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A B S T R A C T

Climatic change will affect crop yields and manage-
ment. By the year 2050, the mean temperature could
increase by 1.5 ºC; and by the year 2100 between 1.0
to 3.5 ºC. There are few studies on this subject in Chile.
At the international level, estimated climatic changes
in temperate and tropical zones could negatively af-
fect wheat (Triticum vulgare L.) and corn (Zea mays
L.) production, as examples. The objective of this
study was to determine the relationship between agri-
cultural systems and climatic change by using the
Ricardian Method. Specific objectives were to evalu-
ate and quantify the relationship of climatic variables
(precipitation and temperature) with economic varia-
bles under several realities of farms, to simulate the
impact of scenarios of climatic change, to propose
general orientations of adaptation and to evaluate the
Ricardian Method with Chilean data. Economic and
productive information from farmers belonging to
Technological Transfer Groups (GTT) of the Agricul-
tural Research Institute (INIA) was collected. The
Ricardian Method explained 37.6% of land value
variation. The highest values were in areas with mod-
erate temperatures and precipitation. Temperature had
a lower relationship to land value than precipitation.
Under specific conditions (type of producer, irriga-
tion, extension) were detected behaviors that require
further analysis. Upon simulating change of tempera-
ture and precipitation, the negative impacts on land
value tended to be of lower magnitude than in other
warmer regions. A tendency was observed for in-
creased temperature to be beneficial, and a neutral to
positive effect with less precipitation. The outputs
could initially guide specific strategies of adaptation
and mitigation.
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INTRODUCTION

Agriculture depends on climatic factors such as
temperature and precipitation. Although there is
evidence of global warming and that this phenom-
enon will affect agricultural productivity, there is
little quantified information on the potential impact.
Nevertheless, studies such as the one of Jones et
al. (1997), suggest that the direct effects will be on
crop yields and crop management, and that the in-
direct effects will influence aspects of technical
economic analysis of the implementation of new
policies and strategies. With regard to the former,
it is difficult to anticipate impacts, given that the
responses of agricultural producers and the results
on crop yields, in the context of technological
changes, are uncertain. The European Commission
has stated that by the year 2050, the average tem-
perature of the planet will have increased by 1.5
ºC, and that by the year 2100, it will have increased
by between 1.0 and 3.5 ºC (European Commission,
1997).

There are practically no studies in Chile that pro-
vide data or quantifiable relationships among cli-
matic factors, productive characteristics and econom-
ic values of agricultural systems, that would allow
for developing or applying models to orient strate-
gies of response to climatic change. The scenario
could be very complex if we consider that the agri-
cultural sector generates on the order of 6.5% of
Gross National Product (ODEPA, 2006), employs
11.6% of the labor force (INE, 2006), and generates
18% of national exports (Banco Central, 2006).

There are international studies that estimate possi-
ble impacts of climatic change (Rosenzweig and
Parry, 1994; Rosenzweig and Iglesias, 1994; Jones
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et al., 1997; CGIAR, 1998) which, in general terms,
have described eventual significant changes in tem-
perate and tropical zones in the African sub-Saha-
ra. Studies have also been done in Brazil (Siqueira
et al., 1994; Sanghi et al., 1997; Alves and Even-
son, 1996; Mendelsohn, 1996) that suggest, among
other aspects, the eventual fall in the productivity
of wheat and corn and the tendency toward more
negative impacts in the northeast of the country.

This study is part of a project supported by the
Department of Forestry and Environmental Studies
of Yale University, USA, and co-financed by the
World Bank, in which IICA/PROCISUR and the
national agricultural research institutes of the
southern cone countries participated. The objective
was to generate preliminary information on the
effect of global climatic change on agricultural
systems at the respective national levels, and to
quantify the relationship of temperature and
precipitation to some economic characteristics of
agricultural systems. Given that the effects of
climatic change are cumulative and of  medium and
long term, it is hoped to make a contribution in
generating the basis for public agricultural policies
on this theme and strategies of productive and
technological adaptation by this sector.

MATERIALS AND METHODS

The Ricardian Method
The fundamental supposition of the Ricardian
Method (RM) is that the agricultural producer seeks
to maximize economic utility, making decisions
according to market prices and other factors, such
as climatic variables. The fundamental development
of RM was by Mendelson et al. (1994) and it has
been applied in the United States (Mendelsohn et
al., 1994; Mendelsohn, 1996; 1999; 2001), Brazil
(Mendelsohn et al., 2001), India (Dinar et al., 1998;
Kumar and Parikh, 2001), Great Britain (Maddison,
2000) and Canada (Reinsborough, 2003). The RM
postulates the relationship between productivity and
climate (Mendelsohn et al., 1994), numerically
estimating the impacts of climatic variables on
agricultural variables. The RM incorporates
productivity, using economic proxy variables, such
as rural incomes, or, as in this study, the economic
value of the land, based on farmers estimations. The
indicated principle is described in equation (1)
(Mendelson et al., 1994), which constitutes the
fundamental expression of the RM:

V = PLE eΦt dt =ƒ [∑ Pi Qi (X, F, Z, G) - ∑ RX] eΦt dt
    (1)

where V is the basic or intrinsic value of agricultural
activity, represented by productivity; PLE is the
quantifiable economic proxy variable; Pi is the
market price of production i; Qi is the quantity of i
produced; X is a vector of non-agricultural
economic income; F is a vector of the climatic
variables considered; Z is a set of land variables; G
is a set of other economic variables, such as access
to markets and transportation; R is a vector of the
prices of inputs and expenses x; t is time; and Φ is
the rate of discount. The RM integrates and
examines how a set of independent exogenous
variables (F, Z, and G) affect the dependent variable
productivity, using, as was indicated, an economic
proxy variable.

Given the practical and conceptual difficulty of
objectively measuring productivity (V), in (2), the
RM is expressed in simplified form, and in func-
tion of a proxy variable (Mendelson et al., 1994):

PLE eΦt dt = ƒ [∑ Pi Qi (X, F, Z, G) - ∑ RX] (2)

Describing the fundamental conceptualization of
RM in the specific terms of this study, the depend-
ent proxy variable land value responds to the mar-
ginal influence of the climate, specifically the in-
dependent variables temperature and/or precipita-
tion, and of other agricultural and market variables
that are expressed in the following quadratic regres-
sion (3) (Mendelson et al., 1994):

PLE = B0 + B1F + B2 F2 + B3 Z + B4 
G + u (3)

where B0 is the intercept; B1 and B2 are coefficients
of the climatic variable vectors (temperature and/
or precipitation) in their lineal (F) and quadratic
(F2) expressions; B3 is the coefficient of the vector
of variables of land (Z) and B4 of the vector (G) of
variables of the related market, and “u” is the term
of perturbation or regression error. The quadratic
expression (3) reflects the non-lineal form that the
value of the land acquires as a response to the inci-
dence of the variables temperature and/or precipi-
tation.

When the coefficient B
2
 of the quadratic term F2 is

positive, the function of the response of the value
of the land is a convex-shaped curve, and when B2

is negative, the function has a concave-shaped curve
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(Mendelson et al., 1994). The RM postulates, based
on agronomic information, that land value takes a
concave shape in response to temperature and/or
precipitation; that is, that there is a given tempera-
ture (or level of precipitation) where the value of
the land is maximum, which changes with every
farm.

Application of the Ricardian Method: Concepts
The RM does not explain the mechanisms of
adaptation of agricultural producers to climatic
change, nor does it establish or verify the decisions
and/or perceptions of the future of the producer; it
only reflects the behavior of a dependent variable,
the land value, in response to the effect of
independent variables. To do this, the RM requires
information from farmers with regard to the scenario
of climatic change and their decisions that estimate
and maximize their utility (Mendelsohn et al.,
1994).

The previous is sustained in that: (i) to maximize
benefits, the producer should take decisions com-
paring those decisions that add value to those that
reduce it, or increase costs, and (ii) that this behav-
ior can be expressed in the same terms or algorithms
that the fundamental equation of the RM (1), as is
expressed in (4) (Mendelson et al., 1994):

Max Pi Qi (X, F, Z, G) - RX (4)

The application of the RM, complemented with
agronomic knowledge and experts judgment, allows
for orienting how producers can adapt their
decisions to climatic effects, changing management
tasks, the use or change of inputs, investments,
change of crops or varieties, among others; making
it possible to propose some degree of adaptations
by zones or macro-zones.

The present study of the application of the RM
(Mendelson et al., 1994) is based on obtaining
economic and productive information, by means of
surveys, from small and medium/large-scale farmers
in Chile, and the integration of information,
fundamentally on land and climate, obtained by
means that will be indicated further on.

Farmers surveyed, information collected and
statistical analysis
In total, 382 agricultural producers were surveyed,
most of them participants in the Technology

Transference Groups Program of INIA (GTT); 60%
was considered as small-scale producers (ODEPA,
2000). Interviews were conducted with 66 farmers
from the central northern zone, 71 from the central
zone, 176 from the central-southern zone and 69
from the southern zone. The survey was prepared
and validated by the School of Forestry and
Environmental Studies of Yale University, USA,
and was translated and adjusted to the agro-Chilean
context, maintaining the original coding system for
questions and responses in Excel format. General
background information was collected on farms,
crops, cattle, social-economic aspects and geo-
referencing. Through the survey, information of
land value was obtained, which represents the
dependent variable of the RM. Each survey
participant indicated the estimated value of one
hectare of his/her farm. The rest of the information
gathered served to generate stadigraphs that were
used for discussion and analysis of the context of
the results of the application of the RM.

With the geo-referenced information on every
farmer interviewed, from a database and from
satellite sources originating from the United States,
Yale University assigned each farm with
information which constituted the independent
variables in the RM regression. The independent
variables assigned were: the experience of the
producer, the slope and texture of the soil, average
temperature and precipitation in summer, spring,
autumn and winter. The information about the
survey or from a satellite source was incorporated
in coded form in an Excel table previously designed
by Yale University. The same procedure was
followed for the structuring of the mathematic
algorithms pertinent to the generation of results
(regressions and simulations). It was used the SAS
(1999) computer program.

Geographic zone
The geographic zone considered extends from the
25°17´ and 44°04´ S lat. and between the 68°17´
and 71°43´ W long. It includes almost all agricul-
tural zones in Chile, with the exception of the Par-
inacota and Tarapacá Regions in the north (Novoa
et al,. 1989) and the Aysén and Magallanes Regions
in the far south. The area studied produces 94% of
the wheat produced in the country, 96% of the corn,
100% of the rice (Oriza sativa L.), 94% of the po-
tatoes (Solanum tuberosum L.), 97% of the fruit
destined for export, 74% of the cattle, 98% of the
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milk, 75% of the beef, 54% of natural pastures, and
87% sowed pastures (ODEPA, 2006). The farmers
surveyed were located in the following sub-zones:
Northern-central (25°17´ to 32°16´ S) with a desert
climate, transitional and estepario; Central (32°02´
to 35°01´ S) with a warm temperate and humid cli-
mate; Southern Central (34°41´ to 39°37´ S) with a
Mediterranean to temperate climate, with cold rains,
and the Southern (39°16´ to 44°04´ S) with a tem-
perate rainy and cold rainy climate (Novoa et al.,
1989).

Applications of the Ricardian Method
In the first instance, stadigraphs of relevant varia-
bles were calculated, with the goal of describing
and understanding the productive and social-eco-
nomic context of the agricultural producers who
were surveyed, and who also constitute the direct
inputs for the application of the RM. Secondly, two
groups of adjustment regressions were carried out,
in accordance with the inclusion or not of the inde-
pendent climatic variables temperature and precip-
itation, versus the dependent variable land value.
In each group of adjusted regressions were evalu-
ated scenarios that considered: (i) the totality of the
surveyed producers; (ii) those producers who de-
clared having irrigated land; (iii) those with non-
irrigated land; (iv) small-scale producers; (v) me-
dium/large scale producers; (vi) those who de-
clared receiving ongoing agricultural extension
services and, lastly, (vii) those who stated not
receiving this service. Eight (8) future scenarios,
which have a certain possibility of occurring, were
simulated of the effect of climatic change on esti-
mated land value.

These simulated scenarios were defined jointly by
the participating countries in the SACPR project.
Two scenarios increase current mean temperature
by 2.5 and 5.0 ºC, ceteris paribus. Two other
scenarios increase and decrease annual mean
temperature by 10%, respectively, ceteris paribus.
Finally, the four remaining scenarios combine
changes in temperature and precipitation: an in-
crease of 2.5 ºC and 10% in precipitation; an in-
crease of 5.0 ºC and 10% in precipitation; an in-
crease of 2.5 ºC and a reduction of 10% in precipitation,
and an increase of 5.0 ºC with a reduction of 10%
in precipitation. Each scenario was simulated for
the total number of agricultural producers surveyed,
for the segment of small-scale and the segment of
medium/large-scale producers.

RESULTS AND DISCUSSION

Relevant stadigraphs
The average area of the farms surveyed was 39.1
ha, with a range of 0.21 to 694 ha, and a mode of
12 ha. On average, 44% of the area surveyed was
irrigated, and 56% was without irrigation. In the
central northern zone 86% of the area was irri-
gated, while in the southern zone only 1.4% was
irrigated, owing to the high levels of rainfall.

The main crops declared were potatoes, wheat and
corn, cultivated by 24% of the farmers. In the north-
ern zone, the predominant crops were beans (Pha-
seolus vulgaris L.), corn, potatoes, and table and
“pisco” grapes (Vitis vinifera L.), olives (Olea eu-
ropaea L.), walnuts (Juglans regia L.) and avoca-
dos (Persea americana L.). In the central zone 43%
cultivate corn, and produce nectarines and peaches
(Prunus persica L.), wine and table grapes, pota-
toes, wheat, apples (Malus domestica Borkh.) and
cherries (Prunus avium L.). Vegetable growing is
common, but in relative terms does not occupy ex-
tensive areas. In the southern zone, 50% of those
surveyed cultivate potatoes; wheat and oats (Avena
sativa L.) are also common as well as natural pas-
tures especially grasses.

Some 55% of the respondents irrigated with water
supplied by artificial distribution channels, 8% from
underground sources and/or farm dams, and 37%
with water from precipitation. The predominant
type of irrigation is gravitational, and only 21% of
the producers had technological irrigation.

Some 97% of those surveyed has perceived cli-
matic changes in the last decades. The changes most
often mentioned were: more prolonged droughts,
higher average temperatures and a shifting of the
seasons. Despite the high level of perception of cli-
matic changes, this has not translated into massive
or frequent actions of adaptation of the productive
system. For 78% of those surveyed, the main limit
in making adaptations is the unavailability of fi-
nancing to carry out work engineering, infrastruc-
ture, farm planning and crop management.

With regard to the social-economic variables, 86%
of the heads of farm operations indicated agricul-
ture as the main occupational activity. Some 45%
of the farms had an estimated land value over US$
2 000 per hectare; 40% had a value between US$
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2 000 and US$10 000, and values over than US$
10 000 were uncommon. The national average was
US$5 910, with a range from US$400 to US$
39 000. In the central zone, close to large cities and
greater density of population, a higher average es-
timated value was detected, US$10 950 per hec-
tare. The opposite was observed in the southern
zone, US$3 914 per hectare. When the estimated
value of infrastructure (houses, storage facilities,
fences and others) were included, the value was
US$11 335 per hectare. The exchange rate value of
the dollar considered to November, 2006 was $530
Chilean pesos per dollar.

Technical assistance or agricultural extension serv-
ices were accessed regularly by 92% of the farms
surveyed. Of this segment, 65% receive support from
public institutions, and 35% from non-governmen-
tal organizations. A 25% of farmers recive agricul-
tural extension from public and private entities at
the same time; this tendency was similar in all the
zones studied. These figures are considered higher
than the national reality given the character of the
participants in the GTT, to which belong he ma-
jority of the participants.

Application of the Ricardian Method
The general regression model of the RM explained
37.6% of national variation of estimated land value
through the determination coefficient (R2). When
R2 is adjusted, the explanatory power is 33.9%. The
R2 obtained is moderate. Nevertheless, Gujarati
(1996) indicated that in a series of transversal data
taken from surface areas, R2 values such as those
detected are satisfactory; he stresses this if the re-
gression obtained is significant (Test F), and if the
regression coefficients, in their majority, have the
same sign of the theoretical specification of the
proposed model and are statistically significant.

A value of F = 10.08 was found, with a probability
of no significance (Pr > F) very minimal (Pr <
0.0001) (Table 1). In the majority, the estimated
values of the parameters are significant with a prob-
ability (t test) Pr < 5-10%, even on the order of
20%, which is acceptable according to Gujarati
(1996). The independent variables that support
greater explanatory power (estimated value) are: (i)
with a positive sign: autumn temperature and pre-
cipitation, that is to say, land value increases when
autumn temperatures and precipitation also in-
crease; and (ii) with a negative sign: spring tem-

perature, the slope of the land, partially clay tex-
ture and winter temperature, that is, when these in-
crease land value decreases, which is a reasonable
result. Explanatory variables that have little rela-
tion to land value are: the age of the producer, spring
precipitation and the summer temperature.

Eleven regressions are presented that relate the in-
dependent climatic variable temperature to the es-
timated land value (Table 2). T1 explained only 6%
(R2) of the variation of land value when the total of
the farms surveyed was analyzed. Nevertheless,
with small-scale producers (T2) the adjustment is
even greater (R2 = 14%) than in the case of me-
dium/large scale producers (T3). In the analysis that
considers irrigated or non-irrigated land, the regres-
sions explain on the order of 10% of the total varia-
tion of land value (T4, T5 and T7), with the ex-
ception of small-scale producers with non-irrigat-
ed land (T6), in which R2 reached 23%. This could
indicate the dependence of agricultural productivi-
ty on the factor temperature in systems without irri-
gation of small-scale producers, a perception that
coincides with the lower R2 obtained with small-
scale producers with irrigation (T4). In the case of
agricultural extension services (T9 and T11) a
stronger relation was determined with temperature
when there was no technical support. The most clear
response is among small-scale producers who de-
clared not having technical assistance with regu-
larity (T9; R2 = 38%), which is contrary to what
happens with medium/large-scale producers (R2 =
3%) who declared receiving technical assistance
regularly (T10). This is in accord with universal
goals of agricultural extension policies aimed at
making producers independent of climatic effects,
by means of adaptation and technological innova-
tion.

The typical curve generated by the RM for the T1 re-
gression, which relates temperature to the land value
of the totality of farmers can be observed in Figure 1.
The highest estimated land values tended to be con-
centrated in farms located in zones with moderate
average temperatures of approximately 7-9 ºC.
The agricultural systems with a lower land value
were located in zones with more extreme average
annual temperatures. Figure 2 presents the best ad-
justment between the variables mean temperature
versus land value (regression T9; R2 = 38%),
achieved with small-scale producers who do not
receive agricultural extension services.
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Eleven regressions were calculated (P1 a P11) that
relate the independent climatic variable precipita-
tion to the estimated land value (Table 3). P1 ex-
plains 21% (R2) of the variation of the land value
when the total of farms surveyed is analyzed. In
general, there was more adjustment than in the analy-
sis with the variable temperature. Nevertheless, in
contrast to what was obtained with the temperature
variable, among small-scale producers (P2) a lower
R2 was detected (11%) than among medium/large
scale-producers (P3; R2 = 30%). This could be re-
lated to a greater average productivity of the me-
dium/large-scale producers, but with greater sensi-
tivity to precipitation, given a greater spatial varia-
bility among their farms. As well, it could be relat-
ed to the greater marginality of the small-scale pro-
ducers, so the lower the expected yields, the less
relative variation in response to changes in pre-
cipitation.

In the case of irrigated land the model explains at
least 25% (R2) of the variation of the land value in
all adjusted regressions (P4, P5, P6 and P7). With
irrigated land the model adjusted in a manner very
similar in both strata of farmers (P4 and P5). With
non-irrigated land, a moderately greater explana-
tory power was determined for medium/large-scale
producers compared to small-scale producers (P7;
R2 = 32% vs. P6; R2= 25%). The results indicated
that among the producers surveyed, precipitation
is more important in their decision-making than the
temperature. Thus, the application of adaptation
strategies related to precipitation could have an
important impact on productivity (Table 3).

In the scenarios with agricultural extension (P8, P9,
P10 and P11) a stronger relation or dependence was
found with precipitation when there was not tech-
nical support to small-scale producers (P9; R2 =

Table 1. Annual general regression coefficients in accordance to the Ricardian Model, including all interviewed
farmers.

Model DF: 21 Error DF: 351 Total DF: 372
Value F: 10.08 Pr > F < 0.0001

Variable DF Estimated coefficient Error Valor T Pr > |t|

Intercept 1 58442 54574 1.07 0.28
Experience of the producer 1 -51.81 22.26 -2.33 0.02*
Average slope 1 -4385.74 1096.53 -4.00 <0.001*
Maximum slope 1 -1915.683 936.86 -2.04 0.04*
Average textura 1 -4607.54 2349.41 -1.96 0.05*
Clay texture 1 -965.83 867.71 -1.11 0.27
Summer temperature 1 -329.78 1707.17 -0.19 0.85
Winter temperature 1 -4272.03 1374.18 -3.11 0.002*
Autumn temperature 1 6988.95 2585.12 2.70 0.007*
Spring temperature 1 -7334.12 3664.86 -2.00 0.05*
Summer precipitation 1 -1073.04 1207.18 -0.89 0.37
Winter precipitation 1 -717.17 1493.24 -0.48 0.63
Autumn precipitation 1 1029.71 4098.27 0.25 0.80
Spring precipitation 1 -87.16 2319.63 -0.04 0.97
(Summer temperature)2 1 -10.81 77.17 -0.14 0.89
(Winter temperature)2 1 231.21 98.16 2.36 0.02*
(Autumn temperature)2 1 -380.47 180.77 -2.10 0.04*
(Spring temperature)2 1 453.63 202.25 2.24 0.03*
(Summer precipitation)2 1 17.10 16.26 1.05 0.29
(Winter precipitation)2 1 2.48 3.88 0.64 0.52
(Autumn precipitation)2 1 -10.97 19.24 -0.57 0.57
(Spring precipitation)2 1 7.90 13.46 0.59 0.56

Statistical significance according t test with Pr (∝ ) ≤ 5%.
DF: degree of freedom; T: calculated T value; Pr > |t|: probability on T statistic; ( )2: variable in quadratic expression.
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17%). On the other hand, with medium/large scale
producers, the RM explained more the variation in
the land value when there is technological training
(P10). The causes of this result are not clear, but it
could be that training of this strata (medium/large
scale) is intense and with broad farm coverage in
factors of management and inputs, but it is not the
same with the massive implementation of irriga-
tion, for example, in the southern zone of the coun-
try, which could generate sensitivity to variation in
precipitation. Higher in R2 was observed in the re-
gressions of medium/large-scale producers, tending
to be lower when there was not technical support
(Table 3); so that this would suggest that with
technical assistance small-scale producers could
attenuate the effects of precipitation that in larger
scale producers. This encourages strategies for the
peasant producer related to the factor of precipita-
tion and associated technologies.

The typical RM curve generated with the totality
of producers, where the highest estimated land va-
lues of land are concentrated in farms with moderate
to average precipitation, on the order of 60 mm per
trimester, can be observed in Figure 3. The agri-
cultural systems with lower land value, and proba-
bly less productivity and greater dependence on the
factor of precipitation, are in zones with more ex-
treme average levels of precipitation.

In general in Chile, the effects of simulated climatic
change could affect some scenarios, strata of pro-
ducers and zones of the country; the effects are seen
as having less magnitude than is predicted in other
parts of the continent. For example, Mendelsohn
(1996) has estimated a negative impact on impor-
tant agricultural sectors in Brazil, with strong eco-
nomic implications, owing to the predominance of
climates that are already very warm, which are more
sensitive than temperate zones such as in Chile. In
this context, the average temperature in Chile is
moderate to low in comparison to the rest of Latin
America, with an annual average of 13.7 ºC; 14.4
ºC in summer and 4.6 ºC in winter. The annual av-
erage accumulated precipitation is 735 mm, with a
range in the area studied of 21.8 mm (central north)
to 1350 mm (south) (Novoa et al., 1989).

The effects of the simulated scenarios are presented
in Tables 4 and 5. Considering the totality of farm-
ers, the scenarios that only increase temperature
generate a moderately positive effect on the land
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Figure 1. Graphic and functional relationship in Chile of the mean temperature and the land value adjusted
according to the Ricardian Method.

Figure 2. Graphic and functional relationship of mean temperature in Chile and land value, adjusted according
to the Ricardian method, among small farmers without agricultural extension.

Mean temperature (ºC)

Mean temperature (ºC)

value, with a maximum (1.48%) with a simulated
increase of 5 ºC above the current national average
temperature; this could reflect the fact that the area
under study has a large surface (central south and
south) with medium to low temperatures, whose
production systems, mainly cattle raising, could be
favored slightly. With changes in precipitation,
effects of greater magnitude are obtained, and in
some cases in the opposite sense of the variation in
temperature; when precipitation is increased, land
value increases slightly (6.9%), a symmetric situa-

tion is observed upon reducing precipitation. The
influence of systems of greater productivity in the
central and northern zones could be manifesting
themselves, where precipitation levels are low and
concentrated in winter, and which tends to offset
the effect of the contrary reality that exists in the
south of the country.

The scenarios that combine changes in temperature
and precipitation support the described tendencies.
When precipitation increases there is a moderate
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increase in land value (8%), independent of the in-
crease in temperature. On the other hand, the land
devalues (6%) when precipitation decreases (Tables
4 and 5). The encountered behavior can be contra-
dictory, with the perception that climatic change
will always affect the agricultural sector negatively.
Nevertheless, the possible moderate positive effects
indicated were also detected by Alves and Evenson
(1996) and Sanghi et al. (1997) in Brazil, in which
the dependent variable of profitability showed a
negative effect in the central western region of the
country, but also reflected beneficial effects in
southern zones of Brazil, whose temperate climate
is similar to Chile’s.

The impact according to the producer stratum is also
shown in Tables 4 and 5. Among small-scale pro-
ducers, land value follows a similar pattern to that
of the total group of farmers surveyed. The great-
est impact is in simulated scenarios that increase
temperature and precipitation, with a 6% increase
in land value. In other scenarios, the relative
changes in land value are on the order of 3% when
temperature increases and 2.5% when precipitation
varies. Land value does not change when tempera-
ture increases and precipitation decreases. The pre-
dicted result in this stratum could respond to the
presence of small-scale producers with marginal
lands of lower productivity, consequently changes
in temperature and precipitation can have a relative-
ly minor impact. This could also reflect the exist-
ence in the central northern, central and central
southern zones of small-scale producers who adopt
a level of technology with a major intra-farm cov-
erage, because of which they perceive less depend-
ence of their management on climatic phenomenon.
As well, this could indicate that small farms have
more stable land values because of scale, with fewer
profitable alternatives in the use of the land.

Among the medium and large scale producers, land
value also increases moderately in the scenarios that
increase temperature, although it reaches an in-
crease of 23% with the scenario in which tempera-
ture increases by 5 ºC. With scenarios that simu-
late changes in precipitation, the effects are more
marked than among small-scale producers and the
totality of survey respondents. An increase in pre-
cipitation would generate a reduction (28%) of the
land value; while a contrary effect would be pro-
duced by reducing precipitation. Two realities of
national agriculture could explain this behavior; onT

ab
le

 3
. 

R
eg

re
ss

io
n

s 
(P

1 
to

 P
11

) 
ge

n
er

at
ed

 b
y 

th
e 

R
ic

ar
d

ia
n

 M
et

h
od

. 
P

re
ci

p
it

at
io

n
 v

s.
 l

an
d

 v
al

u
e 

(Y
),

 c
on

si
d

er
in

g 
sm

al
l 

an
d

 m
ed

iu
m

/l
ar

ge
 p

ro
d

u
ce

rs
,

ir
ri

ga
te

d
 o

r 
n

on
-i

rr
ig

at
ed

 la
n

d
 a

n
d

 w
it

h
 o

r 
w

it
h

ou
t 

ag
ri

cu
lt

u
ra

l e
xt

en
si

on
 s

er
vi

ce
s.

Id
en

ti
fi

ca
ti

on
A

n
al

yz
ed

 s
it

u
at

io
n

R
eg

re
ss

io
n

R
2

P
1

T
ot

al
 l

an
da

Y
 =

 0
.0

3X
3  

- 
9.

62
X

2  
+

 6
08

.1
7X

 +
 9

52
.2

4
0.

21
P

2
T

ot
al

 l
an

da  -
 S

m
al

l 
pr

od
uc

er
Y

 =
 -

2.
43

X
2  

+
 2

31
82

X
 +

 4
75

5.
6

0.
11

P
3

T
ot

al
 l

an
da  -

 M
ed

iu
m

/l
ar

ge
 p

ro
du

ce
r

Y
 =

 -
0.

39
X

2  
- 

14
.7

1X
 +

 1
04

59
0.

30
P

4
Ir

ri
ga

te
d 

la
nd

 -
 S

m
al

l 
pr

od
uc

er
Y

 =
 -

2.
62

X
2  

+
 2

29
.9

1X
 +

 5
38

1.
4

0.
25

P
5

Ir
ri

ga
te

d 
la

nd
 -

 M
ed

iu
m

/l
ar

ge
 p

ro
du

ce
r

Y
 =

 -
3.

35
X

2 
+

 4
11

.8
7X

 +
 1

54
8.

7
0.

27
P

6
N

on
-i

rr
ig

at
ed

 l
an

d 
- 

S
m

al
l 

pr
od

uc
er

Y
 =

 2
.6

2X
2 
+

 2
29

.9
1X

 +
 5

38
1.

4
0.

25
P

7
N

on
-i

rr
ig

at
ed

 l
an

d 
- 

M
ed

iu
m

/l
ar

ge
 p

ro
du

ce
r

Y
 =

 0
.0

7X
2 
- 

89
.4

9X
 +

12
43

1
0.

32
P

8
T

ot
al

 l
an

da  -
 W

it
h 

ag
ri

cu
lt

ur
al

 e
xt

en
si

on
 -

 S
m

al
l 

pr
od

uc
er

Y
 =

 -
2.

28
X

2 
+

 2
17

.0
5X

 +
 4

94
2.

4
0.

09
P

9
T

ot
al

 l
an

da  -
 W

it
ho

ut
 a

gr
ic

ul
tu

ra
l 

ex
te

ns
io

n 
- 

S
m

al
l 

pr
od

uc
er

Y
 =

 2
.2

0X
2 
- 

30
5.

95
X

 +
 1

27
34

0.
17

P
10

T
ot

al
 l

an
da  -

 W
it

h 
ag

ri
cu

lt
ur

al
 e

xt
en

si
on

 -
 M

ed
iu

m
/l

ar
ge

 p
ro

du
ce

r
Y

 =
 -

0.
07

4X
2 
- 

57
.9

1X
 +

 1
08

21
0.

34
P

11
T

ot
al

 l
an

da  -
 W

it
ho

ut
 a

gr
ic

ul
t.

 e
xt

en
si

on
 -

 M
ed

iu
m

/l
ar

ge
 p

ro
du

ce
r

Y
 =

 -
1.

28
X

2 
+

 1
47

.8
2X

 +
 5

19
1.

4
0.

20
a  

In
c l

ud
e s

 i
rr

ig
a t

e d
 a

nd
 n

on
-i

rr
ig

a t
e d

 l
a n

ds
.



65J. GONZÁLEZ U. and R. VELASCO H. - EVALUATION OF THE IMPACT OF CLIMATIC CHANGE ON...

Figure 3. Graphic and functional relationship in Chile of mean precipitation and the value of the land, adjusted
according to the Ricardian method.

Table 4. Relative change (%) of land value under different simulated scenarios of variation of temperature and
precipitation.

Simulated scenario Total Small Medium/large
producers producers  producers

Increase of 2.5 ºC 0.74 1.94 11.57
Increase of 5.0 ºC 1.48 3.89 23.14
Increase of 10% in precipitation 6.95 2.51  -28.38
Reduction of 10% in precipitation  -6.95  -2.51  28.38
Increase of 2.5 ºC + increase of 10% in precip. 7.69 4.45  -16.81
Increase of 5.0 ºC + increase of 10% in precip. 8.42 6.39  -5.24
Increase of 2.5 ºC + reduction of 10% in precip.  -0.21  -0.56  39.95
Increase of 5.0 ºC + reduction of 10% in precip.  -0.47  1.38  51.51

one hand in the northern, central northern and part
of the central southern central zones, high techno-
logy production of export fruit predominates, which
is highly susceptible to damage and increases in
costs with excessive and unexpected rainfalls,
which can generate a strong aversion to such phe-
nomena among these producers. Parallel to this,
in the southern zone cattle production predomi-
nates under conditions of high rainfall, so that a
scenario of increased precipitation could have a
negative perspective in terms of future profitabil-
ity, causing greater complications and costs in the
management of cattle, pastures, and soil adapta-
tion and drainage.

The scenarios that increase temperature and precip-
itation also show a reduction in the land value, al-
though more attenuated (-5%), possibly because of
the partially beneficial effect of the increase in tem-
perature. The scenarios that combine increased tem-
perature and a reduction in precipitation generate a
theoretic increase in the land value in a surprising
range of 40 to 50%. This can respond to similar ex-
planations to those presented for the scenarios in
which only the level of precipitation changes.

In general, the behavior of the totality of farmers
in the study showed tendencies and magnitudes
more similar to the stratum of small-scale pro-
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ducers than those of medium/large scale producers.
This is probably because the majority of the
surveyed producers belong to this stratum. The
tendencies, compared in the columns of Tables 4
and 5, while in some scenarios seem contradictory,
can or are reflecting dissimilar contexts among
types or stratum of producers.

CONCLUSIONS

� There is in Chile a relationship between climatic
variables and economic variables of the agricul-
tural production systems.

� The Ricardian Method could explain satisfacto-
rily (R2 = 38%) the total national variation of the
variable agricultural land value in response to
climatic change. The independent variable tem-
perature presented a lower relationship to land
value than the independent variable precipitation.
With additional restrictions, such as the presence
or absence of irrigation or agricultural extension,
diverse relationships were detected that require
more specific analysis.

� The scenarios of change in temperature and pre-
cipitation show less impact on the land value than
has been reported for warmer regions of Amer-
ica. Predictions at the national level reflect neu-
tral impacts with a slight tendency to be benefi-
cial when temperature increases. With an increase
in precipitation, the impact is of greater magni-
tude, from neutral to slightly favorable in small-
scale agricultural producers and negative in me-
dium and large-scale producers.

� Preliminary results were generated for discussion
of the impact of climatic change on agriculture,
with variations that could initially alert or orient
effective strategies and policies of adaptation.
Decision-making should discriminate climatic,
social-economic technical, size and productive
situations.

� The Ricardian Method presented a promising lev-
el of adjustment to the Chilean situation, with the
generation of regressions, climate-economic re-
lations variables, response curves and simulation
of scenarios. The independent variables that gave
a greater explanatory level of the dependent
variable, the value of agricultural land, were
spring temperatures, autumn temperatures and
precipitation, the slope of the land and winter
temperatures.
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Table 5. Absolute land value under simulated scenarios of temperature and precipitation variation. US$ per hectare.

Simulated scenario Total Small Medium/large
producers producers  producers

Current mean land value (US$ ha-1) 5910 6145 5461
Increase of 2.5 ºC 5954 6263 6175
Increase of 5.0 ºC 5999 6394 7105
Increase of 10% in precipitation 6351 6303 3911
Reduction of 10% in precipitation 5499 5990 7625
Increase of 2.5 ºC + increase of 10% in precip. 6402 6341 4543
Increase of 5.0 ºC + increase of 10% in precip. 6453 6564 5175
Increase of 2.5 ºC + reduction of 10% in precip. 5543 6110 7642
Increase of 5.0 ºC + reduction of 10% in precip. 5587 6231 8274
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Evaluación del impacto del cambio
climático sobre el valor económico de la

tierra en sistemas agrícolas de Chile

R E S U M E N

El cambio climático afectará los rendimientos y ma-
nejo de los cultivos agrícolas. Se estima que al año
2050 la temperatura media aumentaría 1,5 ºC, y al
2100 entre 1,0 y 3,5 ºC. En Chile existen pocos estu-
dios sobre el tema. Internacionalmente se estiman
cambios en zonas templadas y tropicales que afecta-
rían negativamente, por ejemplo, al cultivo de trigo
(Triticum vulgare L.) y maíz (Zea mays L.). El objeti-
vo de este estudio fue determinar la relación entre sis-
temas agropecuarios y cambio climático aplicando el
Método Ricardiano. Los objetivos específicos fueron
evaluar y cuantificar la relación de las variables cli-
máticas (precipitación y temperatura) con variables
económicas bajo diferentes realidades prediales, si-
mular impacto de escenarios de cambio climático,
proponer orientaciones generales de adaptación y eva-
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