and (3) examines the differential 

vulnerability to drought of rural households that depend on the exploitation of resources 

in communal lands, which is one of the land tenure regimes present in the study area. 

Contribution of the author 

All three papers were the result of research conducted by me. I carried out the collection 

of primary and secondary data during 1998 and performed all analyses in 1999 and 2000. 

All work was possible thanks to a 1998 NASA Earth System Science grant. 



 20 

CHAPTER 2 

PRESENT STUDY 

Summary 

The literature review, data, methods, discussion and conclusions of this study are 

presented in the appendices. The following sections summarize the methods and most 

important findings.  

Methods 

To characterize the study area’s precipitation regime, monthly precipitation data for 

seven stations in the Limarí River basin were analyzed. Data for the study area were 

grouped and averaged according to the geographic location of three study sites along the 

Limarí river basin. The three study sites are the Agricultural communes Los Clonquis, El 

Tome, and El Durazno (Figure 1). Data within each study site and across sites are highly 

correlated (>0.95 at the 0.05 level). Thus, one annual series can be used to represent the 

area for further analyses (Nicholson 1983). The coefficient of variation, that describes the 

spread of a dataset as a proportion of its mean, is presented here as a measure of the 

variability nature of rainfall in a semi-arid region. 

To compare and visualize the long-term evolution of rainfall in the study area, the 

station at Pudahuel, located 400 km south of the study area was used as control.  Monthly 

data for the study area and Pudahuel were standardized according to the procedure 

described by Nicholson (1979, 1983, 1985), and Nicholson and Palao (1993).  

The relationship between ENSO and the winter precipitation was assessed in two 
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ways:  

(1) Annual and winter (May-August) precipitation were correlated to four tropical 

Pacific Ocean SSTs (i.e., Niño 1+2, Niño 3, Niño 3.4, Niño 4, that correspond 

to the different latitudes along the equatorial Pacific Ocean where surface 

temperature is measured) to determine which sea surface temperature (SST) 

measurement is the most closely associated to the precipitation anomalies 

along the Limarí river basin. The SST anomalies were used for the analyses. 

The anomaly is the difference between the observed temperature and the long-

term mean; and 

(2) Winter precipitation data from the study area and Pudahuel were fitted 

through a regression line using the SST anomaly as the independent variable.  

 

The 102-year record of winter precipitation was used to classify each year as rainy 

or dry according to the methodology detailed below. Years thus classified were then 

compared to El Niño/La Niña events. The criteria used to categorize seasonal SSTs and 

El Niño/La Niña are also explained below. 

The drought classification adopted in this study follows the methodology used by 

the Indian Meteorological Department (Das 2000):  

Mild drought: seasonal rainfall deficit less than 25 percent of the long-term 

average, 

Moderate drought: seasonal rainfall deficit between 25 and 50 percent, and  

Severe drought: seasonal rainfall deficit exceeds 50 percent of long-term average. 
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The same criteria were followed to classify the wet years (i.e., mildly wet, moderately 

wet, and extremely wet).  

Similarly, and according to the Western Regional Climate center (WRCC 2000), a 

SST anomaly was classified as: 

Strong El Niño (SE) when the SST anomaly is 1,0 or more, 

Moderate El Niño (EN) when the SST anomaly is between 0.5 and 1.0, 

Neutral when the SST anomaly is between -0.5 and 0.5, 

Moderate La Niña (LN) when the SST anomaly is between -0.5 and -1.0, and 

Strong La Niña (SL) when the SST anomaly is -1.0 or less. 

Data thus classified were contrasted to the annual and seasonal classification 

provided by the JMA and the CPC. A majority rule was applied in the classification.  

Finally, to explore the hypothesis of increasing aridity, standardized data were 

regressed over time. 

As a means to assess the differential impact of management between communal 

and privately owned lands described in Appendix 2, differences in vegetation cover 

response to rainfall were calculated utilizing Landsat TM imagery acquired during two 

rainy years—1987, 1997—and two dry years—1986, 1998. Imagery acquisition dates 

were August 31, 1986; July 30, 1987; July 31, 1998; and September 14, 1997. Following 

atmospheric correction and radiometric rectification, scenes were subset to include a 

section of the Limarí river basin of approximately 565,700 hectares that includes the area 

irrigated by three large dams, and the bulk of the agricultural communes in the province 

of Limarí. Sub-scenes were then registered to corresponding 1:50,000 scale maps from 
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the Chilean Military Geographic Institute. The average number of ground control points 

was 85 per sub-scene, and the average registration error was 0.62 pixels RMS. The Soil 

Adjusted Vegetation Index (SAVI) (Huete 1988) was calculated for each pixel in each 

sub-scene to map relative greenness of land-cover. To assess the difference in vegetation, 

the difference between the 1997 and 1987 image pair and the 1998 and 1986 image pair 

was derived by subtracting one SAVI image from the other (Fung 1990, Jensen 1996, 

Mas 1999, Singh 1989). SAVI thresholds were established at plus-or-minus one standard 

deviation from the mean. To smooth the data, a 7x7 majority filter was applied to the 

SAVI image and pixels exceeding threshold values were flagged. Only areas exceeding 

270 square meters were retained in the final change map for the dry and wet years. The 

area was examined using 1:20,000 scale aerial photography and field verification visits—

with the aid of a Global Positioning System (GPS) unit—to label the nature of the change 

identified in each mapped area. Differences in vegetation in the communes were also 

assessed by means of comparing same-site ground photography taken in 1972 by Bahre 

(published in Bahre 1979) and in 1998 by the author.  

To further assess historical land utilization, secondary data was gathered to 

document land and resource use in the Region of Coquimbo since colonial times. In order 

to document the current expansion of commercial agriculture, secondary data from the 

Region of Coquimbo, the Province of Limarí, and the municipalities of Monte Patria and 

Ovalle were gathered from public agencies. Selected public officials were also 

interviewed.  

The perception of a sample of communal right-holders regarding the state of the 
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land they control and climate issues was assessed through a questionnaire. The survey 

was conducted in forty randomly-selected households in each of three agricultural 

communes in 1998, located in the three main ecological units in the province of Limarí: 

precordillera, interior, and coastal (Pouget et al. 1996).   

Household vulnerability to drought, as described in Appendix 3, was measured. 

The characterization of household economies in three agricultural communes was done 

with data gathered through a structured socioeconomic questionnaire. The questionnaire 

consisted of sections addressing topics such as (1) household demographics, (2) on- and 

off-farm income generating activities, (3) access to land and water resources, (4) food 

consumption patterns during droughts, and (5) other coping strategies that were employed 

during times of stress. 

The studied agricultural communes were selected after interviewing experts from 

the local University of La Serena and other public agencies such as the regional 

secretariat of the Ministry of National Goods, and the author’s own rapid appraisal. This 

study is based on a survey of 120 families and 500 individuals. With such a small sample, 

the findings of this study are intended to be descriptive and not statistically representative 

of all 160 communities and the estimated 80,000 individuals within them. The 

questionnaire, consisting of 70 questions, is available from the author.  

Household annual income was estimated directly from responses to the 

questionnaire. Respondents were also asked about prices of produce and goods that were 

sold and consumed. In the absence of these data for some respondents, average prices 

were calculated from other respondents in the same location. Per capita annual income 
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was calculated based on the number of members in each household. For subsequent 

analyses, households were classified as indigent, poor and non-poor based on 1998 

Chilean government definitions. Thresholds for assigning respondents to a classification 

are based on the cost of a set of standardized goods considered as necessary to satisfy 

basic needs. Family income includes “autonomous” income (such as sales of products, 

salaries, independent jobs, and pensions), remittances from migrants, and transfers from 

the State such as subsidies. The 1998 thresholds for the annual rural indigence and 

poverty lines were 175,176 Chilean pesos (Ch$) and Ch$306,552 respectively 

(MIDEPLAN 2000), per capita per annum. As of December 30, 1998 these amounts 

corresponded to US$388 and US$679, respectively. Households whose income exceeded 

these thresholds were classified as non-poor. 

In order to measure differential vulnerability to drought, the survey instrument 

contained questions regarding households' access to: (a) land; (b) water; (c) agricultural 

technology (i.e. improved seeds, fertilizers, fungicides, herbicides, insecticides); (d) 

technology transfer (by either public or private organizations); (e) credit for agricultural 

production; and (f) markets. All of these elements can add flexibility and difuse risk 

during dry years (Liverman 1994, Roncoli et al. 2001). Each household's livestock 

holdings at the end of 1998 were also recorded because livestock can be considered a 

relatively liquid asset whose sale can help sustain the family during a drought or other 

emergencies. 

Access to other resources such as services provided by the State (i.e. education, 

health care, drinking water, electricity, sewerage), and family savings in the form of 
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goods such as TV, refrigerator, and stove were computed as "non-productive resources" 

because they do not directly contribute to agricultural production or other income 

generation. An index of "overcrowdedness", which is used by the Chilean government to 

target public policies, was also computed. The index is a ratio that relates family 

members to the number of rooms in the house. A household is considered excessively 

crowded whenever the ratio is equal or greater than 3 (MIDEPLAN 2000). 

As a means to measure vulnerability, Vogel (1997) argued that we need to use "a 

matrix of social indicators that can ultimately form a part of a vulnerability profile which 

includes class, age, gender, ethnicity on the one axis and access to resources and 

locational patterns on the other." To date, however, few studies have attempted to 

develop a method that would allow the comparison of vulnerability measurements. Finan 

and Nelson (2001) used a matrix to summarize extensive field data collected for their 

vulnerability-to-drought analysis for Ceará, northeast Brazil. Their matrix combined 

different levels of income and agricultural production, and was used to generate different 

types of households’ vulnerability to drought.  A similar procedure was followed in this 

study to generate a matrix that summarizes data by tabulating access to resources by 

income category (i.e. indigent, poor, non-poor) and by location (i.e., Los Clonquis, El 

Tome, El Durazno). Additionally, weights were used to obtain an "access to resources" 

matrix of unitless values, in a similar fashion to Yohe and Tol (2002). Being unitless, this 

matrix allows comparisons between different measurements of vulnerability. Weights are 

an average value calculated from the values determined independently by a panel of three 

experts (two anthropologists and a geographer) and the author, who ranked each variable 
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from 1 to 10 based on the influence they felt it might have in decreasing people's 

vulnerability: the greater the weight, the greater the variable's effect in reducing 

vulnerability. The weighted values of ‘productive’ and ‘non-productive’ resources were 

totaled to form a composite index (Sen in Desai et al. 1992) called "access to resources 

index." This index was broken into terciles, with categories labeled as low, medium, or 

high access to resources. These three levels of access to resources were then combined 

with the income categories in a "vulnerability matrix" that designates households as most, 

intermediate, or least vulnerable.  

Regarding government initiatives, expenditures of the Regional Commission for 

Drought were reviewed to explore the effects of public emergency relief programs that 

were pursued during the 1993-97 drought. Annual reports from relevant public agencies 

were reviewed to assess existing governmental efforts. The review was complemented by 

interviews of civil servants including the Governor of the Province of Limarí, and the 

author’s participation in a meeting of the leaders of the Agricultural Communities 

Association and the regional heads of INDAP and PRODECOP. 

INDAP is the National Institute for Agricultural and Livestock Development, and 

PRODECOP is the Rural Development Project for Agricultural Communities and Small 

Producers of the Region of Coquimbo. Both are part of the Ministry of Agriculture. 

Results 

The critical variables that emerged from this study were 1) the precipitation regime, 2) 

the land-use changes through time, and 3) the relative vulnerability of agricultural 

communes households to drought.  
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The precipitation regime of the study area is Mediterranean. Summers are dry, 

with 85.7 percent of annual precipitation coming in winter months between May and 

August. Within the study area, precipitation fluctuates within 142 and 189mm from the 

coast to the Andes Mountains, and the average coefficient of variation is a high (0.73). 

Rainfall and drought are highly correlated to the El Niño cycle, especially the sea surface 

temperature measured in the El Niño 3 zone of the equatorial Pacific Ocean. When 

regressed over time, precipitation tends to decrease, showing a trend toward more arid 

conditions.  

With regard to the impact of precipitation on natural vegetation as assessed 

through the analysis of satellite imagery, the vegetation index increased significantly 

during the wet years and decreased during dry years in the study area. Directional 

changes in this measure were marginal, relative to the size of the study area: during rainy 

years there was a net positive change of 1.4 percent for the area, while during dry years 

there was a net decrease on 0.13 percent. The largest net change occured within the land-

use classes “rangelands” and “rainfed agriculture.” The former corresponded to increased 

greenness of the natural shrub vegetation composed primarily of Fluorensia thurifera, 

Gutierrezia paniculata, Haplopapus sp., Bahia ambrosioides, and Opuntia ovata. Of 

these, the least palatable and therefore more common is Gutierrezia. Most changes 

happened within those agricultural communes in the coastal ecosystem. Differences 

associated with rainfed agriculture corresponded to opportunistic wheat production that 

seeks to exploit periodically favorable rainfall conditions and is still practiced in some 

agricultural communes.  
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The current state of the ecosystem of the Limarí River basin can be best 

understood through an examination of land-use history. During the initial colonial period 

(XVI Century), land was granted by the Spanish crown to high-ranking officials, who 

usually kept these properties undivided as they passed them on to succeeding generations. 

These were the origins of the haciendas. Other small holdings were granted to lower 

ranking officials who did not enjoy access to the hierarchy nor other sources of influence 

or wealth. These farmers/ranchers were less prepared to resist economic crises than larger 

haciendas and were forced to subdivide their properties in order to pass them on to their 

heirs, or to sell parcels to meet their immediate needs. These practices gave origin to 

agricultural communes as we know them today.  

Data collected from households in three agricultural communes show that they 

have varying degrees of vulnerability, or ability to resist and recover from the impact of 

droughts, because of their poverty and limited access to productive resources. These 

differences in vulnerability among communities can be explained by differential access to 

key resources such as land, water for irrigation, and technology transfer programs. 

Access to these resources is controlled by the board of directors within each community, 

and not all the rights-holders within a community have been granted similar resources. 

Thus, vulnerability varies among and within these agricultural communes.  

Conclusions 

Winter precipitation anomalies in the study-area are significantly correlated to Sea 

Surface Temperature anomalies associated with El Niño/La Niña cycles. This means that 

whenever the tropical Pacific Ocean cools, it is likely that below-normal rainfall 
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conditions will prevail over the study area. Nonetheless, historic data show that this is not 

always true. Droughts do not always accompany La Niña conditions, but can also happen 

during El Niño or neutral seasons. This relationship agrees with what has been observed 

in Peru (Franco 1998). In contrast, heavy rains over the study area appear to be more 

closely associated with El Niño. The analysis shows that there is a high correspondence 

between the ENSO signal and variations in the local precipitation regime. ENSO 

variations during May-August affect precipitation within the same months. 

Drought is the dominating feature of the study area’s climate. Sixty percent of the 

years receive below-average rainfall. Moreover, dry spells are more frequent and 

prolonged than wet ones. In several occasions, dry spells span more than half a decade, 

while the extremely wet periods are concentrated in short, one- to two-year rainy winters. 

During the period of record, the wet period of 1897-1906 is the only exception to this 

rule.  

Droughts are spatially coherent throughout the semi-arid region of Chile. 

Whenever a drought affects the study-area, it also affects areas as far south as 31ºS 

(Pudahuel). This has important social and political implications because this is an area 

inhabited by approximately half the Chilean population, and where much of Chile's 

economic activity is concentrated.  

The analyses of time-series data presented here suggest there is not enough 

evidence to accept or reject the notion of a significant increased dryness in the area. 

Likewise, the frequency of extreme droughts seems not to have changed significantly 

over the last century. 
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Historic satellite imagery and ground photography confirm the findings of 

previous research that rangelands in the study area have deteriorated over the past 20 

years. Vegetation in rangelands within the study area responds positively to rainfall, but 

only to a very limited extent. All analyzed vegetation-cover classes show small patches of 

significant increase during wet years. The size of these patches relative to the size of the 

study area or the size of the class is, however, marginal. It can be argued that the impact 

of precipitation on the ecosystem in terms of its primary productivity is short-termed.  

The reasons for a marginal effect of precipitation are rooted in the history of land-

use and stock management since settlement in the Sixteenth century. Historic wood 

cutting for mining, the clearing of land for wheat cropping, continuous overgrazing, and 

the current focus on production of irrigated crops in marginal areas have all contributed 

to the removal of natural vegetation and consequent soil erosion. Thus, both land tenure 

regimes found in the study area have suffered from mismanagement.  

The concept of adjusting stocking rates in response to variations in the rangeland 

resource is not an option considered in private and communal herders’ decision-making 

process. Despite the current condition of rangelands, many individual herders on 

communal lands have increased the size of their herds in the last 20 years. Moreover, 

they continue grazing goats, probably using lands that extend beyond the limits of their 

agricultural communities, since most of the rangelands within the study-area are not 

fenced. Under these circumstances, the development of sound rangeland management 

strategies like those proposed by Westoby et al. (1989) seem highly unlikely. Hence, 

agricultural productivity of non-irrigated lands will remain low, even after rainy episodic 
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events. 

The economic opportunities offered by foreign markets have been the main driver 

for private holders to expand vineyards into marginal soils. If international markets prices 

for local commodities deteriorate, it will adversely affect the labor market by reducing 

demand for wage labor. Thus, the inhabitants of agricultural communes may be forced to 

rely on the meager land resources they control to ensure their livelihoods, thus degrading 

natural resources even more.  

Vulnerability to drought within any of the studied agricultural communes varies. 

Access to productive resources (i.e., land, water, technology, credit) has a major role in 

these differences, as compared to access to non-productive resources (i.e., education, 

health care, electricity). Of the three studied units, Los Clonquis appears to be the most 

vulnerable due to a more inequitable distribution of land and water resources. This 

agricultural community has less irrigated land, individual plots are smaller, and the 

percentage of landless members is higher than the other communities. El Durazno is in an 

intermediate situation because land and water have been distributed in a more equitable 

fashion. Goat herding, a low-value economic activity, is more intensive here than in other 

locations. Finally, El Tome enjoys the highest living standard due to its microclimatic 

advantages, specialized agricultural production, and employment in nearby private 

farming operations. But it also suffers from extreme differences in wealth due to 

inequitable access to land and water. 

Because it is based on access to productive resources, the main determinant of 

differences in vulnerability has to do with institutional arrangements and the set of values 
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with which boards of directors govern their agricultural communes. To reduce 

vulnerability, boards could distribute key productive resources with objective and 

impersonal rules that impede favoritism, yet favoritism persists. This has forced many 

community rights-holding families to endure hardships, with few options for future 

improvements given the limited amount of irrigated land that the agricultural communes 

control.  

Other sources of vulnerability had to do with inequitable access to credit and 

technology transfer, and drought relief programs that are administered by the State. The 

fact that the more vulnerable segments of the population in the studied communities had 

limited or no access to these resources, suggest inequalities in State aid. Also, public 

agencies do not assist community members with farm credits because they are considered 

as ‘too risky’ for loan repayments. 

In contrast to differential access to productive resources, access to non-productive 

resources (e.g., health and education) is equitably distributed by the State, irrespective of 

income levels and geographic location. Availability of these services provides the rural 

population in the study area with a safety network that helps decrease the impacts of 

droughts, and probably helps reduce out-migration rates thus keeping families together. 

Not all members have access to the public pension system. Expanding coverage of this 

system remains a promised but uncompleted task of the Government.  

Income alone does not entirely explain differential vulnerability, but is an 

important indicator, as is the measurement of access to resources. Some indigent and 

poor households can be less vulnerable than others in the same income bracket because of 
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their different “architecture of entitlements,” i.e., the resources that individuals or groups 

are entitled to use that modify their ability to cope with stress (Adger and Kelly 1999). 

Regarding the strategies utilized by the different groups of households, off-farm 

employment is most utilized by the high-vulnerability group, followed by sales of minor 

and major livestock and, as a last resort, cessation of cultivation.   

Agricultural policies in Chile are chiefly intended to increase agricultural output 

as a means to alleviate rural poverty and enhance well-being. However, no instruments 

have been designed yet to specifically address the effects of drought on the most 

vulnerable populations in the study area. The most common government response to 

drought is emergency relief, without long-term planning to reduce the need for recurrent 

relief. Nonetheless, initiatives like crop insurance and subsidies that target women 

indicate that government actions are moving in a direction that should decrease 

vulnerability in the most susceptible groups (i.e., landless, poor, and female-headed 

households). Reliable seasonal climate forecasts are not readily available in Chile. It 

remains to be seen how the most vulnerable segments of the agricultural population gain 

access to these public information resources and how they might be used to mitigate 

drought impacts.  

Starting in the late 1970s macroeconomic policies were applied which were 

intended to better position Chile to compete in a global market economy allowing for the 

development of private export-oriented commercial agriculture in the province. Over the 

past 25 years, this sector has been the main source of employment for agricultural 

community members, providing an effective means of decreasing their vulnerability to 
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drought. In the long run, however, these larger commercial enterprises may prove to be 

vulnerable to more extreme droughts but also to vagaries of international trade. Thus, 

without a change in the agricultural communes’ institutions and culture, the members will 

hardly be able to resist intense droughts if private companies leave the province.  
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APPENDIX A: CHARACTERIZATION OF THE PRECIPITATION REGIME IN THE 

LIMARI RIVER BASIN, NORTHERN CHILE 

1. Abstract 

The precipitation regime in the Limarí River basin in northern Chile is characterized as 

semi-arid Mediterranean. Winter is the rainy season, with 75 percent of annual 

precipitation falling between May and September, while summer is dry. Below-normal 

precipitation is not always associated to ENSO cycles, but it shows a high correlation to 

the El Niño 3 region sea surface temperature. Likewise, intense droughts do not always 

occur during La Niña cycles. Sixty percent of the years get less than long-term average 

annual precipitation, and dry spells tend to be multi-annual, while rainy spells tend to last 

only one year. The evidence from 102 years of records is not strong enough to accept the 

notion of decreased annual precipitation within the study area. 

.  
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"In Chile, long-term drought persisted into the first several months of the 

year, cutting water supplies and damaging summer crops. Dryness reduced the 

corn harvest about 20 percent from last year and left the reservoirs that supply 

water to Santiago little more than puddles. Then, in a complete turnabout, heavy 

rains that began in mid-May ended the drought. The rains, though welcome at 

first, refused to stop. A steady procession of oceanic storms swept across Chile 

from July to October, setting off mudslides and floods, damaging buildings and 

crops, destroying roads and bridges, and forcing thousands from their homes."  

             LeComte (1998) 

2. Introduction  

Chile is a long narrow strip of land squeezed between the Andes Mountains and the 

Pacific Ocean, where extreme intra- and inter-annual climate variations are the rule. This 

country has a wide range of climates, ranging from hyper-arid in the northernmost 

sections to extremely wet and cold in the south. The hyper-arid region is the Atacama 

Desert. South of the Atacama lies a semi-arid region, which is the subject of this study, 

between approximately 31ºS and 35ºS. Climate records show that extreme events such as 

prolonged, multi-year droughts or extremely rainy seasons are a common feature of the 

climatic landscape. The devastating effects these climatic extremes have had on Chilean 

society and its economy are well summarized in LeComte's quote above. 

With respect to local-scale research, both the IPCC (1998) and Grimm et al. 

(2000) suggest that temperate and semi-arid zones in South America have received little 

attention. Thus, a better understanding of the characteristics of local climates within the 

semi-arid regions and their relationship to global phenomena is particularly important. 

To provide a rigorous framework of analysis I consider the following research 

questions: (1) are variations of the precipitation regime in the study area associated with 
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El Nino events?, and (2) is there a measurable decrease in annual rainfall over the period 

of record? To address the first question, I summarize some of the basic characteristics of 

the precipitation regime derived from 102-years of monthly precipitation records in the 

study area of the Limarí river basin, located in the region of Coquimbo in the semi-arid 

region of northern Chile. Then, I explore the relationship between variations in the local 

precipitation pattern and the temperature of the tropical Pacific Ocean, specifically El 

Niño Southern Oscillation (ENSO) events. The 102-year precipitation records from 

Pudahuel, a station located 400 km to the south of the study area, are included to show 

how extended and homogeneous the influence of ENSO is within the drylands of Chile. 

To explore the second question, I use linear regression on the 102-year precipitation 

record of the study area. 

3. Literature Review 

3.1. Paleoclimatic records 

No specific paleoclimatic information from the study area is available because studies 

that bridge the spatial and/or temporal gap with current records have been largely 

restricted to the northern Hemisphere (Szeicz et al. 2003). Some scholars working in 

Chile and Argentina suggest, however, that the Holocene climate has varied considerably, 

and was different from current conditions in areas to the north and south of the Limarí 

river basin. For example, “rapid and catastrophic declines in [the tree species] 

Pilgerodendron,” have been noted at sites on the Taitao Peninsula (located at 

approximately 46º S) at around 2650 BP, possibly as the direct or indirect result of 
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volcanic activity (Lumley 1993, cited by Szeicz et al. 2003) or a period of regional 

“aridification” (Van Geel et al. 1996, cited by Szeicz et al. 2003). Markgraf et al. (2001) 

worked with pollen from the mid latitudes (39-44°S) and suggested a trend with “lower 

summer precipitation than today prior to 14,500 yr BP, as high or higher than today 

between 12,500 and 10,500 yr BP, and again lower than today between 10,500 and 7,200 

yr BP.” 

In the Atacama Desert (22-24°S), other interpretations suggest discrepancies in 

timing, magnitude and direction of climate change among diverse paleoclimatic records 

in the central Andes (for a complete review see Rech et al. 2003). According to Rech et 

al. (2003) paleorecords have been interpreted as evidence for mid-Holocene aridity in the 

central Atacama (e.g. Schwalb et al. 1999, Grosjean et al. 2001, Messerli et al. 2000). 

However, Rech et al. (2003) argue that the hydrologic records collected in the central 

Atacama indicate the late “Glacial/early Holocene wet phase ended ~9 ka and hyperarid 

conditions commenced at this time,” and that the regional drought ended at ~8 ka, and 

that climate during the mid-Holocene (~8-3 ka) in the central Atacama was wetter than 

today and relatively stable. In contrast, the late Holocene was drier and subject to several 

regional droughts. Hence, the study area might have been subject to both wetter and drier 

conditions in the past. 

3.2. Climate Variability and ENSO 

Short-term climatic variations such as those caused by ENSO affect the Chilean drylands 

(Kane 2002). Agriculture and especially annual crops that are an important economic 
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activity in semi-arid lands are obviously sensitive to this sort of variation, as has been 

shown by some studies done in Latin America (Hansen et al. 1998, Podestá et al. 1999, 

Viglizzio et al. 1995).  

El Niño is an anomaly, a fluctuation of the ocean temperature in the tropical 

Pacific that has significant consequences for global weather. El Niño refers to the warm 

phase of ENSO, when warm eastern and central equatorial Pacific sea surface 

temperature (SST) anomalies (the difference between the observed temperature and the 

long-term mean) occur. The term La Niña, or cold phase of ENSO, describes those times 

in which cold anomalies in SST are found in the eastern and central equatorial Pacific.  

The El Niño event occurs coupled with a phenomenon known as the Southern Oscillation 

(SO), an interannual seesaw in tropical sea level atmospheric pressure between the 

eastern and western Pacific. ENSO is the combination of these phenomena (TAO 2000). 

When the pulse of relatively warm water associated with El Niño reaches the eastern side 

of the Pacific basin, it is forced northward and southward along the coast. The impacts 

that the warming of Pacific Ocean waters cause over different ecosystems along the west 

coast of the Americas has been documented by many (see for example Chavez et al. 

2002, Waylen and Poveda 2002). 

3.3. Sea Surface Temperature Anomalies and Precipitation 

The relationship between SST anomalies in the Pacific region and precipitation 

anomalies during El Niño/La Niña events over the southern countries of South America 

is well documented (Grimm 1966; Diaz et al. 1998, cited by Grimm 2000; Kane 1999, 
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Montecinos et al. 2000, Montecinos and Aceituno 2003). Rainfall anomalies in central 

Chile were related to ENSO by Rubin in 1955, and, more recently, Montecinos et al. 

(2000) found significant correlations (>0.5) between high precipitation during the July-

September period in central Chile and positive SST anomalies and vice-versa when 

negative SST anomalies occur. Prominent ENSO-related rainfall departures are found in 

the Chilean subtropics, while other local circulations affect precipitation regimes in 

southern Chile (40°S) (Quinn and Neal 1983). 

3.4. The Climate in Coquimbo 

The Region of Coquimbo has a transitional climate that lies between one of the earth's 

driest deserts, the Atacama of northern Chile (with average annual rainfall of 1 mm or 

less for some locations) and the more humid environs of central Chile (with an annual 

average of approximately 400 mm). The climate in Coquimbo is considered 

Mediterranean (Borgel 1973) because most precipitation falls in the winter (May-August) 

while the summer is dry (Montecinos et al. 2000). Within this region, average annual 

rainfall ranges from less than 75 mm in the north coastal areas to more than 350 mm in 

southern portions of the region (Bahre 1979). Rainfall also increases from west to east, as 

suggested in figure 1. 

 Some topographic features of Coquimbo not only play an important role in the 

regional and local climatic conditions but they affect local circulation patterns. The 

Andes Mountains prevent any Atlantic influence from reaching Chile making 

climatologists designate different regimes within the greater region as existing "east of 
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the Andes" and "west of the Andes" (Grimm et al. 2000). The coastal mountain range  

 

 

FIGURE 2. CLIMATE ZONING ON AN EAST-WEST TRANSECT ALONG THE 

LIMARI RIVER BASIN (BAHRE, 1979) 
 

(Figure 1) is rather low (400-600m) and does not prevent incoming moist air from the 

Pacific Ocean from reaching the Andes. Thus, the Andes mountains generally receive the 

highest amount of rainfall compared to lower elevations on any given east-west transect 

due to topographic uplift and the resultant further condensation of moist air. The presence 

of the Southeast Pacific anticyclone and offshore cold waters transported from Antarctica 

by the Humboldt Current contribute to the aridity of this area by generating great 

atmospheric stability and a thermal inversion layer between 800 and 1,200 m that restricts 

cloud development in the coastal fringe (Schneider 1982, Ledin 2000). 

Droughts are a frequent event in the region. According to Schneider (1982) 

historical records show that La Serena (29.90ºS-71.20ºW), the capital of Coquimbo, has 
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been affected by serious droughts during the Twentieth Century. The occurrence of dry 

spells is described more fully below. 

4. Methods 

The Limarí study area was divided into three ecoclimatic units: coastal, interior, and 

precordillera. The three ecoclimatic units have been defined based on a gradient of 

variables such as precipitation and evapotranspiration that have their minimum near the 

Pacific Ocean and reach a maximum near the Andes Mountains (Pouget et al.1996). 

Monthly precipitation data from seven meteorological stations in the study area 

were analyzed (Table 1). Of these seven stations, three are located in the precordillera, 

two in the interior, and two in the coastal unit. Data covering the period 1897-1999 were 

obtained from two Chilean agencies, the Natural Resources Research Center (Centro de 

Investigación de Recursos Naturales (CIREN)) and the General Water Directorate 

(Dirección General de Aguas (DGA)). One off-site station, Pudahuel, located 400 km to  

 

TABLE 1. LOCATION, DATA PERIOD AND CORRESPONDING STUDY SITE OF 

METEOROLOGICAL STATIONS IN THE LIMARÍ RIVER BASIN  
Station Latitude Longitude Period Study Site 
Ovalle  30:36 71:12 1897-1999 Coastal 
Punitaqui 30:49 71:16 1962-1999 Coastal 
El Tome 30:49 70:58 1966-1999 Interior 
Embalse Paloma 30:41 71:02 1943-1999 Interior 
Carén 30:51 70:46 1942-1999 Precordillera 
Rapel 30:43 70:46 1969-1999 Precordillera 
Tulahuén 30:57 70:45 1949-1999 Precordillera 
Pudahuel 33:38 70:78 1897-1999 Off-area 
 

the south of the study area, was included in the analysis for comparison. According to Le 
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Houreou and Popov (1981), who consider an annual rainfall between 100 and 600 mm to 

delimit the geographical extent of the drylands, both locations are within the semi-arid 

region of Chile. Data from Pudahuel for the period 1897-1990 were downloaded from the 

Global Historical Climatology Network (GHCN) of NOAA's National Climatic Data 

Center (NCDC 2000) while 1991-1999 data were obtained from the DGA. 

 Long-term monthly precipitation data were averaged for every station to 

determine duration and amplitude of the rainy season. The coefficient of variation 

(standard deviation/mean) was calculated from the monthly data from each station. This 

coefficient describes the spread of a dataset as a proportion of its mean, and is presented 

here as a measure of the variable nature of rainfall in a semi-arid region. Data within each 

ecoclimatic unit and between units are highly correlated (>0.95 at the 0.05 level). Thus, 

one annual series can be used to represent the area for further analyses (Nicholson 1983).  

To compare and visualize the rainfall long-term evolution in the study area and 

Pudahuel, monthly data were standardized according to the procedure described by 

Nicholson (1979, 1980, 1983, 1985) and Nicholson and Palao (1993). This method 

allows the combination and comparison of stations with different annual means and 

variances. For each station i the following series is derived 

 

 
 

where Xij is the annual rainfall departure at station i for the year j, pij is the annual mean 

in year j and pi the annual mean rainfall at station i over the entire length of record, and s2 
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the standard deviation of the entire series of monthly precipitation. For the entire study- 

area, Xij were averaged. To explore potentially drier conditions, the standardized data 

were regressed over time. 

The 102-year records of standardized winter precipitation were used to classify 

each year as rainy or dry according to the methodology detailed below. Years thus 

classified were then compared to El Niño/La Niña events. The criteria used to categorize 

seasonal SSTs as El Niño/La Niña are also explained below. 

The methodology used by the Indian Meteorological Department (Dal 2000) to 

classify droughts was adopted in this study. The classification criteria are the following: 

Mild drought: seasonal rainfall deficit less than 25 percent of the long-term 

average, 

Moderate drought: seasonal rainfall deficit between 25 and 50 percent, and  

Severe drought: seasonal rainfall deficit greater than 50 percent of long-term 

average. 

The same criteria were followed to classify wet years (i.e., mildly wet, moderately 

wet, and extremely wet). The relationship between ENSO and the winter precipitation in 

the study area was assessed in two ways:  

(1) Total annual and winter (May-August) precipitation amounts were correlated 

to four series of tropical Pacific Ocean SSTs measurements to determine which 

measurement was the most closely associated to the precipitation anomalies in the study 

area. SST measurements are available from 1950 onward. They were downloaded from 

NOAA´s Climate Prediction Center (CPC 2000). SST anomalies were used for the 
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analyses; and 

(2) Winter precipitation data from the study area and Pudahuel were regressed 

using the SST anomaly as the independent variable.  

The method to classify the winter SSTs as El Niño, La Niña, or neutral seasons 

followed the procedure outlined by the Western Regional Climate Center (WRCC 2000). 

According to the WRCC, a SST anomaly can be classified as: 

Strong El Niño (SE) when the SST anomaly is 1,0 standard deviation or more, 

Moderate El Niño (EN) when the SST anomaly is between 0.5 and 1.0, 

Neutral when the SST anomaly is between -0.5 and 0.5, 

Moderate La Niña (LN) when the SST anomaly is between -0.5 and -1.0, and 

Strong La Niña (SL) when the SST anomaly is -1.0 or less. 

(This is a modification of the methodology followed by the WRCC because they 

use the Southern Oscillation Index.) Data thus classified were contrasted to the annual 

and seasonal classification provided by the Climate Prediction Center (CPC 2000) and 

the Japan Meteorological Agency (JMA) (in Podestá et al. 2000). The modal value was 

adopted. 

Data were manipulated and processed using Microsoft EXCEL™ and 

STATISTICA ™. 

 

5. Discussion  

5.1. Coefficient of Variation 

The climate in the study area is distinctly Mediterranean, and corresponds to Borgel's 
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(1973) and Le Houreou and Popov (1981) classification for the entire semi-arid region of 

Chile. In fact, 85.7 percent of the average annual precipitation is concentrated in winter 

(May-August), while summer is usually dry (Figure 2). The rainiest month of the year is 

July, after which precipitation decreases rapidly. 

The coefficient of variation (Table 2) decreases with increased precipitation. It 

varies from 0.74 in the west to 0.69 in the east along the Limarí river basin. The stations 

on or near the coastal plain get 142 mm per year, whereas the stations located eastward, 

near the Andes Mountains, receive an average of 189 mm. Figure 3 shows that at least  

 

 

FIGURE 3. LONG-TERM MEAN OF MONTHLY PRECIPITATION IN LOCATIONS 

WITHIN THE LIMARÍ RIVER BASIN  
 

two of the three stations located near the Andes have higher winter precipitation. There is 

a north-south gradient also from 161 mm in the semi-arid area to 336 mm in Pudahuel 

(Table 2). This also agrees with the findings of Bahre (1979). 
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TABLE 2. BASIC STATISTICS DERIVED FROM CLIMATOLOGICAL RECORDS 

IN THE LIMARÍ RIVER BASIN  

Station Mean Standard Deviation 
Coefficient of 

Variation 
Study Area 
average 161.9 117.7 0.73 
Pudahuel 335.9 164.4 0.45 
Study Area 
Stations:    
Ovalle  129.4 83.2 0.64 
Punitaqui 155.3 131.7 0.84 
El Tome  143.9 119.8 0.83 
Paloma  135.3 96.5 0.71 
Carén  187.3 128.9 0.69 
Rapel  164.0 114.0 0.69 
Tulahuén  216.1 150.1 0.69 
 

 With respect to spatial differences in the coefficient of variation, there is a sharp 

contrast between the drylands, the hyper-arid Atacama Desert north of the study area, and 

the wetter regions of southern Chile. In Copiapó, a station located in the desert with an 

annual mean of 10.8 mm, the coefficient is 1.2. In contrast, Valdivia, located about 1,500 

km to the south of the study area, with an annual rainfall of 2,350 mm, has a coefficient 

of 0.21.  

The average coefficient in the drylands is 0.59, half as much as Copiapó but twice 

that of the rainy area of Valdivia. Thus, as might be expected, the semi-arid region has 

intermediate levels of variation. 

5.2. ENSO and Precipitation in the Study Area 

Four series of SST anomalies (i.e., Niño 1+2, Niño 3, Niño 3.4, and Niño 4, that 

correspond to different longitudes where the SST is measured along the Equatorial 
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Pacific Ocean) were correlated to the annual and seasonal precipitation series of the study 

area for the period 1950-1999. The correlation coefficients for both annual series of 

monthly data (SST and precipitation) are relatively low, yet significant. The highest 

correlation between both annual series is Niño 1+2 (Table 3). Nonetheless, when only the 

rainy season (May-August) is considered, the value of the correlation rises and shifts, 

showing that the study area is most correlated to Niño 3 or Niño 3+4, in accordance to 

what has been shown by Waylen and Poveda (2002); yet correlations with Niño 1+2 and 

Niño 4 are also significant. Pudahuel is most correlated to Niño 3 as well (r=0.57, 

p<0.05, N=50). These values indicate that there is a moderately strong relationship 

among all of the four seasonal SST anomalies series and precipitation both in the study 

area and Pudahuel. Therefore, the analyses that follow refer to seasonal precipitation and 

Niño 3 SST anomalies. 

 

TABLE 3. ANNUAL AND SEASONAL CORRELATIONS BETWEEN SST AND 

MONTHLY PRECIPITATION IN THE STUDY AREA (1950-1999) 
SST Annual Precipitation Seasonal Precipitation 

Niño 1+2 0.18* 0.53* 
Niño 3 0.14* 0.62* 
Niño 4 0.11* 0.47* 
Niño 3+4 0.13* 0.63* 
 

The relationship between seasonal precipitation in the study area and SST can be 

better described when fitting a linear model (Figure 4). The model for Pudahuel is quite 

similar, therefore it is not presented here. The relationship is PPT = -0.033+0.205SST, 

and shows a significant relationship between both variables at the 0.99 confidence level. 
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The r-squared statistic indicates that the model explains 39.41 percent of the variability in 

precipitation. Therefore, we might conclude that temperature variations in the tropical 

Pacific Ocean significantly affect the entire semi-arid region of Chile, which extends 

from approximately 30°S to 35°S along the 72°W axis. 

 

 
FIGURE 4. STUDY AREA PRECIPITATION REGRESSION OVER NIÑO 3 SST 

(1950-1999) 
 

5.2.1. Climate Variations in the Study Area and Pudahuel 

Now that the correlation between the SST anomalies and the local precipitation 

anomalies has been demonstrated, we may determine how consistently El Niño/La Niña 

events (i.e., positive/negative SST anomalies) might affect precipitation patterns. 

The standardized data (Figures 5 and 6) show that wet/dry cycles affect both the 

study area and Pudahuel in a similar way. In the study area, there was a long wet run 

between 1897 and 1906, and a subsequent dry period of 11 years, interrupted by a wet 
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season in 1914. The late 1930s and the late 1940s also witnessed multi-year dry spells. 

Later on, there was another long dry period starting in 1967 and ending in 1975. This 

cycle was interrupted only by one rainy year 1972. At the end of the century a multi-year 

dry episode started after the 1987 El Niño. Three rainy years: 1991, 1992, and especially 

1997, counterbalanced the dry spell that lasted until 1999. The records show that these 

two years are, in fact, among the driest in the century in both locations. Nevertheless, it is 

worth considering that a slightly less severe drought occurred in 1924-25. Data also show 

that there were two long dry cycles in the study area that spanned about a decade: 1931-

39 and 1945-56. Both periods were interrupted by mild-to-moderate single wet years. In 

the latter case, the dry cycle resumed in 1958 and lasted until 1960.  

 

 

FIGURE 5. PRECIPITATION ANOMALIES IN THE STUDY AREA (1896-1999) 
  

Pudahuel shows a pattern similar to that in the study area except that dry spells, 

especially after the mid 1930s, tend to be shorter. There is a higher probability here for a 
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rainy winter to interrupt prolonged droughts. The only exception is a 7-year cycle at the 

beginning of the twentieth century. The same applies to above-normal rainy events. 

 

 

FIGURE 6. PRECIPITATION ANOMALIES IN PUDAHUEL (1896-1999) 
 

5.2.2. ENSO and the precipitation pattern 

The correspondence between seasonal ENSO and seasonal precipitation is shown in 

Table 4. All years between 1950 and 1999 were grouped according to the type of ENSO 

event and the type of weather that occurred in the study area and in Pudahuel. In the 

drylands, a strong El Niño can never be associated with any type of drought, whereas a 

strong La Niña cannot be related to any sort of above-normal rainfall. A moderate La 

Niña tends to correspond to droughts in both locations, but rarely to above-normal rains. 

A neutral season appears to be linked more to drought than rain. However, mild rains can 

occur in Pudahuel during neutral years. There is some coincidence also between heavy 
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rains and neutral years in the study area. The relationship between moderate El Niño and 

rain is less clearly defined: during moderate El Niño winters anything from extreme 

droughts to extreme rains can occur in both the study area and Pudahuel. These events 

might be related to non-ENSO anomalies caused by extratropical mechanisms occurring 

in the Bellinghausen Sea and the Weddell Sea that block the storm track and shift it 

northward into the SE Pacific. These events favor the occurrence of quasistationary fronts 

over central Chile, as reported by Garreaud (1995) and Montecinos and Aceituno (2003). 

Dry conditions over central Chile are favored by a southern migration of the midlatitude 

storm track in the SE Pacific. These conditions are relatively more frequent during La 

Niña events (Montecinos and Aceituno 2003). 

With respect to the frequency of extreme events and their association to ENSO, 

and the different types of ENSO events. In the study area, 86.6 percent of extreme 

droughts occur during neutral and moderate La Niña events. Something similar occurs in 

Pudahuel. Only one extreme drought occurred in each location during a moderate El Niño 

and only one during a strong La Niña. In the study area the extremely wet seasons are 

almost equally associated with neutral, moderate and strong El Niño events, while in 

Pudahuel these episodes tend to be more closely associated with strong El Niño episodes. 

The worst events in the study area were a dry year 1979 (neutral) and a rainy 1997 (a 

strong El Niño).  
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TABLE 4. STUDY AREA SEASONAL PRECIPITATION AND TYPE OF ENSO 

EVENTS (1950-1999) 
ENSO Type Location Droughts Above-average rains 
  Mild Moderate Severe Mild Moderate Severe 
Strong El Niño Study Area     1982 1957 
       1965 
       1972 
       1987 
       1997 
 Pudahuel    1957 1965 1972 
       1982 
       1987 
       1997 
Moderate El Niño Study Area 1953 1951 1969  1963 1983 
   1976    1991 
   1986    1992 
   1993     
  1986 1969 1976 1951 1992 1953 
  1993   1963   
     1983   
     1991   
Neutral Study Area 1958 1962 1960 1952 1977 1961 
  1959 1996 1976   1966 
  1978  1968   1984 
  1980  1979    
  1981  1990    
  1989  1994    
    1995    
 Pudahuel 1959 1967 1968 1952 1984  
  1960 1980 1979 1958   
  1961 1995 1989 1966   
  1962  1990 1977   
  1981  1996 1978   
  1994      
Moderate La Niña Study Area 1975 1950 1955 1954   
   1956 1970    
   1973 1971    
   1974 1985    
    1998    
 Pudahuel 1954 1950 1973 1970 1974  
  1956 1955 1975    
  1971  1985    
  1999  1998    
Strong La Niña Study Area  1964 1998    
 Pudahuel 1964  1998    

 

Table 5 lists extreme wet/dry episodes from 1950 to 1999, corresponding precipitation,  
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TABLE 5. ENSO INTENSITY DURING SEVERE DROUGHTS AND RAINS IN THE 

STUDY AREA AND PUDAHUEL (TOTAL SEASONAL PRECIPITATION IN 

PARENTHESIS, IN MM) 
 Strong El Niño Moderate El 

Niño 
Neutral Moderate La 

Niña 
Strong La 

Niña 
Study Area      
Severe Droughts 1960 (48) 1955 (44) 
 1967 (59) 1970 (35) 

 1968 (40) 1971 (66) 
 1979 (15) 1985 (54) 

 1990 (41) 1998 (20) 
 1994 (50) 1999 (45) 

 

 1969 (27) 

1995 (23)  

1988 (32) 

Severe Rains 1957 (363) 1983 (243) 1961 (221) 
 1965 (353) 1991 (208) 1966 (208) 
 1972 (294) 1992 (253) 1984 (342) 

 1987 (368)   

 1997 (425)   

  

Pudahuel      
Severe Droughts 1968 (23) 1973 (127) 
 1979 (99) 1975 (118) 
 1989 (87) 1985 (103) 

 1990 (69) 1998 (37) 
 

 1976 (112) 

1996 (101)  

1988 (69) 

Severe Rains 1972 (501) 
 1982 (433) 

 1987 (572) 
 1997 (544) 

1953 (410)    

 

As would be expected, a larger number of extreme events occur in the study area 

than in Pudahuel (Table 5), due to the more variable nature of its climate. Also, the El 

Niño signal seems stronger in the study area in terms of producing extreme rains, while 

La Niña conditions seem less clearly associated with extreme droughts. This table also 

shows that strong El Niño episodes have not generated extreme droughts. The likelihood 

increases with moderate El Niño. By the same token, strong and moderate La Niña 

conditions have not produced extreme rains.  
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Table 6 shows the frequency of types of events over the 102-year period of 

record. Normal years were considered as those with mild droughts and rains. The study 

area experienced more extreme droughts and rains than Pudahuel (25.2 + 21.4 percent 

and 16.5 +16.5 respectively). The study area receives below-normal rainfall in 44.6  

percent of the years, whereas Pudahuel does in 29.1 percent of them. These data 

underscore the variable nature of the precipitation regime in the study area. 

 

TABLE 6. EXTREME, MODERATE, AND NORMAL YEARS FREQUENCY IN THE 

STUDY AREA AND PUDAHUEL DURING 1897-1999 (IN PERCENTAGE) 
 Droughts Normal Above Average Rains 
 Severe Moderate  Moderate Severe 
Study Area 25.2 19.4 24.2 8.7 21.4 
Pudahuel 16.5 12.6 43.7 10.7 16.5 
 
 

5.3. Increased Dryness 

In order to explore the issue of increased dryness claimed by the IPCC (1998) and some 

of the climate models mentioned above, annual standardized data were analyzed through 

regression analysis. The linear model is shown in figures 5 and 6. The r-squared statistic 

indicates that the models explain only 3.9 and 6.8 percent of the variability in 

precipitation, respectively. The correlation coefficients of -0.197 and -0.26 indicate a 

relatively weak relationship between the variables. Consequently, the evidence is not 

strong enough to accept the hypothesis of increased dryness within the study area. 
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6. Conclusions 

The study area winter precipitation anomalies are significantly correlated to Sea Surface 

Temperature anomalies associated with the El Niño/La Niña cycles. This means that 

whenever the tropical Pacific Ocean cools, it is likely that below-normal rainfall 

conditions will prevail over the study area. However, historic data show that this is not 

always true. Droughts occur not only when La Niña conditions prevail, but they can also 

happen during El Niño or neutral seasons. This relationship agrees with what has been 

observed in Perú (Franco 1998). In contrast, heavy rains over the study area appear to be 

more closely associated with El Niño. ENSO variations during May-August affect 

precipitation within the same months. 

Drought is the dominating feature of the study area climate. 60 percent of the 

years on record receive below-average rainfall. Moreover, dry spells are more frequent 

and prolonged than wet ones. In several occasions, dry spells might span more than half a 

decade, while the extremely wet periods tend to be concentrated in short, one- to two-

year events. The 1897-1906 wet period is the only exception to this rule.  

Droughts are spatially coherent throughout the semi-arid region of Chile. 

Whenever a drought affects the study area, it may also affect areas as far south as 31ºS 

(Pudahuel). This has important social and political implications because this is an area 

inhabited by a relevant portion of the Chilean population, and where most of Chile's 

economic activity is concentrated.  

The analyses of time series data presented here suggest there is not enough 

evidence to accept or reject the notion of increased dryness in the area. The linear 
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regression model shows a weak relation between precipitation and time. Likewise, the 

frequency of extreme droughts seems not to have changed significantly over the last 

century 
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APPENDIX B: LAND COVER CHANGE IN THE LIMARI RIVER BASIN, CHILE  

1. Abstract 

The Region of Coquimbo in northern Chile was utilized, since early during the colonial 

period, as a source of minerals, meat, and wheat to supply distant markets in Chile and 

abroad, and timber for smelters. These productive processes caused the destruction of 

most of the natural vegetation for the region. The impacts of anthropogenic activities 

persist until today. The area is also affected by recurrent droughts. Land ownership was 

originally organized in haciendas and communes. Today, the haciendas have been 

subdivided, but the agricultural communes have endured. Irrigated agriculture is the most 

important economic activity in the area. Landsat imagery shows that vegetation responses 

increase marginally during rainy years in both land tenure regimes. Most of the increase 

is explained by rainfed wheat cultivation and the growth of unpalatable native forage 

species such as Gutierrezia spp. Hence, the capacity of natural vegetation to respond to 

above normal vegetation is limited on both private and communal lands.     
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2. Introduction   

Livelihoods in many semi-arid regions of the world are dependent on ranching and 

farming systems for both commerce and subsistence. In these environments land-cover 

changes have resulted from the combined effects of several long-term processes (Serneels 

and Lambin 2001) such as overgrazing, fuelwood collection, burning, and inappropriate 

agricultural practices (Verstraete and Schwartz 1991, Weber et al. 2000), including 

agricultural intensification. Some have found that these processes have resulted in 

decreased primary productivity, and accelerated soil erosion by wind and water, as well 

as invasion of unwanted plant species into rangelands resulting in a decrease in the 

quality of primary production and economic potential (Schlesinger et al. 1990). On the 

other hand, Westoby et al. (1989), suggest that rangeland condition may vary in the short- 

or medium-term (i.e. 2-3 yr or 15-20 yr) among different states, depending on the 

combination of climatic circumstances and management actions that are taken (e.g., 

drought, grazing, cessation of grazing). Therefore, they claim, rangeland management 

must be opportunistic, or flexible, in the sense that management should follow strategies 

that seek positive improvements of land-cover, depending on climate variations, and 

therefore ensuring long-term agricultural productivity.  

In terms of the international scientific agenda, there is a need to document 

changes in land-cover at various levels, and to understand what the major causes of 

change are from an historical perspective. The historical perspective is necessary to 

provide a socio-economic and cultural context to the evolution of land-cover (Endfield 

and O’Hara 1999). Land-cover has been defined as the “biophysical attributes of the 
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earth’s surface” (Lambin et al. 2001). The study of its change at, for example, the 

community level is relevant in terms of providing paths for decision makers whenever 

remedial actions are needed to overcome negative societal impacts on land (Stafford 

Smith and Reynolds 2002). The present study addresses the following questions: (1) 

What is the historical context determining private and communal land cover change in 

the Limarí River basin?, and (2) Does existing vegetation, especially in rangelands, 

respond differently to above-normal precipitation as a function of land tenure regimes?  

The focus of this research is the Limarí River basin in northern Chile, where 

rainfall is highly variable and drought is common. The agricultural sector of the area is 

built around two different types of land tenure regimes:  

(1) Communal lands, locally known as agricultural communes, where 

members own a small portion of irrigated land, where production is 

meager and almost always for subsistence only. They also share common 

access to large tracts of rangelands usually used to raise goats;  

(2) Private holdings, mainly oriented toward production of fresh fruits and 

vegetables to supply both national and international markets. They occupy 

the majority of irrigated lands and part of the drylands. Irrigated 

commercial agriculture practiced on private holdings usually requires high 

capital investment in irrigation technology, cold storage, and 

transportation. However, it can have very high economic returns. 

Rangelands here, as in other parts of the world, consist almost entirely of land that 

is too dry or too steep to support crop production (Brown 2002). Despite the land tenure 
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regime, rangelands in general appear to be highly degraded, or highly eroded with 

diminished natural forage. 

3. The Study Area 

The Region of Coquimbo is a transitional region between the hyper-arid Atacama Desert 

and the more humid area of Central Chile, and comprises the main part of the Chilean 

Mediterranean semi-arid zone. The landscape of the Region of Coquimbo is dominated 

by the north-south alignment of the Andes Mountains, which reach more than 5,000 m 

above sea level, and is segmented by lower ranges derived from the Andean structure into 

three main east-west valleys: Elqui (northernmost), Limarí, and Choapa to the south.  

The study area considered here is the Limarí River Basin (30°45’S; 70°30’W–30° 

45’S; 71°30’W). This basin was chosen as the study area because it is the largest in the 

Region of Coquimbo. It is also where most active private agricultural development has 

taken place and where the majority of agricultural communes are found. The Province of 

Limarí (with a territorial extent almost that of the basin itself) contains about 36 percent 

of the regional private lands, 40 percent of communal lands, and 73 percent of the total 

count of agricultural communes in the Region. In this province both private and 

communal lands are held primarily in units larger than 2,000 ha. There are, however, a 

significant number of farmers who own properties smaller than 10 ha (Table 7).  

In the province of Limarí, the larger municipalities are Monte Patria and Ovalle, 

where the bulk of the private irrigated agriculture in the basin is found. The mean annual 

precipitation ranges from 142 to 189 mm along a precipitation gradient that increases 

from the Pacific Ocean toward the Andes. In addition to relatively low amounts, rainfall  
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TABLE 7. NUMBER AND SIZE (IN HA) OF HOLDINGS BY PROPERTY REGIME 

AND LOCATION  
 Private Property Agricultural communes 

 Region of Coquimbo Province of Limarí Region of Coquimbo Province of Limarí 

Size Number Area Number Area Number Area Number Area

less than 1 ha 4,445 1,997 2,317 1,031 0 0 0 0

1 to <5 ha 6,492 14,760 3,374 7,428 0 0 0 0

5 to <10 ha 2,399 16,625 1,050 7,144 0 0 0 0

10 to <20 ha 1,749 23,448 767 10,309 0 0 0 0

20 to <50 ha 1,084 32,673 589 17,819 0 0 0 0

50 to <100 ha 365 25,120 193 13,516 0 0 0 0

100 to <200 ha 155 21,594 77 10,552 3 494 1 141

200 to < 500 104 34,070 56 18,588 5 1,876 4 1,446

500 to < 1000 ha 67 47,780 21 14,886 25 18,383 19 14,223

1000 to < 2000 64 91,260 34 50,859 48 70,218 42 61,967

2000 + 178 2,497,365 71 862,222 91 866,478 50 305,489

Total 17,102 2,806,691 8,549 1,014,354 172 957,449 116 383,266

Source: Census Data, INE 1997 

 

is also highly variable, with a coefficient of variation at a very high 0.73. Climate data 

show that 60 percent of years experience below normal precipitation (see Appendix A).  

The Region is an important producer of different varieties of wine grapes, and 

also table grapes that profit from the off-season in the northern hemisphere. Most of these 

products are channeled to foreign markets through a myriad of exporting companies. 

Linkages to foreign markets have opened commercial opportunities for producers that the 

local market cannot provide. Therefore, many large, medium, and small-sized private 

landholders have enjoyed financial gains. 

Paradoxically, this region has traditionally endured the highest levels of poverty 

in Chile. Most of the poor population lives in the rural sector, with the largest portion 

found in agricultural communes (Schneider 1982). These communal holdings are also 
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characterized by constant outmigration (Schneider 1982), and a long-term dependency on 

scarce natural resources for subsistence (Bahre 1979). The coexistence of two such 

different social groups, the agricultural communes and private landholders, managing 

vast expanses of land defines the current management paradox of the local landscape. 

4. Methods 

To assess the differential impact of management in communal and private land-cover 

types, differences in vegetation cover response to rainfall were explored utilizing Landsat 

TM imagery acquired during two rainy years—1987 and 1997—and two dry years—

1986 and 1998. The baseline years were 1997 and 1998. Based on analysis of rainfall 

records from 1897 onwards, 1997 was the rainiest (425mm) year ever recorded in the 

study-area, while 1998 was the driest (19.5mm) since 1926.  All images were acquired 

during the rainy season. Imagery acquisition dates were August 31, 1986; July 30, 1987; 

July 31, 1998; and September 14, 1997. Following atmospheric correction and 

radiometric rectification, the scenes were subset focusing on a section of the Limarí river 

basin of approximately 565,700 hectares that included the area irrigated by three large 

dams where the bulk of the agricultural communes and private holdings of the province 

of Limarí are located. Sub-scenes were then registered to corresponding 1:50,000 scale 

maps from the Chilean Military Geographic Institute. The average number of ground 

control points was 85 per sub-scene, and the average registration error was 0.62 pixels 

RMS. The Soil Adjusted Vegetation Index (SAVI) (Huete 1988) was calculated for each 

sub-scene to map relative differences in vegetation responses (i.e., “greenness”) of land-

cover. To assess differences in vegetation over time, the “wet” 1997 and 1987 SAVI 
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image pair and the “dry” 1998 and 1986 SAVI image pair were subtracted one from the 

other (Fung 1990, Jensen 1996, Mas 1999, Singh 1989). Based upon the distribution of 

the difference values, thresholds were established at plus-or-minus one standard deviation 

from the mean. Pixels exceeding this threshold were identified, and through the use of a 

7x7 majority filter, only areas exceeding 270 square meters were retained in the final 

change map for the dry and wet years. Areas of significant difference were examined 

using 1:20,000 scale aerial photography and field verification visits—with the aid of a 

Global Positioning System (GPS) unit—to label the nature of the difference found in 

each mapped area. Differences in vegetation in the communities were also assessed by 

means of comparing same-site ground photography taken in 1972 by Bahre (published in 

Bahre 1979) and in 1998 by the author.  

To characterize historical land utilization, secondary data were gathered to 

document land and resource use in the Region of Coquimbo from colonial times to the 

present. In order to document the current expansion of commercial agriculture, secondary 

data from the Region of Coquimbo, the Province of Limarí, and the municipalities of 

Monte Patria and Ovalle were gathered from public agencies. Public officials in relevant 

government agencies were also interviewed.  

The perception of a sample group of communal members regarding the state of 

their land and its relation to climate was assessed through a questionnaire. The survey 

was conducted in three agricultural communes in 1998, each located within the three 

main ecological units in the province of Limarí: precordillera, interior, and coastal 

(Pouget et al. 1996). The three ecological units are defined by precipitation, temperature, 
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and evapotranspiration gradients that reach a maximum near the Andes Mountains. The 

three communes are in the Municipalities of Ovalle and Monte Patria. Forty households 

per location were randomly selected in the field, for a total of 120. 

 

5. Results Derived From Remotely Sensed Imagery 

Not surprisingly, the SAVI image differencing showed that the vegetation index 

increased significantly during the wet years and decreased during dry years. However, 

these changes are marginal relative to the size of the study-area: during rainy years there 

is a net positive change of 1.4 percent in the area, while during dry years there is a net 

decrease of 0.13 percent (Table 8). 

 

TABLE 8. VEGETATION DIFFERENCES BETWEEN WET AND DRY YEARS BY 

DIRECTION AND LAND-USE CLASS (IN HA) 

 Land-use Positive Change Negative Change Net Change

Wet Years Irrigated Agriculture 5,067.7 3,392.6 1,675.1

 Rangeland 4,669.8 90.3 4,579.5

 Rainfed Agriculture 1,579.9 209.5 1,370.4

 Riparian Vegetation 659.1 120.2 538.9

 Total 11,976.5 3,812.6 8,163.9

Dry Years Irrigated Agriculture 1,108.9 1,787.7 -678.8

 Rangeland 3.3 56.3 -53.0

 Rainfed Agriculture 1.6 5.6 -4.0

 Riparian Vegetation 18.4 4.6 13.8

 Total 1,132.2 1,854.2 -722.0

 

The largest increases in area during the rainy years occurred in the rangeland, 

irrigated agriculture, and rainfed agriculture classes. Rangeland corresponds to open 

space usually associated with agricultural communes, while rainfed agriculture 
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corresponds to small fenced plots within the communes that members clear and fence. 

Wheat production is the sole use of these plots and they are cultivated only during rainy 

years; hence their name “lluvias” (rains). 

These differences are also marginal when compared to the size of each class: a 

combined net positive change in the classes rainfed agriculture and rangeland of 5,949 

ha during rainy years is equivalent to 1.1 percent of the study area. Differences associated 

with rainfed wheat production occurred in the southwest corner of the study site (Plate 1). 

Here, the agricultural communes of Peñablanca (6,500 ha) and La Cebada (16,000 ha) 

share the mapped polygon, where they produce wheat regularly (Anonymous comunero 

of La Cebada, personal communication, May 20, 2001). 

Changes in rangelands are due to increased greenness of the natural shrub 

vegetation composed primarily of Fluorensia thurifera, Gutierrezia paniculata, 

Haplopapus sp., Bahia ambrosioides, and Opuntia ovata. Of these, the least palatable and 

therefore most abundant is Gutierrezia. Most changes occur within those agricultural 

communes in the coastal ecosystem (Plate 1).  

The increased greenness detected in irrigated agriculture during rainy years is part 

of the normal phenological development of the crops, because the irrigated area contains 

a mixture of vineyards and annual crops. At the time of image acquisition—late winter 

and spring time—different plots could have shown bare soil, or fallow, recently sowed, or 

crops approaching harvest, which would influence positive and negative areal changes.  

The same pattern occurs during dry years but to a lesser extent. During dry years 

there is a higher density of patches that show a net decrease in vegetation toward the west  
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PLATE 1. STUDY AREA MAP DEPICTING CHANGES IN VEGETATION COVER 

DURING WET AND DRY YEARS  
 

corner of the irrigated area (Plate 1). This happens because it is customary for many 

small-scale annual-crop producers to rent their water. These producers are located toward 

the tails of the irrigation canal system and do not receive enough water to engage in 

cropping during dry years, so they rent their water rights to upstream producers, a less 

risky income generating activity. Prices for irrigation water transactions involving private 
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parties increased from $10 Chilean pesos to $70 per cubic meter (roughly US$0.16 at the 

exchange rate of September 30, 1997) during the 1994-97 drought (Jorge Romero, former 

director of Public Hydraulic Works, personal communication, Dec. 27, 1998).  

Only 3.3 percent of the surface area of this province is irrigated (INE 1997). 

Irrigation water in the Municipalities of Monte Patria and Ovalle is provided by 

snowmelt-fed rivers and by 3 major reservoirs that have an interconnected system of 

canals for water distribution. The rivers irrigate approximately 8,000 ha, while the 

reservoirs deliver enough water to irrigate another 60,000 ha when the system operates at 

full capacity, and 25,000-30,000 ha during drought years. This interconnected system is 

capable of providing water for 3-5 years without rainfall. Estimated water losses due to 

transmission “leakages” are as high as 30 percent, probably due to water theft (Jorge 

Romero, former director of Public Hydraulic Works, personal communication, Dec. 27, 

1998).  

The results derived from satellite imagery are confirmed by ground photography. 

No significant variations in the vegetation cover appear to have occurred in communal 

rangelands for at least 26 years (Plates 2 and 3). The likelihood of added productivity on 

rangelands in response to above-normal precipitation is small. Natural vegetation on 

drylands of the study area is scarce and of poor quality, even on private holdings. Let us 

now examine historical reasons that may help explain the current situation.  

 

6. Historical Land Utilization 

Appropriation of land by Europeans started at the beginning of the colonial regime.  
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PLATE 2. VEGETATION-COVER IN AGRICULTURAL COMMUNE “CANELA 

BAJA.” PHOTOGRAPH BY CONRAD BAHRE, 1972 

 
During the 1500s and 1600s the Spanish crown granted mercedes de tierras (land grants) 

to military officers in recognition of their service, a process similar to that reported by 

Endfield and O’Hara (1999) for west central Mexico. These lands, known later as 

estancias, were granted to high-ranking officers, who usually kept them undivided and 

passed them on to the next generation. These officers had access to military and civil 

hierarchies and enjoyed high social and economic status. They tended to live in the city 

instead of settling on their rural property. Due to their diverse sources of income they 

were able to resist periodic economic crises that affected agriculture during this time 

(Gallardo 1998). These large private estancias were later subdivided into smaller 

haciendas. The haciendas were targeted, during the late 1960s and early 1970s, by 

agrarian reform policies (Kay 1996). As a result of the reform process, there are 

numerous small holdings in the study area today.  
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PLATE 3. VEGETATION COVER IN AGRICULTURAL COMMUNE “CANELA 

BAJA.” PHOTOGRAPH BY THE AUTHOR, 1998 
 

With respect to the origin of communal holdings, Gallardo (1998) suggests two 

possibilities. Firstly, that some land grants might have been granted to low ranking 

officers who did not enjoy access to the hierarchy or other sources of wealth and 

influence. They only had their land. These farmers/ranchers were less prepared to resist 

economic crises and therefore might have been forced to subdivide their properties in 

order to pass them onto their heirs, or sell parcels to meet their immediate needs. 

Secondly, some communities might have originated by de facto appropriations of the 

lands surrounding mines, done by ex-mine workers and by the indigenous populations 

brought into the area from the south of the country to serve the mining companies. Other 

authors suggest the appropriation of relatively marginal lands by the local indigenous 

population due to their displacement by the hacendados. These hacendados might have 

wanted for themselves the flat irrigated lands that the indigenous population controlled 
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(Bahamondes et al. 1994).  

Access to water was the primary determinant of land value. As a result, land 

division within the agricultural communes was done by first measuring water courses, 

and dividing the length into equal parts to each heir. Land was then allocated in a series 

of corresponding swaths perpendicular to the river course (Gallardo 1998). This 

subdivision pattern can be observed today in communal lands within the study area. 

These flat irrigated lands were then fenced, while the upper, hilly and mountainous lands 

were left open to cattle, mules and goats.  

Wheat cultivation, a major activity in the area, began during the first decades of 

the 1600s. For the next one hundred years, wheat was grown on the irrigated flatlands.  

However, during the Eighteenth century, competition from wheat produced in more 

fertile areas in central Chile made local wheat cultivation unprofitable. This pressure 

brought about a new productive pattern in Coquimbo: wine, brandy, and dry fruits were 

produced on the bottom lands of the fertile valleys, while wheat, together with the goats 

and mules, were restricted to the steeper and poorer soils above the valley bottoms 

(Castro et al. 1986). Beef production was also an attractive activity because meat was 

needed during the colonial period to help feed the growing mining population, as well as 

the army that had been assigned in southern Chile to subjugate the indigenous population.  

During the Eighteenth century silver and copper mining became increasingly 

important, reaching its peak during the Nineteenth century. Due to the increase in mining 

related activities in Coquimbo, depletion of woody plant species both on private and 

communal holdings increased. At first, depletion occurred in the vicinity of settlements, 
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mines, and smelters, but the introduction of the reverbatory furnaces for copper smelters 

probably caused the most extensive destruction of wild shrubs and trees across the 

Region during any period (Schneider 1982). The Region of Coquimbo was known as one 

of the wealthier areas of Chile during the Eighteenth century, and its population grew 

steadily, increasing pressure on natural resources (Bahre 1979). By 1850, however, the 

local supply of timber had been exhausted, so coal for the smelters had to be imported 

from the southern regions of Chile (Chateau 1887, cited by Etienne et al. 1987). 

Additionally, the construction and operation of the railway (Torrico 1994), and the large 

amounts of wheat that the California Gold Rush demanded (Aronson et al. 1993), all 

contributed to the exhaustion of natural resources in Coquimbo. Although the bulk of the 

wheat was raised in central and southern Chile, large areas of wild vegetation in 

Coquimbo, especially along the coast were cleared for dry farming (Bahre 1979). 

By the early 1800s the estancias had been subdivided into smaller haciendas 

usually remaining within one family, while the agricultural communes had experienced 

successive subdivisions of the flat irrigated lowlands. As a result, Gallardo (1998) 

presumed that the exploitation of the haciendas by one owner and his heirs over an 

extended period of time resulted in better management of the land. In contrast, the 

communes experienced more population pressure and more subdivision that resulted in 

an enhanced likelihood for deterioration of vegetation and soil resources. 

7. Agriculture in the Region of Coquimbo and the Province of Limarí Today 

Previous researchers have attempted to characterize land management practices in the 

area. As early as 1935, Bull (cited by Gastó and Contreras 1979) indicated that yields of 
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annual crops were steadily decreasing, even during rainy years, due to soil erosion. More 

recently several scholars suggest that 40 to 47 percent of the Region of Coquimbo has 

been subject to overgrazing and over-utilization of natural vegetation, even in some of the 

remaining large haciendas (Gastó and Contreras 1979, ARCHILI 1984, MAB-UNESCO 

1989, and Torrico 1994). In 1983, Valdés utilized a temporal series of aerial photography 

acquired in 1944, 1955 and 1978 to compare haciendas to agricultural communes in three 

sites within the Region. He concluded that (a) severe degradation processes occurred in 

some places prior to 1944, (b) those places in which annual rainfed agriculture had been 

practiced appeared just as highly eroded, regardless of the land tenure regime, and (c) 

some places under cultivation in 1955 seemed abandoned in 1978 and showed a low 

recovery rate of annual vegetation. Etienne et al. (1987), however, claimed that the 

haciendas show more vegetation thanks to improved long-term management practices. 

Many of these large units are devoted exclusively to livestock (Valdés 1983). More 

recently, Soto (2000), utilizing AVHRR imagery, reported different degrees of 

degradation (defined as vegetation cover loss and soil erosion) affecting virtually all 

slopes and plains in the Limarí Province, where the sclerophylous vegetation (e.g. 

Fluorensia thurifera, Haplopapus sp.) has been cleared by overgrazing. Soto blamed 

goats as the main cause, and suggested that their mismanagement has even altered the 

livelihoods of those who depend on them. Aranda (1972 cited by Gastó and Contreras 

1979) suggested that due to the decreased carrying capacity of the pastures in the valleys, 

herders who previously practiced transhumance now use summer pastures permanently. 

Some authors have argued that the intense degradation of the semi-arid ecosystem 
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was primarily due to land tenure, and that the worst problems were found within the 

agricultural communes (CIREN 1978, Peralta 1985, Valdés 1983, D’Andrea 1997, 

Santibáñez et. al 1998). Etienne et al. concluded in 1987 that vast areas of the region have 

been turned into “total deserts,” especially within agricultural communes.  

7.1 Expansion and Intensification of Agriculture on Private Holdings 

Most of what Chile produces is exported, and most exported production is based on the 

exploitation of natural resources (Meller et al. 1996). Such is the case in the Region of 

Coquimbo, where mining and agriculture are currently the two main economic activities, 

and their output is traded internationally. Between 1990 and 1997, the average 

contribution of mining to the Gross Regional Product (GRP) was 22 percent, and that of 

agriculture was 21 percent. The agricultural GRP almost tripled between 1985 and 1996 

due mainly to fresh fruit exports (INDAP et al. 2001). Irrigated agriculture is the 

foremost employment opportunity in the study area (Soto 2000). The rapid growth of 

private agriculture is the result of the structural adjustment programs starting in the 1970s 

and 1980s and the implementation of open-market policies (Meller et al. 1996). 

Table grapes, wine, and pisco (a local brandy made of a mixture of specific grape 

cultivars) are the most common products of this Region. Of the Regional fruit-producing 

acreage, 47.0 percent is planted with table grapes, 44.3 percent with pisco grapes, and 8.6 

percent with wine grapes. These proportions are similar when data for the Municipalities 

of Monte Patria and Ovalle are combined (Table 9).  

With respect to the size of holdings, producers of table grapes and pisco (data for  
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TABLE 9. VINEYARD HECTARES AND NUMBER OF HOLDINGS BY GRAPE 

TYPE AND LOCATION, DECEMBER 2000  
 Table 

Grapes (ha) 
No. 

holdings 
Wine 

Grapes (ha) 
No. 

holdings 
Pisco 

Grapes (ha) 
No. 

holdings 
Chile 50,818 N/a 103,876 N/a 10,016 N/a 
Region Coq.   9,864 N/a    1,804 N/a  9,279 N/a 
Ovalle   1,516 106    1,136 62  3,488 481 
Monte Patria  4,594 419        52 82 1,244 739 
Total Prov. 
Limarí 

7,041 550   1,340 172 5,875 1,486 

Source: Department of Agricultural Protection, SAG, Chile 

 

wine producers was not available) tend to be rather small, especially among the pisco 

producers. For example, 60 percent of pisco grape producing farms are 0-1ha, as 

compared to 19 percent for table grapes growers. On the other end, 4 percent of pisco 

holdings are larger than 20ha, as compared to 13 percent among the table grape growers 

(calculated from Table 10). My fieldwork showed that numerous smallholders, including 

a few agricultural community members, produce pisco grapes. They are dependent on the 

financial and technical support that the two main pisco manufacturers (i.e. Capel and 

Control) have traditionally offered them (Francisco Peñafiel, Capel, personal 

communication, Dec. 23, 1998). Hence, the collapse of these businesses would likely 

affect the smallholders disproportionately. 

 

TABLE 10. NUMBER OF GROWERS BY SIZE TYPE IN REGION IV, DECEMBER 

2000 (IN HA) 

Source: Department of Agricultural Protection, SAG, Chile 

 

Hectares 0 – 1 1.1 - 5 5.1 - 10 10.1 - 20 20.1 – 50 > 50 Total 
No. of Pisco Growers 215 70 35 19 9 6 354 
No. of Table Grapes 
Growers  177 386 130 94 79 39 905 
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With respect to the value of the products exported by this region, wine, pisco, and 

table grapes command 95 percent of the total. The annual value of exported table grapes 

increased 1.6 times between 1995 and 2000, and that of wine expanded more than 

eightfold. The value of exported pisco increased 2.6 times between 1995 and 1998, but 

has decreased sharply since then (calculated from Table 11).  

 

TABLE 11. VALUE OF ANNUAL AGRICULTURAL EXPORTS FROM REGION IV 

(F.O.B., THOUSAND U.S.$) 

Source: Bureau of Agricultural Planning (ODEPA) from the Ministry of Agriculture, and Customs 

 

Both the exported volume and its value of viticulture grew as private producers 

continued to invest in new vineyards, driven by high international prices. In this sense, 

producers of the Region of Coquimbo are a good example of the application of the 

export-led macroeconomic policies (Meller et al. 1996). The acreage of table, wine, and 

pisco vineyards increased from around 1,500 ha in 1974 to 11,000 ha in 1997, at an 

average growth rate of about 400 ha per year. In 1998, though, the acreage remained 

almost the same to that of 1997. (Figure 7, based on Bahamondes et al. 1994, and 

unpublished data provided to the author by Ricardo Vilches, from the Agriculture and 

Livestock Service [SAG, in Spanish], Region of Coquimbo, personal communication, 

June 8, 2001.) For the first time in 23 years, the dynamism of the grape-producing sector 

 1995 1996 1997 1998 1999 2000 
Table Grapes 76.372 98.529 101.797 123.074 123.816 122.065 
Wine Grapes  127 467 688 1.222 1.099 
Pisco 314 474 666 819 623 545 
Other Ag. Products 2.252 2.572 4.811 5.702 7.975 7.070 
Total 78.938 101.702 107.741 130.283 133.636 130.779 
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started to decline, or at best, stagnate. This decline could have been in response to the 

deterioration of international markets (Figure 8, left hand panel), as growers planted new 

vineyards at a lower rate than before (Figure 8, right hand panel). Some growers even 

decided to remove their pisco vineyards (i.e. the right hand panel shows a decrease in the 

pisco acreage in 1998). 
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FIGURE 7. EVOLUTION OF TABLE, WINE, AND PISCO VINEYARDS IN THE 

MUNICPALITIES OF OVALLE AND MONTE PATRIA (IN HA) 
Source: Modified from Bahamondes et al. (1994) and data from the Department of Agricultural Protection (SAG Region IV) 

 

The evolution of the grape-producing industry in the study area is important for 

several reasons. First, this industry is the primary source of employment in the area (Soto 

2000). The bulk of the rural population, especially that part living in communal lands, 

depends on the employment options offered by private producers (Schneider 1982). If the 

industry continues to decline, the commune members and their families will suffer from 
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reduced employment options and will face less certainty to ensure their subsistence. They 

would probably have to rely more heavily on the meager resources that the agricultural 

communes offer them or out-migrate to larger metropolitan areas at higher rates.  

 

 

FIGURE 8. ANNUAL GROWTH RATE OF EXPORTED AGRICULTURAL 

PRODUCTS BY THE REGION OF COQUIMBO  
Left hand panel depicts the value of exported goods; right hand panel, the exported 
volume. 
Source: Modified from data of the Bureau of Agricultural Planning (ODEPA, Ministry of Agriculture), the Central Bank, and Customs 

 

Second, due to favorable international market conditions and the scarcity of flat 

irrigated soils, private entrepreneurs in the study area have expanded their vineyards, with 

the aid of drip irrigation technology, to soils that would usually be considered marginal 

for agriculture because of their steep slopes. These soils have been bulldozed to remove 

the few remnants of natural vegetation, and planted them with grapevines (Plate 4). These 

leveled soils remain bare during the winter rainy season. Therefore, there is a high 

probability of increased soil erosion during the few episodic rain events that occur. 

Exposed soil, usually cleared of weeds and compacted by machinery will suffer from  
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PLATE 4. LOCATION OF NEW PRIVATE VINEYARDS NEAR  

EL PALQUI, MUNICIPALITY OF MONTE PATRIA, PROVINCE OF LIMARÍ  
 

“reduced infiltration rates and increased runoff, which results in soil erosion and 

increased transport of water, nitrogen, and other plant nutrients on the landscape” 

(Schlesinger et al. 1990). This process increases the heterogeneity of the spatial 

distribution of these elements, as water will remove them to the lower parts of the basin. 

The landscape as a whole will suffer from increased rates of denitrification and ammonia 

volatilization (Schlesinger 1990). During my frequent trips across the Limarí River basin, 

I did not witness any measures that would prevent soil erosion in these recently planted 

vineyards. This agrees with Clapp’s vision of the Chilean export-led model in which 

“continued economic expansion is held to depend on the extension of extraction of every 

conceivable natural resource;…conservation means not preservation but the 

intensification of resource exploitation…” (Clapp 1998).  

Third, if predicted drier conditions come to be, more conflicts for water are to be 
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expected. For example, during the 1994-97 drought, a great number of illegal wells were 

drilled. The current water code does not provide the General Water Directorate with 

instruments powerful enough to deter promptly these illegal water users (Iván Jacob, 

provincial director of the General Water Directorate, personal communication, Dec. 9, 

1998). Additionally, increased extraction from aquifers may further threaten natural 

vegetation during droughts since, according to knowledgeable technicians, the study area 

has a limited supply of underground water because valley fill is shallow (Jorge Romero, 

former director of Public Hydraulic Works, personal communication, Dec. 27, 1998).   

  

7.2 Agriculture and Livestock Raising on Agricultural Communes 

Because their irrigated plots are small, the greatest impact the commune members have 

on the landscape is through their long-term activities on the large tracts of open-access 

land, locally known as campo común or common land. Most of what the commune 

members currently do in the campo común is woodcutting for fuel, and raising livestock. 

This has been the general pattern for centuries (Schneider 1982, Avendaño 1986, 

Comisión Regional de Ganado Caprino 1994). Rainfed wheat cropping was practiced in 

the past, but has been effectively abandoned in the Limarí River basin due to intense land 

degradation processes and resulting low yields (Ledin 2000).  

According to Schneider (1982), in 1975 the Region of Coquimbo had only about 

80 percent of the livestock it had in 1935 due to the general decline in the productivity of 

rangelands. Rangelands are the main source of forage for goats. If rainfall is adequate, 
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there will be pasture from May through November, depending on the location (Ledin 

2000). During the dry season herds were traditionally moved to the mountains.  However, 

Ledin suggested that this is no longer possible due to land-cover changes resulting in 

vegetation loss, possibly due to the impact of herds that are now kept permanently in 

upland summer pastures, as reported in 1972 by Aranda (cited by Gastó and Contreras 

1979). Low quality pastures during the more common dry years produce nutritional 

deficiencies that usually translate into high abortion rates and low survival rates among 

kids (Cosio 1990). Therefore, herders are unable to select their animals, keeping all 

female survivors for milk production, while eliminating males immediately after delivery. 

Elimination of males is a common practice because there is no market for goat meat. All 

adult goats are set free during the day to roam the rangelands, while immature animals 

are kept penned. This is what is known as the “traditional system” (Ledin 2000), 

practiced by all those comuneros and other herders who have up to 120 goats, the most 

common herd size (González 1998). The agricultural communes usually have rules aimed 

at limiting the size of members’ herds. However, due to social relationships within a 

commune, these rules are almost never enforced.  

Ledin (2000) estimated carrying capacity of rangelands in the municipalities of 

the Region of Coquimbo. For Monte Patria, she estimated that, at that time, the size of the 

total goat herd was at least four times the carrying capacity, and the rangeland could be 

considered to be in “bad” condition. In Ovalle, in contrast, there were fewer goats than 

the range might have supported. The state of the rangeland in Ovalle was considered as 

“acceptable.” She strongly recommended that the load there not to be increased.  
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Management practices within the agricultural communes have been inadequate, 

especially with respect to stocking against carrying capacity. Stocking rate is the most 

important variable in grazing management (Walker 1995), but has been neglected by the 

comuneros over a long period of time. Unfortunately, this does not apply only to 

communal lands. In Pachingo, a private hacienda of 4,000 ha located in the coastal 

ecosystem, the owners manage about 850 goats; 500 remain pen-fed part of the time 

while the remaining 350 roam the rangeland freely, with no active management (Soledad 

Vicuña, Pachingo’s owner, personal communication, Dec. 12, 1998). At that time, the 

vegetation in this hacienda was in very poor condition, with the coastal hills devoid of 

vegetation and eroded to bedrock. 

Another example is the Hacienda Valdivia, located in the precordillera (near the 

Andes Mountains). This hacienda has 80,000 ha, of which only 400 ha are irrigated. It 

spans both sides of a river that dissects a narrow valley. In the hills to the north, the 

owners rent pasture, charging a fee per animal and controlling the stocking rate. On the 

hills to the south on lands adjacent to the agricultural commune Los Clonquis, owners 

have decided to grant commune members free access, thus avoiding continuous quarrels 

(Flavio Castro, manager of the Hacienda Valdivia, personal communication, Dec. 8, 

1998). These open access hills look completely bare compared to the ones to the north of 

the river, even considering that the hills to the south are north-facing and drier. 

Such is the case for much of the private rangelands in the study area. There is 

usually no fencing and little chance of controlling trespassers, given the difficult 

topography and large size of many haciendas and agricultural communes.  
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8. Local Observations of Climate and Land Cover Change  

The discussion presented in this section analyzes the responses to a questionnaire of 

members from three agricultural communes located in each of the ecological units of the 

Limarí River basin. The questions relate primarily to the members’ perceptions 

concerning climate and resource management issues (Table 12). 

Several climate models predict a trend toward less favorable climatic conditions 

in the region due to global warming. The IPCC (1996) predicts an increase in temperature 

that may bring an associated change in the water cycle, changes in the intensity and 

spatial distribution of rainfall, runoff, and water recharge, especially across the drylands. 

In areas of Latin America, researchers suggest a tendency toward increased dryness.  

Several authors have argued that the territory between 27°S and 39°S, where the 

study area is located, will probably suffer from more intense and frequent droughts 

(Castellaro 1988, CONAMA 1994, 1996). Local evidence suggests that the area may 

already be experiencing a measurable change in climate, expressed in both an increase of 

surface mean air temperature and a decrease in precipitation (Rosenbluth et al. 1997, 

Montesinos et al. 2000). In the early 1980s, Schneider (1982) also suggested that the 

precipitation pattern in the Region of Coquimbo was in decline. 

The majority of respondents concur with these arguments. They reported that 

local climate has become drier (86.6 percent) and warmer (68 percent) compared to 10 

years ago.  In relation to droughts, the driest years that respondents recall are those 

closest to the date when the questionnaire was administered in 1998. These years—1994-

96, and 1998—are among the driest since instrumented recording began 102 years ago.  
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TABLE 12. PERCEPTIONS IN STUDIED AGRICULTURAL COMMUNES  

CA1: El Durazno, CA2: El Tome, CA3: Los Clonquis 

 

However, it is worth noting that 7.8 percent of respondents believed that this dry period 

  AC1 AC2 AC3 All 
Current rainfall vs 10 y ago Less 82.5 97.5 79.5 86.6
Current temp.vs 10 y ago Warmer 65.0 72.5 66.7 68.1
Dryest year in the last 20      

dryest1994 6.7 26.3 20.6 18.6
 1998 23.2 0.0 26.5 15.7
 1992-96 13.3 2.6 8.8 7.8
 1968 3.3 15.8 0.0 6.9

2nd dryest1995 20.0 31.4 31.0 29.1
 1998 20.0 2.9 20.7 12.7
 1996 13.3 14.3 6.9 11.4

3rd dryest1996 28.6 32.3 45.0 36.2
 1998 14.3 6.5 10.0 8.6
Crop yields Decrease 42.3 38.5 35.1 38.2
 Same 34.6 30.8 37.8 34.3
 Increase 3.8 17.9 2.7 8.8
Cause for Change in yields Lack of irrigation water 33.3 10.7 28.6 22.4
 Drought 11.1 14.3 0.0 9.0
 Inadequate technology 5.6 17.9 0.0 9.0
 Low fertility of soils 0.0 10.7 9.5 7.5
Willingness to continue raising goats No 48.6 80.0 48.7 58.7
 Yes 5.7 11.4 46.2 22.0
 Never raised 40.0 0.0 2.6 13.8
 Will continue but change management practices 2.9 0.0 2.6 1.8
 Would not continue if dry years continue 2.9 5.7 0.0 2.8
 Would stop if had access to other resources 0.0 2.9 0.0 0.9
10y ago had more/less animals  Did not raise then 57.1 62.2 21.2 47.6
 More 25.7 27.0 54.5 35.2
 Less 17.0 2.7 54.5 35.2
 Same 0.0 8.1 9.1 5.7
20y ago Did not raise then 61.8 66.7 30.7 53.4
 More 20.6 16.7 51.5 29.1
 Less 11.8 11.1 12.1 11.7
 Same 5.9 5.6 6.1 5.8
Erosion in your goce singular Yes 27.8 23.5 33.3 28.2
 No 55.6 70.6 45.5 57.6
 More/less 16.7 5.9 18.2 12.9
Topography of your goce singular Flat 3.8 5.6 64.9 27.3
 Rolling hills 30.8 2.8 32.4 21.2
 Steep slope 51.7 91.7 2.7 49.5
Type of soil of your goce singular Good  16.0 75.0 9.1 36.2
 Intermediate 48.0 25.0 60.6 43.6
 Bad 28.0 0.0 30.3 18.1
Is your common land eroded No 5.0 41.0 21.6 22.4
 Yes 27.5 56.4 48.6 44.0
 More/less 67.5 2.6 29.7 33.6
How is the soil in your common land Good  47.5 70.0 24.3 47.9
 Intermediate 42.5 22.5 43.2 35.9
 Bad 10.0 7.5 32.4 16.2
Do you clear soil for rainfed cropping Does not crop 94.7 47.5 22.5 54.2
 Yes 0.0 0.0 2.5 0.8
 Uses existing lluvias 5.3 52.5 75.0 44.9
Do you collect wood No 86.5 57.5 52.5 65.0
 for medicinal purpose 8.1 42.5 37.5 29.0
 For firewood 2.7 0.0 2.5 1.7
 As ornamental 0.0 0.0 5.0 1.7
Is firewood a better source of energy No 27.0 22.5 16.2 21.9
 Yes 73.0 77.5 83.8 78.1
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started in 1992. This year had above normal rainfall. The difference between 

respondents’ perceptions and instrumental reality may speak of the spatial variability of 

rainfall in semi-arid regions. From the government standpoint, the drought officially 

started in 1994 (SEREMIA 1998), while instrumental records showed that 1993 was also 

a dry year. The reason for this apparent delay is that the government can officially declare 

a state of drought only after two years of below-normal precipitation.  

In relation to crop yields, respondents who engaged in some form of cropping 

believed that their yields have remained the same or decreased over the preceding ten 

years. Those who believed that yields changed blame lack of irrigation water first, then 

drought (which seem to affect Los Clonquis and El Tome more than El Durazno) and 

finally, soil fertility. Only respondents in El Tome believed that yields have increased, 

due to investments in technology. Many respondents in El Tome are engaged in the 

production of annual crops in greenhouses and use drip irrigation technology.  

The number of goats kept by households in a community varies with time and 

location. In Los Clonquis, there was an increase in goat stock because the number of 

members engaged in goat-grazing increased during the last 20 years. In El Tome, there 

was a contrasting trend. Only 20 percent of families were currently engaged in goat 

raising compared to about 36 percent in the past. It is likely that the introduction of new 

cropping techniques in El Tome, such as the use of greenhouses and drip irrigation, 

displaced more traditional and less profitable activities such as goat herding. Among all 

communities, El Durazno was the most active in goat raising. Also, the number of 

households engaged in livestock in El Durazno varied widely, from 70 percent twenty 
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years ago, to 80 percent ten years ago, to 52 percent in 1998, probably reflecting the 

effect of the 1994-96 drought. This location, the driest of all three communities, was 

where respondents indicated a willingness to continue this activity in the future.  

With respect to the quality of soil, the perceptions of communal members 

appeared to diverge from conditions observed on the ground. Many respondents 

perceived soil quality of the goce singular (the small plot of irrigated land that 

households in the communes control) to be good to intermediate, and not eroded, even if 

the topography was rolling or steep.   

Similarly, most respondents considered the soils of their agricultural commune to 

be good to intermediate in quality. In this case, most respondents felt that communal soils 

were suffering from erosion. This difference in the communal members’ perception about 

the erosion of their own goce singular and that of the community might have reflected 

how fewer people care to actively manage the open-access part of the agricultural 

community.  

Most respondents in Los Clonquis did not engage in rainfed farming in the lluvias. 

As they considered the communal land eroded, and crop yields decreasing, this would 

have been a rational decision. By contrast, a high proportion of households in El Tome 

and El Durazno were willing to use the lluvias. This practice clearly contributes to soil 

erosion because the members, in preparation for planting, usually ploughed down-slope 

rather than across-slope on the contour. Based on these findings, it is possible to conclude 

that this practice was not yet totally abandoned, as observed by Ledin (2000). 

Wood collection was an ongoing activity and an important component of the land-
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cover change process. Most of the population in the study area was aware of the law that 

prohibited live-tree woodcutting. Consequently, most of the respondents indicated that 

they did not collect wood. Yet a high proportion of the respondents believed that 

firewood is a much better source of energy than bottled gas, especially for cooking. In 

fact, I witnessed several households that answered negatively to this question had stacks 

of fuelwood in their backyards. In terms of biodiversity and erosion control, it is perhaps 

fortunate that the members ignored modification of the law that permitted cutting of trees 

in areas with less than ten percent tree cover without authorization of the forest service. 

Areas with more than ten percent tree cover are considered forest by the legal standard, 

and thus require an authorization to cut. This permit is issued by CONAF, the Chilean 

forest service (Mr. Waldo Canto, CONAF Regional Director, personal communication, 

Dec. 12, 1998). The law reflects Chile’s highly centralized policy-making procedures 

because the new regulation applied better to the southern, wetter Regions and did not take 

into account the nature of drier ecosystems.  

 

9. Conclusions 

Satellite imagery and ground photography confirmed the findings of previous research 

that rangelands in the study area have deteriorated over 20 years as a result of land-cover 

change processes. Vegetation in rangelands within the study area responded positively to 

rainfall, but only to a limited extent. All analyzed vegetation cover classes showed small 

patches of significant increase during wet years. The size of these patches relative to the 

size of the study area or the size of the cover class was, however, marginal. It can be 



 97 

argued that the impact of precipitation variation on the ecosystem in terms of its primary 

productivity was null.  

The reasons for a marginal effect of precipitation are rooted in the history of land-

use and stock management since settlement in the Sixteenth century. Wood cutting for 

mining, and the clearing land for wheat cropping, continued overgrazing, and the focus 

on production of irrigated crops in marginal areas all contributed to the removal of 

natural vegetation, and soil erosion. Thus, both land tenure regimes found in the study 

area have suffered from mismanagement.  

The concept of stocking rates did not figure into private and communal herders’ 

decision-making. Despite the condition of rangelands, many individual herders in 

communal lands increased the size of their herds over a 20 year period. Moreover, they 

were willing to continue grazing goats, probably using lands that extend beyond the 

limits of their agricultural communes, since most of the rangelands within the study area 

were not fenced. Under these circumstances, the development and adoption of sound 

rangeland management strategies like those proposed by Westoby et al. (1989) seem 

highly unlikely. Hence, agricultural productivity was expected to remain low, even after 

episodic rainy events. 

 The economic opportunities offered by foreign markets were the main driver for 

private holders to expand vineyards into marginal soils. The deterioration of international 

markets for local commodities would affect the labor market by decreasing the demand 

for wage labor. In this scenario, members of agricultural communes would be forced to 

rely on the meager land resources they controlled to ensure their livelihoods, thereby 
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degrading the natural resources they have access to even more. 
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APPENDIX C: HOUSEHOLD VULNERABILITY TO DROUGHT IN COMMUNAL 

LANDS IN COQUIMBO, CHILE 

 

1. Abstract 

Droughts occur with high frequency in the semi-arid region of Coquimbo in northern 

Chile. Twenty five percent of the land belongs to agricultural communes, and families in 

these communities are considered to be poor and indigent. Agricultural communes have 

existed for centuries, and therefore their members have learned to adapt to harsh 

conditions. But these families have not been equally successful in adapting, and there are 

many which are vulnerable to the recurrence of drought. Three agricultural communes 

were surveyed, and a vulnerability index was elaborated based on the community right-

holders’ responses. Findings show that access to productive resources is a key 

determinant of differential vulnerability, i.e. the ability of an individual or a group to 

cope and adapt to drought. Differences in access within communes are caused by the 

inequitable distribution of land by the board of directors in the recent past. Access to 

agricultural credit is limited because families do not have collateral. Vulnerability is 

conditioned by access to land, greenhouses, irrigation technology, chemicals, and 

improved seed. Most of these families depend on off-farm employment provided by 

private agriculture. During droughts, most vulnerable families members tend to 

outmigrate temporarily seeking jobs, and sell small and large animals. Governmental 

responses are based on emergency relief. There is no long-term planning for drought-

related risk management, nor consideration of vulnerability levels.   
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2. Introduction 

Recurrence of droughts is one characteristic of climate in the semi-arid region of 

Coquimbo in northern Chile. During these times of hardship agricultural communes see 

their livelihoods disrupted because of declines in agricultural production, livestock losses 

and consequent outmigration. However, this place continues to be inhabited by the heirs 

of those to whom communal lands were initially granted during the Colonial period. This 

land tenure arrangement was adopted as a means to avoid subdivisions of land that would 

have resulted in agriculturally unsustainable parcels. Larger parcels would allow the 

commune members to better cope with reduced yields that come with recurrent droughts 

(Gallardo, 1998). As in every community, however, there are households that may be 

better adapted to deal with drought than others for a variety of reasons.  

The focus of this study was the differential vulnerability, defined as the different 

capacity of individuals or communities to adapt (or cope, or respond) to an external stress 

such as drought, of the members of agricultural communes of northern Chile. It draws 

from Kelly and Adger’s (2000) suggestion where vulnerability analysis should be a 

starting point to suggest remedial action to deal with the impacts of climate variability. 

The adaptive responses that the affected population has developed over time are also an 

important issue related to vulnerability (Smit et al. 2000). The analytical framework 

proposed by Liverman (1994) considers vulnerability assessment as a multidimensional 

exercise consisting of many aspects such as physical environment, political-economic, 

and social conditions.  

Researchers predict that in all likelihood extreme events will occur in the future 
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once mean climatic conditions undergo significant shifts (Burton 1997, Klein and 

Maciver 1999, Magistro and Lo 2001). The study of vulnerability and adaptation to 

drought is a beneficial area of research because it can be used to inform government 

policy that seeks to minimize the impacts of climate variability on those social groups 

that might be most affected by adverse change. Lenton (2002) suggested that adaptations 

and impact mitigation on seasonal to interannual time scales will be critical in the long-

run as well. Even though there are some examples of current adaptations in industrialized 

countries, such as those described for ranchers in the US Southwest (Finan et al. 2002), 

there are few studies that describe vulnerability and adaptation to drought in semi-arid 

environments in southern South America.  

This study attempts to measure, describe, and compare the vulnerability to 

drought of different types of rural families living in three specific agricultural communes 

in the semi-arid Region of Coquimbo in northern Chile. It addresses the following 

research questions: (1) Are member households in the agricultural communes vulnerable 

to drought, and what are the different degrees of vulnerability within one agricultural 

commune?, (2) What are the main determinants of their vulnerability to drought?, (3) 

What are the main strategies developed by vulnerable households to cope with drought?, 

and (4) What actions have been taken by the central/local governments to mitigate 

drought impacts among these groups? 

 

3. Study Area 

The Region of Coquimbo has traditionally endured the highest levels of poverty in the 



 107 

country, with most of the poor population living in rural areas, and the largest proportion 

is found in the agricultural communes (CIREN 1978, Schneider 1982, Universidad de 

Chile 1994). The comuneros hold usufruct rights to these farming/grazing systems, but 

there is constant outmigration (Schneider 1982), and a long-term dependency on 

extremely degraded (i.e., loss of natural vegetation cover and increased soil erosion) 

scarce natural resources for subsistence (Bahre 1979).  

Coquimbo is also affected by frequent droughts, and their impact has been well 

documented. For example, according to Schneider (1969, cited by Bahre, 1979) La 

Serena (29.90ºS-71.20ºW), the capital of Coquimbo, was affected by serious droughts 

during 1909-13 (total annual precipitation of 45 mm), 1916-18 (47 mm), 1935-37 (75 

mm), 1945-51 (68 mm), 1953-56 (67 mm). These dry periods tend to disrupt households’ 

livelihoods in the agricultural communities because of reduced crop yields, as well as the 

need to reduce the size of their goat herds as a result of reduced forage and a consequent 

increase in the cost of supplemental feed. In response to reduced opportunities to generate 

income in the past, comuneros migrated to the large copper mines located near the 

Atacama Desert to the north, or to the southern, more fertile agricultural valleys, and 

cities in search of jobs (Bahre 1979, Castro and Bahamondes 1986, CEIREN 1978). 

While the comuneros have sought employment in other areas, their goats, the mainstay of 

their traditional livelihood, died by the thousands (González 1998).   

Communal lands in Coquimbo cover one million ha and constitute 25 percent of 

the surface area of the Region. Coquimbo is divided into three provinces. The Province of 

Limarí (30°45’S; 70°30’W–30°45’S; 71°30’W) was selected as the study area because it 
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contains about 40 percent of the communal lands in the Region, 73 percent of the total 

count of agricultural communes, and 36 percent of private lands. In particular, private 

agriculture shows a high dynamism in terms of investment and technological innovation. 

In this province individual communal holdings have tended to be larger than 2,000 ha 

(INE 1997). 

One of the main economic activities in Limarí is irrigated agriculture, but only 3-5 

percent of the area is irrigated (CIREN 1978, INE 1997). Most irrigated lands belong to 

private owners who invested in the export oriented agricultural business in the early 

1980s. Limarí is an important producer of different varieties of citrus fruits and table 

grapes that benefit from off-season markets in the northern hemisphere. Production is 

channeled to foreign markets through a myriad of exporting companies. During the 

1990s, many private landholders enjoyed great financial success. Changes in the financial 

framework (i.e., unexpected currency devaluations after an extended period with fixed 

exchange rate, higher interest rates) and a steady decline of prices for fresh fruit in 

foreign markets, forced many of these highly indebted producers out of business. 

Ownership of land, especially of larger holdings, was then transferred to the banks, and 

ultimately acquired by the transnational companies. In addition to fresh fruit, wine and 

pisco (a local brandy made from grapes) are also produced in this region. 

The main agricultural/farming activities in a typical agricultural commune have 

included production of vegetables such as tomatoes, bell peppers, cucumbers, as well as 

alfalfa for those with access to irrigation water, and goat raising (CIREN 1978). Because 

their irrigated plots tend to be very small, the greatest impact the comuneros have had on 
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the landscape is through their long-term activities on large tracts of open-access land, 

locally known as campo común. Most of what the comuneros have done in the campo 

común has been woodcutting for fuel, and raising livestock. This has been the general 

pattern for centuries (Schneider 1982, Avendaño and Gallardo 1986, Comisión Regional 

de Ganado Caprino 1994). Rainfed wheat cropping was practiced in the past, but has 

been abandoned due to declines in soil fertility and low yields (Ledin 2000). Mr. 

Avendaño, the provincial agent from the Ministry of National Goods, believed that 

normal yield in the past was “60 to 1” whereas nowadays it is “2 to 1” (referring to the 

harvested weight of grain in relation to applied seed per unit area).    

Goat herding has been important traditionally, but in 1975 the Region of 

Coquimbo had only about 80 percent of its 1935 stock due to a general decline of the 

rangeland productivity (Schneider, 1982). One informant believed that between 1994 and 

1997 the goat population in Region IV dropped from 800,000 to 450,000 due to drought 

(Hugo Lari, PRODECOP provincial coordinator, personal communication, Dec. 10, 

1998). The main product from goats is cheese, which was usually manufactured in the 

comunero’s house and then sold in the city of Ovalle or along the main highway. In 1998 

a law was passed that forbade such practice due to the health risk for consumers. The 

desired outcome was that cheese producers would organize themselves into micro-

enterprises and produce cheese under hygienic conditions (González 1998). This law was 

not enforced.   

Rangelands have been the main source of forage for goats. If rainfall is adequate, 

there is pasture from May through November, depending on the location (Ledin 2000). 
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During the dry season, herds were traditionally moved to the mountains in a form of 

transhumance.  However, Ledin reported that this practice was abandoned because of 

degradation of upland vegetation, possibly due to the impact of herds kept permanently 

there. This reinforced observations made by Aranda in 1972 (cited by Gastó and 

Contreras 1979). Low quality pastures during dry years produce nutritional deficiencies 

that usually translate into high abortion rates among goat herds and low survival rates 

among kids (Cosio 1990). In this situation, herders cannot select their animals, but must 

keep all female survivors for milk production, and eliminate males after delivery. 

Elimination of males is a common practice because there is no market for goat meat. All 

adult goats are set free during the day to roam the rangelands, while immature animals 

are penned. This is known as the “traditional system” (Ledin 2000), practiced by almost 

every goat herder comunero (González 1998). Only a few large herders, usually private 

entrepreneurs, rely on improved systems that include access to irrigated pastures.  

3.1. Location of Studied Agricultural Communes  

Mean annual rainfall across the province of Limarí varies from 189mm near the Andes 

Mountains to 142mm near the coast. Precipitation is highly variable: the mean coefficient 

of variation is a high 0.73. Drought is the dominating feature of the study-area. 60 percent 

of recorded years receive below-average rainfall. In several occasions, dry spells, which 

tend to be longer than wet ones, have spanned three years or more (i.e. 1908-14, 1916-19, 

1936-39, 1945-48, 1966-70, 1972-75, 1993-97) (see Appendix A). According to local 

residents, the run of dry years starting in 1966 and 1993 were the most severe.  
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Precipitation, temperature, and evapotranspiration gradients contribute to defining 

the three major ecological units across the province: precordillera, interior, and coastal 

(Pouget et al. 1996). The three agricultural communes included in this study and their 

corresponding ecological units are (i) Los Clonquis (precordillera), (ii) El Tome 

(interior), and (iii) El Durazno (coastal).  

The easternmost–Los Clonquis–is located at 1,000m above sea level (CIREN 

1978), next to the Andes piedmont, and about 120km inland. This agricultural commune 

of 48 members encompasses 3,780ha of rugged terrain that includes 40ha under 

irrigation.  

El Tome is found half way between the mountains and the ocean. It is located in a 

narrow north-south oriented valley named after the Guatulame River, and enjoys frost-

free climatic conditions. Agricultural activity involved year-round production of 

greenhouse vegetables harvested early in the season and sold in distant markets such as 

Santiago, the capital of the country. In the vicinity of El Tome are a large number of 

privately owned vineyards and orchards and a relative abundance of water extracted from 

the nearby La Paloma reservoir through irrigation canals, and from the Guatulame River. 

All these productive activities demand large amounts of hand labor. El Tome has 275 

members, of whom only 105 live in the district. El Tome has an area of 3,000ha, 

including 65 under irrigation.  

The westernmost community, El Durazno, is in a valley flanked by the terraces of 

the Estero Punitaqui, a small river that flows into the lower section of the Limarí River. It 

is the smallest of the three agricultural communities (i.e. 937ha) and has 60 registered 
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members, of whom only 34 live within the area. Production includes cultivation of 

potatoes, other vegetables, and goat herding.  

Access to markets of each agricultural commune varies as a function of 

proximity: most producers in Los Clonquis and El Durazno sell their products at the local 

market in Ovalle, while those in El Tome market their production through several 

channels, supplying more distant locations in Chile.  

This study was conducted at the end of 1998, an extremely dry year that was 

perceived by farmers as a continuation of the previous multi-year 1993-97 drought. At 

the outset, 1997 had been considered a dry year, but strong rains in late-season August 

recharged river flow and replenished the three nearly-empty reservoirs in this province. 

The 1993-97 drought had major impacts on the livelihoods of comuneros: the central 

government transferred about US$10 million in emergency aid to the Region of 

Coquimbo, which was basically used as emergency aid to the households on communal 

lands (SEREMIA 1998). 

4. Methods 

Kelly and Adger’s (2000) definition of vulnerability fits the purpose of this study because 

it focuses on the household’s ability to cope with the impacts of recurrent drought. From 

this perspective, access to resources is a key determinant of household or group 

vulnerability (Adger and Kelly 1999, Blaikie et al. 1994, Finan et al. 2002, Vogel 1997).  

Kelly and Adger (2000) also consider that there is a “social construction of vulnerability” 

that encompasses the socio-economic and political processes that shape vulnerability.  

In this case study, the dimensions of vulnerability have been extended to include 
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colonial times when the best lands were granted to high-ranking members of the army, 

while lower-ranking officers and soldiers were given poorer quality lands (Gallardo 

1998) and indigenous people were totally displaced (Bahamondes et al. 1994). 

Access to resources, income-generating activities, coping strategies, and 

governmental initiatives constitute some of the elements that shape the capacity of an 

individual or a group to resist the impacts of drought (Reilly and Schimmelpfennig 1999). 

Data that describe these variables were gathered and analyzed according to the following 

methods: 

(1) Characterization of Variability among Household Economies. The 

characterization of comunero household economies in agricultural communes was done 

with data gathered through a structured socioeconomic questionnaire. The questionnaire 

consisted of sections addressing topics such as household demographics, on- and off-farm 

income generating activities, access to land and water resources, food consumption 

patterns during droughts, and other coping strategies that were employed during times of 

stress. 

The survey was conducted in the three communes described above. These were 

selected after interviewing experts from the local Universidad of La Serena and public 

agencies such as the regional secretariat of the Ministry of National Goods, and a rapid 

appraisal of the study-area based on a preliminary questionnaire. The intent was to locate 

samples within each of the three main ecological units in the province of Limarí. Forty 

households per location were randomly selected in the field, and inhabitants were 

interviewed in December 1998. The status of each respondent as a valid commune 
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member (i.e. someone entitled to live on, and used the resources of an agricultural 

commune) was verified using a list of members of each agricultural commune provided 

by the Regional Secretariat of the Ministry of National Goods. This agency keeps records 

of all changes within the agricultural communes, such as members and land transfers.  

This study was based on a survey of 120 families and 500 individuals. With such 

a small sample, the findings of this study are descriptive and not statistically 

representative of all 160 agricultural communes and their estimated 80,000 members. In 

order to complete the projected sample size in the case of El Durazno, 6 members of the 

neighboring agricultural commune El Espinal de Chalinga were identified and 

interviewed. Both agricultural communes shared similar characteristics in terms of 

demographics, on- and off- farm income-generating activities, and access to irrigated 

land. Therefore the results reflected the two groups combined. 

I trained three local research assistants (RAs), and together, we administered the 

survey questionnaire after testing it on four households. As a result of the test, some 

questions were modified. The modified questionnaire required 1.0-1.5 hours per 

respondent to administer. The RAs were requested not to apply more than four surveys 

per day in order to maintain quality. The final version of the questionnaire, consisting of 

70 questions, is available on request.   

Household annual income was estimated directly from responses to the 

questionnaire. Respondents were also asked about prices of produce and goods that were 

bought, sold and consumed. In the absence of these data for some respondents, average 

prices were calculated from other respondents in the same location. Per capita annual 
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income was calculated based on the number of members in each household. For 

subsequent analyses, households were classified as indigent, poor and non-poor 

following 1998 Chilean government definitions. Thresholds for assigning respondents to 

an income bracket class were based on the cost of a set of standardized goods considered 

as necessary to satisfy basic needs. According to government definitions (MIDEPLAN 

2000) indigence is a condition in which a family's dietary needs cannot be adequately 

satisfied even when all income is utilized to purchase food. Households are considered 

poor when their income is not enough to satisfy some non-dietary needs after purchasing 

food. Non-poor are those families with enough income to satisfy dietary and non-dietary 

needs. Family income includes “autonomous” income (such as sales of products, salaries, 

independent jobs, and pensions), remittances from migrants, and transfers from the State 

such as subsidies. The 1998 thresholds for the annual rural indigence and poverty lines 

were 175,176 Chilean pesos (Ch$) and Ch$306,552 respectively (MIDEPLAN 2000), per 

capita and per annum. As of December 30, 1998 these amounts corresponded to US$388 

and US$679. Households whose income exceeded these thresholds were classified as 

non-poor. 

To measure differential vulnerability to drought, the questionnaire contained 

questions regarding households' access to: (a) land; (b) water; (c) agricultural technology 

(i.e. improved seeds, fertilizers, fungicides, herbicides, insecticides); (d) technology 

transfer (by either public or private organizations); (e) credit for agricultural production; 

and (f) markets (i.e., where and to whom production was sold, and distance to the main 

market in the area). All of these elements can contribute to the households’ ability to 
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procure food and to distribute risk during dry years by means of adding flexibility to the 

households’ strategies therefore diminishing its vulnerability (Liverman 1994; Roncoli et 

al. 2001). Each household's livestock holdings at the end of 1998 were also recorded 

because livestock can be considered as a relatively liquid asset whose sale can help 

sustain the family during a drought (Hutchinson 1998). 

Access to other resources such as services provided by the State (i.e. education, 

health care, drinking water, electricity, sewerage), and family savings in the form of 

goods such as TV, refrigerator, and stove were computed as "non-productive resources" 

because they do not directly contribute to agricultural production. An index of 

"overcrowdedness", which is used by the Chilean government to assess public policies, 

was also computed. The index is a ratio that relates the number of family members to the 

number of rooms in the house. A household is considered excessively crowded whenever 

the ratio is equal or greater than 3 (MIDEPLAN 2000). 

As a means to measure vulnerability, Vogel (1997) argued that we use "a matrix 

of social indicators that can ultimately form a part of a vulnerability profile which 

includes class, age, gender, ethnicity on the one axis and access to resources and 

locational patterns on the other." Few studies have attempted to develop a method that 

would allow the comparison of vulnerability measurements. Finan and Nelson (2001) 

used a matrix to summarize extensive field data collected for their vulnerability-to-

drought analysis for Ceará, northeast Brazil. Their matrix combined different levels of 

income and agricultural production, and was used to classify households’ vulnerability to 

drought. A similar procedure was followed in this study to generate a matrix that 
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summarizes data by tabulating access to resources by income category (i.e. indigent, 

poor, non-poor) and by location (i.e., Los Clonquis, El Tome, El Durazno). Weights were 

also used to obtain an "access to resources" matrix of unitless values, in a similar fashion 

to Yohe and Tol (2002). Being unitless, this matrix allows comparisons between different 

measurements of vulnerability. Weights are an average value calculated from the values 

determined independently by a panel of three experts (two anthropologists and a 

geographer) and the author, who ranked each variable from 1 to 10 based on the influence 

they felt it might have in decreasing people's vulnerability. The greater the value of the 

weight, the greater was its effect in reducing vulnerability.  

Access to resources such as water for irrigation, technology, credit, health care, 

education was computed as the percentage of families who have access to these goods 

relative to the sample of families in each agricultural community.  The exceptions were 

the variables ‘land area,’ ‘greenhouse area,’ and ‘animal count,’ that were added across 

all locations into a total, and the actual figure for each location thus expressed as a 

percentage relative to the total of all samples. Then these percentages were multiplied by 

the weight. The weighted values of ‘productive’ and ‘non-productive’ resources were 

summed to form a composite index called "access to resources index" (Sen in Desai et al. 

1992). The index was divided into terciles: low, medium, and high access to resources. 

These three levels of access to resources were then combined with income categories in a 

"vulnerability matrix" that categorizes households as most, intermediate, or least 

vulnerable.  

A set of outliers composed entirely of non-poor households (i.e., 2 from Los 
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Clonquis, 8 from El Tome, and 8 from El Durazno) with annual income values above one 

standard deviation from the mean were not considered in the analysis. Data were 

analyzed utilizing Microsoft EXCEL ™ and SPSS 10.0 for Windows ™.  

(2) Governmental initiatives. Expenditures of the Regional Commission for 

Drought were reviewed to explore the effects of State emergency relief programs that 

were pursued during the 1993-97 drought. Annual reports from relevant public agencies 

were reviewed to assess existing governmental efforts. The review was complemented by 

interviews of civil servants including the Governor of the Province of Limarí, and my 

participation in a meeting of the leaders of the Agricultural Communities Association and 

the regional heads of INDAP and PRODECOP. 

INDAP is the National Institute for Agricultural and Livestock Development, and 

PRODECOP is the Rural Development Project for Agricultural Communities and Small 

Producers of Region IV. Both are parts of the Ministry of Agriculture. 

5. Results 

5.1. Population, Education, Health Care 

District census data (Table 13) showed that, except for El Tome, population decreased 

dramatically over a 22 year period. Table 13 shows percentage change between 1970 and 

1992. Family sizes in the agricultural communes tended to be smaller than averages in 

the corresponding Municipality, the province, and the country (Table 14) reflecting the 

lack of opportunities that, according to D'Andrea (1997), explains outmigration. Only in 

El Tome were there more poor and non-poor families than average due to more  
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TABLE 13. MIGRATION RATES IN SELECTED CENSUS DISTRICTS 1970-1992 

(1970=100) 

 
Los Clonquis 

Census district 
El Tome 

Census district 
El Durazno 

Census District 

1970 100.0 100.0 100.0 
1982 77.1 171.6 54.0 
1992 71.5 226.4 51.0 

Source: Based on the 1992 Population Census, National Statistics Institute 

 

employment opportunities in agriculture. However, the nearby town of El Palqui grew at 

such a high rate that both the local school and the health care center had to be remodeled 

to accommodate the increased demand (Jaime Málaga, Director of the El Palqui Health 

Care Center, personal communication, Dec. 11, 1998).  

In contrast, in districts of Los Clonquis and El Durazno the local primary schools 

suffered a steady decline in enrollment over 30 years, due to both lower fertility rates and 

outmigration (Jacqueline Sarmiento, paramedic technician, Hacienda Valdivia Health 

Care Center (located next to Los Clonquis), personal communication, Dec. 8, 1998; and 

María Inés Tello, principal of the Chalinga Primary School (located next to El Durazno), 

personal communication, Nov. 30, 1998). 

In spite of this general trend, populations within the agricultural communes were 

relatively young, with the 6-14, 15-18, and 19-25 segments being the most numerous 

(Figure 9). However, there was a general decline between the 15-18 and the 26-40 

segments possibly because people older than 25 emigrated after working for some years 

in local agriculture. Men in El Tome remained longer, possibly because of better job 

opportunities.  

There was a low rate of illiteracy (Table 15) because all three agricultural  
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TABLE 14. FAMILY CHARACTERIZATION AND PER CAPITA ANNUAL 

INCOME AT NATIONAL, REGIONAL, MUNICIPALITY AND STUDY SITES 

LEVELS 
 Indigent Non-Indigent Poor Non-Poor

National    

% 4.6 13.1 82.2

No. Households (HH) 173,902 492,132 3,076,649

Individuals (Ind.) 820,021 2,340,055 11,396,721

Ind./HH average  4.7 4.8 3.7

P.Capita Annual Income 45,783 118,305 551,457

Region IV    

% 4.9 15.2 79.9

No. Households (HH) 6,709 20,960 110,032

Individuals (Ind.) 34,100 103,432 411,332

Ind./HH average  5.1 4.9 3.7

P.Capita Annual Income 52,820 118,141 431,306

Municipality Monte Patria   

% 5.7 15.2 79.1

No. Households (HH) 429 1,133 5,908

Individuals (Ind.) 2,573 5,410 22,037

Ind./HH average  6 4.8 3.7

P.Capita Annual Income 147,364 277,680 718,796

Municipality Ovalle    

% 3.4 24.1 72.5

No. Households (HH) 722 5,199 15,617

Individuals (Ind.) 4,950 27,829 60,637

Ind./HH average  6.9 5.4 3.9

P.Capita Annual Income 157,281 283,262 1,218,593

Los Clonquis   

% 15.8 23.7 60.5

No. Households (HH) 7 10 21

Individuals (Ind.) 34 49 61

Ind./HH average  4.9 4.9 2.9

P.Capita Annual Income 117,650 224,258 483,258

 

communities had a primary school located nearby that was attended by children from 

ages 5 or 6 to 14. Beyond this age, students went to Ovalle, the capital of the province, to 

attend boarding schools for secondary education. Some segments of the population 

between 15 and 40 years old attained higher levels of education, some having reached  
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FIGURE 9. 1998 POPULATION PYRAMIDS WITHIN THE THREE STUDIED 

AGRICULTURAL COMMUNITIES (IN PERCENTAGE BY AGE BRACKET) 
Upper panel: Los Clonquis. Middle panel: El Tome. Lower panel: El Durazno. Women on right side of PANELS. 
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technical-training levels. This was especially true among men, while women of the same 

ages usually completed only secondary school. Older people (66 and higher), especially 

women, tended to have no education.  

 

TABLE 15. MOST FREQUENT EDUCATION LEVEL BY AGE, LOCATION AND 

GENDER 
 Los Clonquis El Tome El Durazno 
Age Females Males Females Males Females Males 
  0 -   5 1 1 1 1 1 1 
  6 – 14 2 2 2 2 2 2 
15 – 18 3 2/4* 3 3 3 3 
19 – 25 2 2/3* 3/2* 2/3* 2 2/3* 
26 – 40 2 2/3* 2 2/3* 2 2/3* 
41 – 65 2 2 2 2 2 2 
66 – 93 1/2* 2 2/1* 2/1* 1/2* 2 
1 = no primary education or incomplete, 2 = primary education, 3 = secondary education, 4 = higher education 
* indicates two most frequent attained educational levels 

 

Regarding health care, everyone had access to medical doctors and dentists once or twice 

per month. There were rural health centers with a nurse located near every school in all 

the studied agricultural communities. There were public hospitals in the nearby cities of 

Ovalle and La Serena that provided more specialized health treatment. Several elderly 

respondents, however, remarked that they did not need a medical doctor. Most of them 

rely more on traditional herbs and domestic techniques than formally-trained doctors.  

Almost all homes had electricity. This factor was considered by respondents as 

the only tangible sign of modernization brought to the agricultural communes over the 

preceding several decades.   

 The provision of education, health care, and electricity by the State has a bearing 
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on relative vulnerability to drought because these are resources that contribute to the 

ability to resist impacts of climatic stress. Education, and health care have been identified 

by some scholars (Liverman 1994, Yohe and Tol 2002) as having strong positive 

correlations with per capita income and in increasing the ability of groups to resist 

external stresses. Educated and healthy people will be able to incorporate and adopt new 

techniques such as utilization of fertilizers, new crop varieties, and tillage. For example, 

if seasonal climate forecasts were made available, education—especially among the most 

vulnerable groups—might facilitate the understanding of climate information and thus 

influence the families’ decision-making process to mitigate drought-related losses. 

Access to electricity is a key issue in the area because local government provided electric 

pumps to ensure irrigation in critical areas during the 1993-97 drought.  

5.2. Institutional arrangements within the agricultural COMMUNES 

Land in all agricultural communes of Coquimbo is divided into three categories: (1) 

communal rangeland (campo común) that represent the bulk of the area controlled by a 

community, and to which every member has free access and where livestock usually 

graze freely; 2) goce singular, which is a relatively small irrigated parcel that the 

commune’s board of directors, with the approval of the General Assembly, assigns 

permanently to individual right-holders; and 3) lluvia, or the rainfed parcel located within 

the campo común that is assigned to individual members on a temporary basis, which are 

used during rainy years to cultivate winter wheat (CIREN 1978). 

The Decree of Law No. 5 recognized the existence of communal lands in 1967, 
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and assigned usufruct rights to a specific number of commune members (Castro and 

Bahamondes 1986). Laws No. 18,353 of 1984 and No. 19,233 of 1993 modified the 1967 

ordinance ruling that the goce singular could be sold, thus allowing members to sell these 

parcels as private property while retaining a right to the collective agricultural commune 

(Alexis Alvarez, attorney, personal communication, Dec. 18, 1998). 

Each agricultural commune is governed by a board of directors consisting of a 

president, a secretary, and a treasurer, elected by the General Assembly. All members 

participate in the General Assembly and are entitled to vote to approve board-proposed 

initiatives like the annual budget and the distribution of land. This is especially critical 

for the lluvias because they are assigned on a temporary basis, and there is usually no 

land available to distribute as goce singular. The president of the board is in charge of 

relationships with external organizations, especially public agencies dealing with 

technology transfer and funding (CIREN 1978) such as INDAP and PRODECOP. 

The statutes of the agricultural commune enable the board of directors to set a 

limit on the number of animals one comunero can maintain in the agricultural commune. 

Some agricultural communes have set this limit at 50 goats per household, others at 80, 

but this is an arbitrary limit that has no particular rationale, ecological or otherwise. If the 

comunero exceeds this limit, he/she is supposed to be fined. Boards, however, seldom 

enforce the rule. Thus, the size of the combined herds that roam communal lands depends 

on the will of the comuneros, and since "the comuneros and the private farmers have little 

concern for the environment" (Mario Pizarro, president of INDAP's regional advisor 

committee, personal communication, Dec. 18, 1998) the technical carrying capacity can 
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be easily surpassed. The Governor of the Province of Limarí also believed that the 

ecosystem is in a very degraded condition at the time of the study.  

"In places there are only stones! The causes are recurrent droughts and the goats. 

But we cannot kill the goats. Instead we are teaching the comuneros how to have 

herds of 50 instead of 250 head, in a shed, fed with alfalfa instead of having them 

roam throughout the agricultural commune. It is the quality, and not the quantity 

that counts." (Laura Pizarro de Galleguillos, personal communication, Dec. 10, 

1998.) 

Responses of the sampled comuneros, who were asked to identify the main 

problems within their agricultural commune (Table 16), indicated that the arrangements 

for allocating resources that had been in place for so long have become problematic. The 

most frequent responses had to do with bad agricultural commune management, that 

resulted in what was perceived as unfair distribution of land, mismanagement of external 

funds, and thus the lack of equal opportunities for individuals. In the words of a 

comunero from El Tome:  

“years ago the board members and their friends decided to assign themselves the 

irrigated parcels, thus leaving the rest of us who live farther [away] uninformed 

and with no good land to cultivate. When we realized what was going on, it was 

too late because the titles had been legalized.”  

Even the casual observer could notice that almost everywhere in the area, on both 

private and communal lands, the natural vegetation was almost exhausted, and soil 

erosion was extensive. However, were the comuneros the only ones to be blamed for the  
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TABLE 16. MOST FREQUENT PROBLEMS WITHIN COMUNIDADES 

AGRÍCOLAS AS REPORTED BY SURVEY RESPONDENTS, BY INCOME LEVEL 

AND LOCATION (PERCENTAGES IN PARENTHESIS) 
Ag. Communes Income Level Most Frequent Problem Second Most Frequent Problem  
Los Clonquis Indigent No problem (85.7) Does not know/No response (100) 
  Restrictions to communal land utilization (14.3)  
 Poor  Lack of water (30) No problem (30) 
  None (20) Lack of property rights (10) 
  Lack of property rights (20) Lack of participation (10) 
  Members won´t share land with homeless (10) Lack of feed (10) 
  Unfair distribution of land (10) Low prices for ag production (10) 
  Does not know/No response (10) Does not know/No response (30) 
 Non-poor No problem (52.4) None (57.1) 
  Lack of water (14.3) Unfair distribution of land (4.8) 
  Unfair distribution of land (4.8) Members won´t give land to landless (4.8) 
  Lack of heirs (4.8) Lack of opportunities (4.8) 
  Opposition to goat grazing (4.8) Does not know/No response (85.6) 
  Lack of cropsoil (4.8)  
  Mismanagement of goat herds (4.8)  
  Road cuts (4.8)  
  Does not know/No response (4.5)  
    
El Tome Indigent No problem (33.3) No problem (33.3) 
  Unfair distribution of land (33.3) Poor quality of life (33.3) 
  Road cuts (33.3) Does not know/No response (33.3) 
 Poor Unfair distribution of land (30) No problem (60) 
  Road cuts (30) Bad management by board (10) 
  Drought (20) Lack of cropsoil (10) 
  Misutilization of external funds (10) Lack of opportunities (10) 
  Lack of participation (10) Poor quality of life (10) 
 Non-poor Unfair distribution of land (26.3) None (89.5) 
  Bad management of CA (15.8) Lack of water (10.6) 
  Drought (10.5)  
  Lack of participation (10.5)  
  Lack of water (10.5)  
  Lack of feed (5.3)  
  Low prices for ag. Products (5.3)  
  Lack of electricity (5.3)  
  Road cuts (5.3)  
  Poor quality of life (5.3)  
    
El Durazno Indigent Lack of water (50) No problem (70) 
  Drought (20) Lack of heirs (10) 
  No problem (10) Lack of water (10) 
  Bad management by board (10) Does not know/No response (10) 
  Poor quality of life (10)  
 Poor Drought (36.4) No problem (72.7) 
  Lack of water (36.4) President favors friends (9.1) 
  Poor quality of life (18.2) Poor quality of life (9.1) 
  Does not know/No response (9.0) Does not know/No response (9.1) 
 Non-poor Drought (45.5) No problem (45.5) 
  No problem (18.2) Lack of water (27.3) 
  Misutilization of external funds (9.1) Lack of heirs (9.1) 
  Lack of participation (9.1) Lack of feed (9.1) 
  Lack of water (9.1) Does not know/No response (9) 
  Does not know/No response (9)  

 
 

poor condition of the land? According to the leaders of the Agricultural Commune 

Federation, the State of Chile could be held responsible for the comuneros’ 
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mismanagement of their herds and land due to the lack of a specific policy for the 

agricultural communes. They believed that there was a strong need for training, but there 

had only been orientations regarding goat herding. Without adequate training, the 

comuneros could only continue to herd and crop the way they learned from their parents, 

increasing deforestation and soil erosion. The comuneros claimed they would have been 

able to change if they had the knowledge and financial resources to do so. Up to the time 

of the study (1998), training courses had been limited to people younger than 25 years old 

(opinions voiced during a meeting with INDAP’s and PRODECOP’s regional and 

provincial representatives, Dec. 18, 1998). 

In El Durazno several respondents indicated that the president had directly 

benefited from public funds that had been transferred to the agricultural commune board 

by the provincial government to invest in a goat-milk processing plant that was never 

built. Thus, many members decided not to participate in general assembly meetings 

where these issues are discussed. From the standpoint of one president, the problem was 

that many members were old and illiterate, and could hardly understand the content of the 

initiatives that need to be considered (Archibaldo Vega, President of the Board of the 

Agricultural Commune El Espinal de Chalinga, personal communication, Dec. 4, 1998) 

 The respondents in Los Clonquis and El Durazno singled out another aspect of 

management that had to do with their inability to deal with multiple heirs. The previously 

mentioned laws prohibited the right to partition communal lands in an attempt to limit 

both the population and over-exploitation of the resource-base. Thus, only one member of 

the family was entitled to inherit the rights, forcing siblings to emigrate. Some 
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agricultural communes have granted siblings a small parcel to build their homes, but in 

places like Los Clonquis the general assembly had denied this option, thereby creating 

some tension.  

The comuneros alone could not be held responsible for the state of the campo 

común: the institutions, lack of accountability of the boards, limited access to credit, 

subsidies and inadequate transfer of rights, all contributed to their inability to change 

their culture. Though difficult to measure, these factors also affected residents who were 

non-members but who also used communal agricultural commune resources. All these 

factors contributed to an asymmetrical increase in vulnerability to drought within a given 

agricultural commune, leaving some comuneros with few options to cope with drought 

and forcing them to depend more heavily upon off-farm activities.  

 

5.3. Income Generating Activities  

Because cultivation of lluvias had been almost completely abandoned, the type of 

agriculture developed in the agricultural communes of the Limarí River basin was based 

mostly on irrigation (Table 17). Most of the respondents in Los Clonquis and El Tome 

had not cultivated their lluvias since 1985 due to low yields, and the high risk of drought 

after sowing in May. In El Durazno, only 12 households used them in 1997, an El Niño 

(i.e. rainy) year. The families that derived a significant proportion of their income from 

agricultural activities were the non-poor families in Los Clonquis and in El Durazno, and 

all families in El Tome.  
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TABLE 17. RELATIVE DISTRIBUTION OF INCOME GENERATING ACTIVITIES 

BY HOUSEHOLDS, INCOME LEVEL AND LOCATION (IN PERCENTAGE) 
Location Income 

level Produce Animals 
On-farm 

job Pensions Remittances 
Off-farm 

Job 
 

 % N % TI % N % TI % N % TI % N % TI % N % TI % N 
% 
TI 

Los 
Clonquis Indigent 0.0 0.0 14.0 42.8 0.0 0.0 0.0 0.0 0.0 0.0 86.0 57.2 
 Poor 0.0 0.0 30.0 2.0 10.0 26.4 10.0 15.9 10.0 22.0 100.0 33.7 
 Non-poor 14.0 24.7 19.0 5.3 10.0 27.8 57.0 14.5 10.0 9.6 48.0 18.3 
El Tome Indigent 33.0 11.3 0.0 0.0 0.0 0.0 33.0 35.0 0.0 0.0 67.0 53.7 
 Poor 50.0 20.8 0.0 0.0 0.0 0.0 50.0 30.1 0.0 0.0 80.0 49.0 
 Non-poor 63.0 21.2 5.0 1.5 11.0 29.7 53.0 20.4 0.0 0.0 58.0 27.2 
El 
Durazno Indigent 10.0 4.7 50.0 7.1 0.0 0.0 20.0 33.3 10.0 7.7 60.0 47.1 
 Poor 18.0 3.1 45.0 21.7 0.0 0.0 36.0 19.4 18.0 16.6 55.0 39.2 
 Non-poor 27.0 14.7 27.0 3.6 18.0 13.3 18.0 11.8 36.0 16.2 64.0 40.4 
N: Simple size, TI: Total Income 

 

Animal husbandry represented an important source of income for only the 

indigent families in Los Clonquis and the poor in El Durazno even though a high 

proportion of all three categories of families in both agricultural communes were engaged 

in this activity. This was a reflection of the low economic return that households derived 

from this activity during 1998. Goats constituted 68 percent of livestock raised by 

families in the studied agricultural commune, and they maintained a small number of 

them at the end of 1998. According to survey responses, the 1998 drought forced these 

households to sell part of their stock, and prevented them from producing cheese.  

There were very limited options for wage labor within the agricultural communes, 

and few families were involved. Wage labor (listed as on-farm jobs in Table 17) 

corresponds to temporary employment provided by agricultural commune members for 
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their own or other families. These activities were mostly confined to goat herding for 

children and some types of agricultural labor for adults. This was the case especially on 

Los Clonquis and the non-poor families in El Tome and El Durazno, where a few 

members employ others in their family to look after their crops. In some very limited 

occasions non-poor families in these two locations hired one or two non-family workers, 

but only for a few days.  

Data show that families in all three locations received very little help from 

emigrant relatives: remittances were a negligible part of income except for the poor on 

Los Clonquis and El Durazno and the non-poor on El Durazno. This notion contradicts 

previous findings by scholars working in agricultural communes in the Choapa River 

valley, the southernmost within the Region of Coquimbo. They suggested that the 

agricultural communes were characterized by a kinship system, with considerable 

solidarity among family members and among households (Castro and Bahamondes, 

personal communication, May 2000). This notion did not apply to this study-area. 

 Moreover, many respondents in different locations stressed the fact that commune 

members tended to be highly individualistic and did not care about their neighbors, while 

those who migrated forgot about relatives left behind. Even the Governor of the province 

stated that she believed that the communal arrangement was not appropriate: the 

comuneros were individualistic, selfish, and pessimistic people (personal communication, 

Dec. 10, 1998). This has strong implications for vulnerability because in times of 

hardship, vulnerable families could not count on social networks within and beyond the 

agricultural commune to help them cope with stress. The lack of a strong social network 
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encouraged more family members to migrate. 

By and large, off-farm jobs and pensions made up the bulk of family income 

during 1998 when most families were employed in the private sector. In each of the three 

study locations there was at least one private company engaged in the fresh fruit or wine 

exporting businesses which provided year-round employment and transportation for some 

family-members. During the harvest season these businesses typically provided 

employment for the entire family, especially for those in the vicinity of El Tome.  

Figure 10 summarizes the proportion of total income that families managed to 

obtain directly from on-farm activities (i.e. agricultural and livestock sales, on-farm 

employment) as compared to off-farm activities. The on-farm/off-farm proportion varied 

according to the income level at each location. With the exception of the indigents in Los 

Clonquis, the lower the family income bracket the more dependent the family was on off-

farm income (i.e., wage labor). This is important in terms of understanding the 

households’ vulnerability to drought: the poorer the family, the more dependent they 

were on off-commune resources because of the meager resources to which they had 

access (i.e., less quantity and/or quality of land, less or no irrigation water). This was a 

consequence of the institutional constraints that generated differential access to resources 

for households. From another standpoint, this opens the question of whether the private 

landowners and corporations could have improved their ability to cope with long-term 

droughts. Perhaps more important, did reliance on commercial agriculture make the 

entire population more or less vulnerable? What could have happened had the 1997 late-

season rains not occurred?  
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As mentioned above, the provincial economy depended greatly upon commercial 

agriculture oriented to foreign markets. At the time of the study, large national and 

international companies owned a large portion of the fruit-producing irrigated land. A 

long-term drought could affect these companies because they might not be able to obtain 

enough water to satisfy their needs. This situation could then extend to the more 

vulnerable comuneros since they tended to rely on wages provided by these companies. 

Similarly, the international market could also contribute to shaping the 

vulnerability of the local economy. At the time of the study, Chile was the largest fresh 

fruit supplier in the Southern Hemisphere, but international competition and unexpected 

trade barriers could undermine prices and access to international markets. In these 

circumstances, foreign investors would withdraw investment and move to more profitable 

areas. 

5.4. Access to Resources 

5.4.1. Land 

In each of the three agricultural communes, those who owned land had, on average, plots 

of similar sizes with those in Los Clonquis being the smallest (Table 18). There were, 

however, high percentages of landless households in Los Clonquis and El Tome. With 

the amendments to the law, many comuneros decided to sell their irrigated parcel—

mostly during the early 1980s—taking advantage of the high prices that private investors 

were paying for land. At that time there was a frantic expansion of private investment in 

export-oriented agriculture. Due to their lack of negotiating experience, their age, their  
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FIGURE 10. DISTRIBUTION OF ON- AND OFF-FARM INCOME GENERATING 

ACTIVITIES BY INCOME LEVEL AND LOCATION (IN PERCENTAGE) 
 

illiteracy, or their anxiety to close a quick deal, the prices the comuneros obtained for 

their land were usually low relative to the market for transactions among private parties. 

Thus, these comuneros enjoyed a short-lived prosperity after which they had to 

increasingly depend on wage labor (Mirta Gallardo, president of the Province of Limarí 

Agricultural Commune Association, personal communication, Dec. 18, 1998). An 

anonymous former comunero described with sad eyes how happy he felt when he was 

paid an unprecedented amount of money by a private investor for his fertile parcel 

located in the Guatulame River valley. He rushed to buy a pick-up truck and goods for 

his family, believing that from then on he would never work again under the scorching 

sun. It did not take long for him to realize, alas, that without any other income his fate 

was tied to agriculture, but now as a low-wage earner. The ways in which the boards  
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TABLE 18. ACCESS TO PRODUCTIVE RESOURCES BY LOCATION AND 

INCOME BRACKET (IN PERCENTAGE, UNLESS OTHERWISE INDICATED) 
   Los Clonquis El Tome El Durazno 
Productive Resources  Ind Poor N-p Ind Poor N-p Ind Poor N-p Weight 
Land Average size (Sq. m) 760 1,033 780 8,333 13,611 10,973 20,094 20,600 23,791 10 
 %  without land 71 40 52 0 30 21 10 0 0  
Water %  HH with Irrig.Water 14 50 47 33 70 79 36 60 64 10 
 %  without water 86 50 53 66 30 21 64 40 36  
Technology Irrigation Drip 00 10 0 33 40 58 0 0 0 5 
  Sprinklers 0 0 0 0 0 0 0 10 0 3 
  Furrow 14 40 47 66 30 21 36 50 64 2 
 Fertilizer  0 10 24 66 70 68 20 55 27 4 
 Insecticides 0 0 24 66 60 58 20 60 27 3 
 Herbicides 0 0 19 33 40 58 20 9 0 1 
 Fungicides 0 20 19 66 50 63 20 27 27 2 
 Seeds Own  0 0 18 0 40 32 10 9 18 2 
  A friend’s 0 0 0 0 10 0 10 0 18 2 
  Improved 0 0 18 66 20 42 16 27 0 4 
  Not Improved 0 0 0 0 0 5 0 27 0 3 
 Greenhouses Ave. size (Sq. m) 0 0 0 550 1,867 2,550 0 0 0 7 
Ag. Credit Bank  0 0 5 0 0 0 30 27 0 5 
 INDAP  0 10 0 0 30 63 0 0 18 6 
 Input Supplier/Urban Store 0 0 0 0 0 5 0 0 0 4 
 No access 100 90 95 100 70 32 70 73 82  
Tech Transfer Public agency 0 0 5 0 30 37 30 18 9 8 
 Veterinarian 0 0 5 0 0 0 0 45 0 5 
 Agronomist 0 0 0 0 0 0 0 0 0 5 
 Pisco manuf. 0 0 9 0 0 11 0 0 0 3 
Buyer Pisco manuf. 0 0 14 0 10 11 0 0 0 8 
 At farm gate 14 10 14 0 10 11 10 18 0 4 
 Feria Ovalle 0 0 10 33 0 11 30 45 45 5 
 Merchant in El Palqui 0 0 0 33 20 11 0 0 0 5 
 Coop in CA 0 0 0 33 20 26 0 0 0 6 
Distance to market (units) 33 33 33 100 100 100 50 50 50 5 
Animal Stock  (Count)   
 Burros  2 0 8 0 0 0 3 4 0 2 
 Cattle  0 1 10 0 0 0 21 6 12 6 
 Goats  51 26 482 70 220 15 284 367 132 5 
 Hogs  0 3 15 0 0 0 2 1 0 5 
 Horses  1 2 21 0 2 3 26 15 12 3 
 Poultry  4 26 167 0 18 49 89 62 119 4 
 Sheep  0 0 0 0 0 0 6 18 10 5 

 
 

distributed land also helps to explain the high number of landless families, especially 

among the indigents of Los Clonquis.  

5.4.2. Water 

Water was distributed within an agricultural community according to custom, with no 

regulatory mechanism for administrating this resource (Alamiro Campusano, member of 

the board of El Durazno, personal communication, Dec. 4, 1998). The public agency that  
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TABLE 19. ACCESS TO NON-PRODUCTIVE RESOURCES BY LOCATION AND 

INCOME BRACKET (IN PERCENTAGE, UNLESS OTHERWISE INDICATED) 
   Los Clonquis El Tome El Durazno  

Non-productive Resources  Ind Poor N-p Ind Poor N-p Ind Poor N-p Weight 

Education   % above primary school 57 60 28 66 70 53 50 45 18 10 

Health Doctor Permanent, near HH 0 70 38 0 20 32 0 9 0 10 

   Every other week 14 0 48 0 50 53 0 0 0 8 

   Once a month 71 0 0 100 30 11 90 82 91 5 

  No access 0 0 0 0 0 0 10 9 9  

  “no need” 14 30 14 0 0 0 0 0 0  

 Dentist Permanent, near HH 0 0 0 0 0 5 0 9 0 8 

  Every other week 14 0 0 0 0 5 0 0 100 6 

  Once a month 71 70 48 100 100 89 0 0 0 4 

  no access 0 0 10 0 0 0 100 91 0  

 Nurse permanent, near HH 71 60 52 100 100 37 90 82 100 7 

  once a month 0 0 0 0 0 0 10 18 0 5 

  permanent, in Ovalle 0 0 0 33 50 0 0 0 0 4 

  no access 14 0 10 0 0 0 0 0 0  

Drinking By origin Deep well 0 10 5 0 0 0 20 18 0 6 

Water  Pipeline 29 20 29 66 20 58 0 0 9 8 

  Municipal truck 57 50 52 0 0 0 70 73 64 3 

  Spring 14 10 10 0 30 21 10 9 18 4 

  River  0 0 5 0 0 0 0 0 9 1 

  Canal 0 0 0 0 10 16 0 0 0 1 

  unspecified origin 0 0 0 33 10 0 0 0 0  

Sewage Open field 0 10 0 0 0 0 0 0 9 1 

 Outhouse  86 80 76 66 90 84 80 91 82 3 

 WC with water 14 10 24 33 0 11 20 9 9 6 

Ratio OC Φ % below 3  29 50 81 67 89 90 80 86 90 8 

HH goods Bicycle  14 50 19 33 0 5 60 55 36 4 

 Car/truck  0 0 19 66 20 42 0 9 9 6 

 Heater  100 100 95 100 100 100 70 91 55 2 

 Radio  100 80 90 100 80 79 90 100 91 3 

 Refrigerator 57 50 52 66 50 58 50 45 36 3 

 Stove  71 90 71 66 60 79 100 100 100 4 

 Telephone 29 40 57 100 100 100 30 36 18 2 

 TV  71 70 76 66 50 79 80 73 91 4 

Electricity     86 80 95 66 60 84 80 91 82 8 

Cons. Credit Bank  0 0 5 0 0 0 0 0 0 6 

 Urban store 43 40 19 30 50 37 10 0 0 5 

 Traveller trader 0 0 5 0 0 0 10 9 0 3 

 No access 57 60 71 66 50 58 80 91 100  

 

regulated water utilization in Chile was the General Directorate of Water (DGA). 
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According to its provincial director, Mr. Iván Jacob, many of the agricultural communes 

depended on water from minor water courses and springs that were considered to have 

"de facto" rights recognized by the DGA that might be formalized eventually. The 

amount of water a specific agricultural commune might acquire depended on its location. 

For example, El Tome possessed rights to water impounded by the relatively small 

Cogotí dam. During intense droughts they were allowed to pump from the adjacent 

riverbed, provided the members had the financial resources to drill and operate a well. 

Others, like El Durazno were in a more tenuous situation because this coastal area 

depended on a small river (the Punitaqui), springs, and smaller water courses (Iván Jacob, 

personal communication, Dec. 9, 1998). Los Clonquis was in a relatively more 

advantageous position because its location near the Andes Mountains ensured a 

permanent supply of surface water.  

Respondents' testimonies revealed that water was not made available to everyone 

in the agricultural commune. There were high percentages of commune members who 

did not have water. The reasons for this were the same internal distribution problems 

affecting the landless. As one comunero pointed out "only those who are friends with the 

Board of Directors benefit with land and water. To those like myself who have remote 

parcels, they never give us anything, not even water!"  

The number of waterless households in El Durazno may be over-represented in 

the data in Tables 19 because at the time of the survey the main canal was not functioning 

due to damage form a mid-1997 earthquake. The comuneros had to install an electric 

pump that did not have the capacity to supply all parcels. During normal times, though, 
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some parcels located above the canal level do not receive water, and were used to keep 

animals because they had never been irrigated.  

5.4.3. Other Resources 

Utilization of resources such as technology for agricultural production, and access to 

markets varied among locations. Some households in El Tome were relatively well 

endowed with land and water, and had a favorable microclimate allowing production of 

high-value crops in plastic greenhouses.  

Some comuneros in El Tome enjoyed different marketing options: farmers could 

enter the market early in the season and thus enjoyed high prices for their products. 

Moreover, they had an array of marketing options so they could choose to sell their 

produce either at the farm gate, the nearby village El Palqui, or at the market in Ovalle. A 

group of growers in this agricultural commune, with the financial aid from INDAP, 

created a cooperative aimed at improving commercialization of their products. In 

contrast, the majority of those in Los Clonquis and El Durazno could only sell their 

products at the municipal market in Ovalle, which was usually oversupplied with 

agricultural goods produced throughout the province.  

From field observations during this study, it can be stated that the living standard 

in El Tome was, by all measures, much higher than the other study locations. Cars and 

pick-up trucks were seen parked near brick houses, and a myriad of trucks were loaded 

with cases of recently harvested products. Producers here showed higher percentages of 

utilization of technologies such as insecticides and fertilizers. Despite all these 

advantages, there were few comuneros who had access to credit for agriculture. INDAP, 
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which is the agency in charge of providing financial and technical aid to all small farmers 

in the country, only assists the non-poor households and a few of the poor in this location. 

Very few families in the other two locations received credit assistance from the agency 

because most of them did not have title to their land, or an individual member who 

owned just a few square meters which were not considered enough to serve as collateral. 

The Regional Director of INDAP, Roberto Camargo stated that this agency did not try to 

reach the poorest in the agricultural communes because he believed their repayment rates 

were low (personal communication, Dec. 18, 1998). Hence, it was poverty and lack of 

resources available to some agricultural commune members that prevented them from 

obtaining credit from public agencies, thus continuing their long history of deprivation 

and vulnerability (Reilly and Schimmelpfennig 1999).  

Technology transfer offered by public agencies seldom reached the agricultural 

communes. In the words of one comunero,  

"attempts to change the ways in which we manage our goat herds have existed 

since the early 1960s. Two years ago we were made partners in a newly created 

cooperative in Ovalle that would buy our milk. We saw lots of employees driving 

their pick-ups, but about the project we never heard a word. What about 

reforestation programs? Some agricultural communes have, others do not. Why? 

Because some have friends in the agencies that favor them" (Juan Salgado, El 

Durazno, Dec. 7, 1998). 

Respondents in all three locations complained about the technicians from the 

public agencies not caring about the comuneros’ needs. INDAP is oriented to low-income 
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individual farmers, and PRODECOP’s limited budget prevents them from assisting all 

the comuneros. These agencies have had some involvement in the past especially in 

reforestation programs together with CONAF, the forest service, but to a very limited 

extent.  

The inability of government agencies to provide equal access to credit and 

technology transfer meant that the chances for some families to move from their 

vulnerable state to something more secure was unlikely. 

 

5.4.4. Non-productive resources 

This set of variables was labeled ‘non-productive’ because they do not relate directly to 

production by individuals in the agricultural communes and included services provided 

by the State such as education and health care.  

Poor and indigent families expect education to be a tool to improve their heirs 

access to resources. According to Schultz’ (1956) perspective, this should not be 

surprising because poor people are extremely competent in obtaining benefits from their 

limited resources, and are greatly concerned with improving their children’s future 

through education.  

Increasing access to drinking water represents a major challenge for local 

governments. Some non-poor and indigent families in El Tome obtained their water 

directly from an irrigation canal, while most of the population in Los Clonquis and El 

Durazno depended on the year-round weekly visit of a municipal truck that operated 

continuously, not only in dry years. People whose homes were connected to municipal 
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water services were found mainly in El Tome. No homes had connections to sewage 

systems, and very few homes had an indoor toilet with running water. The vast majority 

of households, including the wealthier ones, had outhouses. Some of these may have been 

installed over an irrigation canal thus increasing the risk of spreading diseases, especially 

to those families drinking water from the canals. Lack of water and sewage systems 

hindered the agricultural communes well-being because of the health risks.   

The ratio of crowdedness (i.e. 3 or more people per room) has been used as a 

proxy for the level of poverty (MIDEPLAN 2000). This relationship could be appreciated 

in Los Clonquis where only 19 percent of the non-poor families lived in crowded 

conditions, while 71 percent of the indigent families did. In all locations, the indigent 

segments tended to live in overcrowded conditions. 

Household goods such as TVs, refrigerators and the like were homogeneously 

distributed across all groups. There were major differences, however, in the availability 

of other goods such as means of transportation. Some people in wealthier El Tome 

possessed a car or a pick-up truck, while in Los Clonquis and El Durazno the most 

common vehicle was the bicycle. None of the respondents singled out the need to sell any 

of these goods during dry years, as happened in some other drought-prone areas in the 

continent (Finan and Nelson 2001).  

Families had little access to credit for consumption, except in some stores in the 

city of Ovalle, where the interest rates were usually highest. This might have had a 

potential negative impact on households’ coping ability but, according to survey 

responses, food supply had not been critical for families during droughts because they 
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were able to survive on their off-farm salaries and pensions. Moreover, even if some 

respondents reported dietary changes during dry spells, the general sense was that the 

situation was never so bad as to cause the families to suffer from malnutrition, let alone 

famine. Quite the contrary, the interviewed health care center director and the school 

principal both mentioned that malnutrition problems at the time were not associated with 

lack of food, but obesity associated with excessive intake of carbohydrates in the family’s 

diet. This included high rates of consumption of bread, pasta, rice, potatoes, and sugar. 

Most of the respondents who engaged in vegetable production indicated that the 

household’s consumption of vegetables was negligible, substantiating this assertion. 

 

5.5. Access to Resources Index 

All ‘productive’ resources as depicted in Table 18 were added vertically by income level 

and location, as was done for ‘non-productive’ resources, to form a composite "access to 

resources index" (Figure 11). Access to non-productive resources was fairly uniform 

across all locations and income categories. In this sense, the Chilean State had been 

highly effective in providing a network of services that satisfied the basic needs of the 

rural population. It was access to productive resources that made the greatest difference 

among households. In this respect, El Tome appeared to have the best overall condition 

relative to the two other agricultural communes but had high levels of internal inequality: 

there was a sharp contrast in the accessibility to productive resources between the non-

poor and indigent families, due to the differential availability of water for irrigation, of  
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FIGURE 11. ACCESS TO RESOURCES INDEX BY INCOME LEVEL AND 

LOCATION 
 

greenhouses, and access to credit, technology, and marketing options. El Durazno was in 

an intermediate situation, in which access to productive resources was similar among the 

three income levels. At the time, El Durazno had distributed land evenly among its 

members so there were almost no landless households, and the proportion of waterless 

parcels was relatively small except among the indigent households. In this sense, El 

Durazno was the most equitable of the agricultural commune studied here. Los Clonquis 

presented the larger challenge for subsistence in general terms especially during dry 

years. Figure 11 shows that even the wealthier segment of Los Clonquis was in worse 

condition than the indigents of El Tome because productive resources in Los Clonquis 

were so scarce and distribution of resources so inequitable.  

Farmers in El Durazno grew potatoes, maize, and alfalfa. The alfalfa was grown 
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by a group of poor comuneros who had recently started a collaborative project to improve 

the outcome of their goat business. Hence, their access to resources index appears higher 

than that of the wealthier group, but their income level was lower because the project was 

just starting at the time of this survey.  

 

5.6. Vulnerability Matrix 

In order to assess differential vulnerability to drought, data were combined in a 

Vulnerability Matrix (Table 20) depicting access to productive and non-productive 

resources on the one axis, and income level on the other. The matrix allows an arbitrary 

classification of the families (Finan and Nelson 2001). Table 20 shows a bi-modal pattern 

of vulnerability because there were two main clusters of households. 26 percent of the  

 

TABLE 20. VULNERABILITY MATRIX: NUMBER OF HOUSELDS PER 

CATEGORY 

Annual Per Capita Income from Agriculture, Livestock, Salaries, Pensions, 
and Remittances (Chilean Pesos)  

 ≤$175,176 
$175,177-
$306,552 

> $306,552 

Low AC1: 7 AC1: 10 
 

 

Medium 
 

AC3: 10 
 

AC1: 21 
AC3: 11 

Access to 
Resources 

Index 
High AC2: 3 

AC2: 10  
AC3: 11 

AC2: 19 

AC1: Los Clonquis; AC2: El Tome; AC3: El Durazno 
Dark gray: most vulnerable - 26 percent of households 
Light gray: least vulnerable - 70.5 percent of households 
No shading: intermediate level of vulnerability - 3 percent 
Empty cells: n/a for given income range  
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sample fell into the most vulnerable class, which contains indigent and poor families with 

low and medium access to resources, while the least vulnerable group includes 70.5 

percent of the families, and contains poor and non-poor families with medium and high 

access to resources. Only 3 percent of the households were categorized in the 

intermediate level and it contains the three indigent families of El Tome, who had 

relatively high access to resources.  

The most vulnerable families were those with restricted access to land and water, 

who owned few animals, or who depended almost entirely on off-farm employment 

provided by private, more capitalized farming systems. As shown in Table 20, this group 

of families also had the fewest sources of income, which made them highly vulnerable to 

long-term droughts. Their ability to cope with droughts was tied to the fate of the nearby 

private systems which, in turn, depended on factors such as international market prices 

and the availability of water during long-term droughts. This meant that the most 

vulnerable families could not cope independently and would have generally required 

inputs generated outside the resources controlled by the family to survive, unless they 

emigrated or were able to depend completely on the State safety network. 

5.7. Characterization of Vulnerable Households 

Data corresponding to high and low vulnerability households as classified in the 

vulnerability matrix were re-analyzed using a reduced number of variables in an attempt 

to identify which elements determine their relative vulnerability (Downing and Baker 

2000) to drought (Table 21). This analysis, which includes 99 of the 102 sampled  
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TABLE 21. HOUSEHOLDS’ ACCESS TO SELECTED RESOURCES BY 

VULNERABILITY LEVEL (IN PERCENTAGE UNLESS OTHERWISE INDICATED) 

 
High 
n=27 

Low 
n=72 

Education § 20.0 17.9 
Dietary Changes 44.0 44.9 
Gender of HHH ¥   

Female 11.1 27.8 
                   Male 88.9 72.2 
Education of HHH   

Females   
None 33.3 30 

Primary 66.6 70 
Secondary 0.0 0.0 

                  Males   
None 16.7 21.2 

Primary 79.2 65.4 
Secondary 4.2 11.5 

Higher 0.0 1.9 
Size of Goce Singular (sq 
m) 6,634 11,443 
Size of greenhouse (sq 
m) 0.0 2,314 
Irrigation System   

None 59.7 35.1 
Furrow 36.5 38.9 

Drip 3.8 22.2 
Sprinklers 0 3.8 

Fertilizers 11.1 47.2 
Insecticides 7.4 44.4 
Herbicides 7.4 44.4 
Fungicides 14.8 37.5 
Improved Seeds   

None 81.5 50 
Own Seeds 3.7 19.4 
A Friend's 3.7 1.4 
Improved 11.1 25.0 

Bought, Not Improved 0.0 4.2 
Goats (Count) 361 1,216 
¥ Head of Household 
§ Percentage of household members older than age of 15 with education beyond primary school 
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households, revealed some differences from the analysis considering income levels and 

location. 

The main differences were a high incidence of family members older than 15 

years of age without education beyond primary school, and also dietary changes during 

droughts. A high of 44 percent of families in both groups ate less during the 1998 

drought. This applied for the entire family because, based on their responses, all family 

members ate the same number of daily meals, which contained the same ingredients for 

everyone in the household. However, family members below the age of 15 who attended 

school always received breakfast and lunch during weekdays, provided by the State. It 

was certainly a significant aid for the poor and the vulnerable households.  

 Female-headed households were few but more frequent in the low vulnerability group 

than the male-headed ones. This concurred with opinions of female respondents who 

considered women to be more conscientious in providing for their families. Female-

headed households had the same access to productive resources as the rest of the sample, 

but respondents in the low vulnerability group pointed out that their concern for the 

family fate prompted them to have as many family members as possible employed in 

nearby private farms. For example, one of these families consisted of eight adult women, 

all of whom enjoyed year-round jobs and contributed their wages to the well-being of the 

household. By contrast, in several male-headed households the housewife, as well as one 

or more daughters, remained at home even while living in poor conditions and forgoing 

access to nearby off-farm jobs.  

Access to productive resources such as land, irrigation water, and technology (i.e., 
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greenhouses, mechanized irrigation systems, insecticides, fertilizers, fungicides, 

improved seed) was different for both groups, and was lower for the more vulnerable 

group. This group had plots of land that were almost half the size of those less vulnerable, 

no greenhouses, and almost 60 percent had no water for irrigation. Regarding technology, 

there was almost no use of mechanized irrigation systems (i.e., drip irrigation, sprinklers), 

while chemical inputs and improved seed were used at low rates. At the same time, the 

goat stock at the end of 1998 was three times smaller than the less vulnerable group.  

Families in the more vulnerable group derived their income (Table 22) primarily 

from (a) off-farm employment, an activity that engaged 81.5 percent of the families in 

this category, (b) pensions, and (c) remittances. All three income-generating activities are 

based on resources that were external to the communes as they were provided by private 

entrepreneurs, the State, and migrant relatives. Pensions were not, however, a significant 

source of income for the more vulnerable families, probably due to the fact, as several 

older respondents pointed out, that they had never contributed to pension funds when 

they were employed. 

 

TABLE 22. PERCENTAGE OF HOUSEHOLDS DERIVING INCOME FROM 

DIFFERENT SOURCES ACCORDING TO VULNERABILITY LEVEL  

Produce Livestock On-farm Jobs Pensions Remittances Off-farm Job Vul. 
level % N % TI % N % TI % N % TI % N % TI % N % TI % N % TI 
High 3.7 2.9 33.3 5.0 3.7 28.2 11.1 19.3 7.4 14.1 81.5 30.4 
Low 34.7 22.1 22.2 8.6 22.2 12.0 45.8 20.5 37.5 4.7 58.3 32.2 
N: sampled population, TI: Total Income  

 

By contrast, among the less vulnerable group, only a (comparatively low) 58.3 
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percent of the families obtained 32 percent of their income from off-farm jobs, as 

opposed to 81.5 percent of families of the more vulnerable group. The less vulnerable 

group relied more on agricultural production obtained from their own resources, 

especially produce. Pensions represented about 20 percent of the total income for both 

groups, but more of the less vulnerable families (45.8 percent) depended on pensions as 

compared to 11.1 percent in the more vulnerable group.  

Livestock generated low levels of income for both groups, because 33.3 and 22.2 

percent of families within the more and less vulnerable groups, respectively, obtained 

only 5 to 8 percent of their income (including their own consumption) through the sale of 

animals or their by-products (e.g., goat cheese). 

These figures support the idea that the more vulnerable families commanded 

relatively fewer productive resources, and depended to a high extent on off-farm jobs, 

independent of location and income level. Pensions were not, as one could expect, a 

significant source of income.  

5.8. Coping with drought    

The need to document long-term strategies developed by populations who are physically 

vulnerable to drought has been stressed by many authors. In this case study, respondents 

were asked about the decisions that families made during the drought of 1998 in order to 

sustain themselves. Table 23 shows their answers sorted by frequency and grouped by 

vulnerability level. 

 As expected, off-farm employment was the most frequent strategy in both groups  
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TABLE 23. MOST FREQUENT DROUGHT COPING STRATEGIES BY  

VULNERABILITY LEVEL (PERCENTAGE OF HOUSEHOLDS) 
HIGH 
VULNERABILITY 

INTERMEDIATE LOW VULNERABILITY 

Some seek off-farm job 
(37.0) 
Sell goats (14.8)  
Stop cultivating (11.1)  
Sell major animals (7.4) 
Seek Gov. aid (3.7) 
Use credit (3.7) 
 

All out-migrate (33.3) 
Dig wells (33.3) 
Deepen wells (33.3) 
 

Some seek off-farm job 
(14.1) 
All out-migrate (14.1) 
Dig wells (7.0) 
Cultivate less surface area 
(7.0) 
Sell goats (7.0) 
Move animals out (7.0) 
Buy water pump (5.8) 
Stop cultivating (2.8) 
Use credit (2.8) 

Not affected (11.1) Not affected (0) Not affected (22.6) 
 

of families: 37 percent of the respondents of the more vulnerable group relied on these 

jobs, as compared to a comparatively low 14.1 percent of the less vulnerable group. For 

the more vulnerable group, the other most frequent adaptive strategies were (i) sale of 

goats, (ii) abandonment of annual crops, and (iii) sale of large animals. For the less 

vulnerable group the remaining main strategies were (i) emigration of entire family, and 

(ii) self-financed well digging, (iii) abandonment of annual crops, and (iv) moving 

animals to other pastures, or ultimately selling them. Emigration was, in this case, a 

temporary option, similar to that reported for Ceará (Finan and Nelson 2001) and does 

not reflect the ultimate stage, that is a surrendering a lifestyle and homeland, as reported 

for certain groups in Africa by Webster (1979). This less vulnerable group also developed 

a series of other strategies aimed at assuring their productive capacity that included:  

(1) well digging, sometimes supplemented with the purchase of irrigation pumps with 

their own resources,  
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(2) decrease in the cultivated area of crops such as vegetables;  

(3) use of credit from INDAP to initiate alfalfa production;  

(4) cessation of vegetables cultivation altogether; 

(5) among herders, sale of goat stock, and movement of animals out of the 

agricultural commune to rented pastures (costs about $1/goat/month, and $7/cow 

or horse/month. Flavio Castro, manager of Hacienda Valdivia, personal 

communication, Dec. 8, 1998). 

These different strategies show that the more vulnerable group had developed 

strategies that would ensure the family’s livelihood, probably increasing the seasonal 

wage supply, while the less vulnerable group used strategies that ensured the 

maintenance of their productive capacity. 

There were a number of respondents, 11.1 and 22.6 percent for the more and the 

less vulnerable group, respectively, who considered themselves as “not affected by 

droughts.” These are families who depended on pensions for their livelihoods and/or had 

small shops at home to sell basic consumer goods such as sodas, sugar, and cooking oil. 

In many of these cases, the response was that they would just wait for the drought to pass.  

There were no responses indicating other strategies such as utilization of drought-

resistant crops, change in sowing dates, tillage and other practices such as those that had 

been reported in Mexico (e.g., Eakin 2000). This suggests that research offering 

additional strategies for dealing with drought has not been undertaken nor extended to 

farmers.   
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5.9. Public Strategies During the 1994-1997 Drought 

Despite the frequency of droughts in the study-area and in Chile, there were no State 

plans that showed any long-term vision to mitigate drought impacts in the study-area or 

elsewhere in the country, except the program to build dams for irrigation. A plan to build 

three dams in the study-area was initiated during the 1940s and completed in the 1960s. 

However, no other dams were being planned in this province at the time of the study. 

(Jorge Romero, former director of Public Hydraulic Works, personal communication, 

Dec. 27, 1998.)  

There had been another initiative with shorter term goals, however. Beginning in 

the 1990s, the National Commission for Drought was created by the President after he 

declared a state of emergency. A state of emergency at the national or regional level 

allows Congress to allocate funds to those affected by some crisis. In this case, the El 

Niño event of 1997 caused heavy rainfalls, reservoirs were filled to their maximum 

capacity, and the 1993-97 drought was declared officially to have ended by the Regional 

Commission for Drought (RCD). The Commission then ceased to function. During these 

dry years, the Ministry of Agriculture, through its Agricultural Emergencies Unit, 

transferred to the RCD about Ch$4,700 million (around US$10 million) between March 

1994 and September 1997 (SEREMIA 1998). According to the Ministry, 36 percent of 

these funds were used to supply drinking water; 14.7 percent to support herders by 

distributing alfalfa seed and transporting herds out of the affected area; 33.1 percent for 

improving irrigation infrastructure, new irrigation schemes, and supporting irrigators' 

associations; 1.5 percent for new reforestation projects to supply goat feed; and 14.7 
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percent to provide the most destitute families with food. About a third of the total funds 

were given to the province of Limarí. Part of the funds were used to purchase 33 water 

pumps, 18 wind mills, and 102 water tanks all of which were given to individuals or 

groups of farmers/peasants. At the same time, the provincial government acquired 13 

tank trucks for the distribution of water (SEREMIA 1998).  

At the local level, the municipalities included in this study (i.e. Ovalle and Monte 

Patria) received around Ch$510,000 each (Table 24) which was used primarily to 

improve the drinking water supply system (e.g., well cleaning, improvements in water 

distribution systems and storage) and to distribute drinking water. Local irrigation-related 

initiatives were mostly related to well deepening. The government also helped herders to  

TABLE 24. DROUGHT-RELATED MUNICIPAL EXPENDITURES 

 Municipality of Ovalle Municipality of Monte Patria 

 % Beneficiaries % Beneficiaries 

Drinking Water 49 12,660 37 16,743 

Livestock  6   2,247 18      883 

Irrigation 35   4,717 39   3,597 

Food  7   1,626  4   2,184 

Total Expenditures 

(US$) 

529,787  491,489  

Source: Regional Commission for Drought (1998) 

 

move their animals out of the immediate area to better pastures, especially in the 

Municipality of Monte Patria, where the bulk of the more vulnerable group lives. Only 4 

to 7 percent of the money was expended on the food aid program.  

Based on their responses, the households in the studied agricultural communes 

received little aid from the public agencies or State programs during the 1993-97 drought 
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(Table 25). In Los Clonquis, where the more vulnerable households were concentrated, 

almost no one received emergency relief. In El Tome, located in Monte Patria, the same 

municipality as Los Clonquis, 22 percent of the respondents were assisted by the 

municipality. Households in El Durazno, located within the Municipality of Ovalle, did 

better since more than half of the respondents received aid. The Office of the Governor 

(who is actually in charge of the provincial Commission for Drought) assisted 25 percent 

of the families here, and INDAP assisted 12 percent of the households. The Municipality 

of Ovalle and PRODECOP played a minor role in El Durazno.  

 

TABLE 25. PERCENTAGE OF FAMILIES RECEIVING STATE DROUGHT-RELIEF 

ASSISTANCE, BY AGRICULTURAL COMMUNITY AND DONOR 

 Los Clonquis El Tome El Durazno 

None 92.1 67.5 45.7 

Office of Governor 2.6 5.0 25.0 

Municipality 2.6 22.5 7.5 

INDAP 0.0 0.0 12.5 

PRODECOP 0.0 0.0 5.0 
 

From the vulnerability standpoint, Table 26 shows that more than 65 percent of 

families in both groups received no assistance during the last droughts.  Moreover, 

whatever little aid the people living in the studied agricultural communes received from 

different agencies, it did not target the most vulnerable group. Table 27 shows that key 

issues like drinking water and food tended to be directed more to those in less need. Due 

to the institutional constraints and the individual characteristics of the comuneros 

explained above, the comuneros tended not to cooperate with the boards. Hence, during  
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TABLE 26. PERCENTAGE OF FAMILIES RECEIVING STATE DROUGHT-RELIEF 

ASSISTANCE BY VULNERABILITY LEVEL AND DONOR 

 High Vulnerability Low Vulnerability 

None 74.1 65.7 

Office of Governor 11.1 11.4 

Municipality 7.4 12.9 

INDAP 3.7 5.7 

PRODECOP 1.0 1.4 
 

crises, only those agricultural communes that were well organized had access to aid – a 

condition that is likely to persist today. In the case of Los Clonquis, board members 

seemed aloof and not involved in the fate of their peers, and probably did not voice their 

needs to the local authority. In contrast, I found those in El Tome and El Durazno to be 

actively involved in solving community problems, despite claims that board members 

were corrupt. In this sense, even the comuneros knew that there were problems in the 

distribution of aid: in the meeting held between the comuneros Federation and the 

INDAP’s regional director (Dec. 18, 1998), a comunero complained about their lack of 

access to emergency aid. In his response, the director said that “the main problem is (lack 

of) organization, you have to win your space: organize yourselves to be able to compete, 

with quality (through training and education) and quantity (grouping and organizing 

yourselves).” The director’s words implied that the State’s limited resource availability 

resulted in only some agricultural communes receiving emergency aid. According to the 

Governor, inequalities should be expected because of Chile’s highly centralized 

government. Allocation of resources was decided firstly in Santiago, and then by 

Coquimbo’s Regional Government, which allocated aid based on population distribution.  
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TABLE 27. DISTRIBUTION OF DROUGHT AID BY PUBLIC AGENCIES AS 

REPORTED BY RESPONDENTS, BY VULNERABILITY LEVEL (PERCENTAGE 

OF HOUSEHOLDS) 

 High Vulnerability Low Vulnerability 
No Aid 74.1 65.7 
Drinking Water  3.7  7.1 
Food 7.4 14.3 
Feed 0.0  0.0 
Transportation of Stock 3.7  1.4 
Seeds 0.0  2.9 
Irrigation Improvement 0.0  1.4 
Water Pipes 3.7  1.4 
 

Hence, municipalities like Monte Patria (with fewer inhabitants) received less aid than 

Ovalle, the provincial capital. Another relevant factor was the differential political clout 

that mayors enjoyed. Some had the ability to call for press conferences that would unduly 

influence governmental decisions. Others did not. 

5.10. Other Public Responses  

At the time of the study, Chilean agricultural policy was oriented toward enhancing 

agricultural production to supply foreign markets (ODEPA 2001).  This policy did not 

take into account, necessarily, other considerations such as the long term sustainability of 

these developments, the well-being of rural populations, or the quality of the environment 

in which they lived. For example, within the study-area the PRODECOP had promoted 

the planting of small orchards of avocados and citrus. The State hired private extension 

agents, but according to the comuneros, these agents proved to be too specific instead of 

generalists, unaccountable for their technical advice, and failed to provide follow-up on 



 156 

their recommendations. These technicians advised several comuneros to plant crops (i.e., 

avocados) that were already in oversupply. This attempt to engage some comuneros in 

trading activities was also likely to fail because no attention had been paid to the creation 

of transportation or marketing options necessary to make these enterprises sustainable.  

A promising initiative for private farmers was crop insurance against severe 

weather (drought, excessive rainfall, frost, hail, snow, and damaging wind). It was 

implemented for the first time in Chile in September 2000, and is now required for those 

applying for INDAP loans above Ch$650,000 (roughly US$1,300) per crop. In order to 

promote its utilization, the State subsidizes half the premium (INDAP 2000). However, 

since most commune members included in this study had no access to INDAP-credit, it 

was unlikely that they could gain access to this new instrument.  

Seasonal climate forecasts have been offered as another option to decrease 

vulnerability to drought. Meza et. al (2003), and Meza and Wilks (2003) have shown that 

seasonal forecasts in dry-farming areas of southern Chile have had high value, and further 

suggest that farmers would be willing to pay for this information. However, lack of 

funding has prevented the more general distribution of this product so it was available 

only to private customers. (Patricio Aceituno, climatologist, University of Chile, personal 

communication, May 2003.)   

According to the agricultural commune leaders, there were several initiatives 

promoting cultivation of carnations and vegetables in greenhouses and open space by 

women. These female-led groups were just starting, and might prove to be an alternative 

path to ensure families’ access to training and resources that could provide higher 
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income.  

The range of institutional instruments that were in use at the time of this study 

revealed that no specific long-term actions had been taken by the State in terms of soil 

and water conservation, drought planning, or technical training for the wide set of 

comuneros who managed the land. Crop insurance might not reach the comuneros due to 

institutional restrictions. Thus, it was likely that vulnerable groups would remain as such 

until the next drought, a period when the public machinery for emergency relief 

reactivates and millions of dollars are channeled into the affected provinces, favoring 

those with more political clout, and leaving behind those who have suffered long-term 

inequities once again. 

6. Conclusions  

For centuries, families in the agricultural communities of Coquimbo have utilized their 

land and adapted to climate variations. However, because of the different architecture of 

entitlements, i.e., the resources which individuals or groups had been entitled to use to 

allow them to better cope with stress (Adger and Kelly 1999), some were better off than 

others and thus less vulnerable to recurrent droughts. In three studied agricultural 

communes, access to "productive resources" (e.g., land, water, technology, credit) had a 

major role in conditioning these variations, when compared to access to "non-productive 

resources" (e.g., education, health care, electricity). Of the three studied agricultural 

communities, Los Clonquis appeared to be the most vulnerable due to a more inequitable 

distribution of land and water. This agricultural commune had less irrigated land, and 

individual plots were smaller, and the percentage of landless comuneros was higher. El 
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Durazno was in an intermediate situation because land and water had been distributed in 

a more equitable fashion. Goat herding, a low-value economic activity, is more intensive 

here than in other locations. Finally, El Tome enjoyed the highest living standard due to 

its microclimatic advantages and specialized agricultural production, and employment in 

nearby private farming operations. But it also suffered from marked internal differences 

in wealth due to uneven access to land and water. 

Differential access to productive resources had to do with the government of each 

agricultural commune by the board of directors, and the set of values with which boards 

operated: boards distributed key productive resources in the absence of objective and 

impersonal rules, and favoritism was widespread and persistent. This forced many 

communal members to endure harsh conditions, with few options for future 

improvements given the limited amount of irrigated land that the agricultural communes 

controlled.  

Other sources of vulnerability had to do with inequitable access to credit, 

technology, and drought relief programs that were administered by the Sate. The fact that 

the most vulnerable segments of the population in the studied agricultural communes had 

limited or no access to these resources suggests inequalities in the State's aid. Since land 

is owned communally, public agencies providing credit did not assist individual 

commune members with farm credits because they had no titles and were consequently 

considered as ‘too risky’ for loan repayments. 

Health and education were equitably distributed by the State, irrespective of 

income levels and geographic location. Availability of these services provided the rural 
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population in the study-area with a safety network that helped decrease the impacts of 

droughts, probably helped reduce out-migration rates, keeping families together, and 

suggested that following generations would be better equipped to succeed economically.  

Income alone did not entirely explain differential vulnerability, but was an 

important indicator. Indigent and poor households could be less vulnerable than others in 

the same income bracket because of different architectures of entitlements. Some poor 

families were classified as less vulnerable because of the resources to which they had 

access.   

Regarding the strategies utilized by different groups of households during 

droughts, off-farm employment was most often utilized by the high-vulnerability group, 

followed by sales of minor and major livestock, and cessation of cultivation.  These 

strategies were similar to those reported in Bolivia (Valdivia et al. 1996), Brazil (Finan 

and Nelson 2001) and Mexico (Eakin 2000).  

Public agricultural policies are intended to increase agricultural output as a means 

to alleviate rural poverty and enhance well-being. At the time of the study, no instruments 

had been designed to specifically address the effects of drought on the most vulnerable 

population in the study-area. The government's usual response to drought had been—and 

remains—emergency relief, without long-term planning to improve risk management.  

The macroeconomic policies applied in the late 1970s moved Chile toward a free 

market economy that allowed for the development of private export-oriented commercial 

agriculture in the province. Over the past 25 years, this sector has been the main source of 

employment for households in the agricultural communes. In the long run, however, 
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these firms may prove to be the most vulnerable, exposed to both the vagaries of 

international trade and more extreme droughts.  

Thus, there is a set of factors that could contribute to decreasing vulnerability of 

households in agricultural communities to drought. Most of these factors remain beyond 

the commune members’ control, and need to be considered as part of a strategy to ensure 

subsistence of this land tenure system arrangement that has been successful for several 

centuries. A challenging future still lies ahead. 
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