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Abstract

In this analysis, the impact of climate change on agriculture in Nova Scotia is
estimated. Using the Ricardian method of analysis, climate variables are regressed on the

value of farmland in the province of Nova Scotia.

The regression output produced from the relationship of climate variables and the
value of farmland is found to be suffering from the phenomenon of autocorrelation. Once
the regression output is corrected for autocorrelation, the regression is ran again and
agriculture in Nova Scotia is found to be unaffected by increasing temperatures and

increasing amounts of precipitation.
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Chapter 1: Introduction

Although climate change is expected to have many impacts on various sectors of
the economy, few sectors are as important as agriculture (Mendelsohn & Dinar, 2009).
According to the Nova Scotia Federation of Agriculture (2009), Agriculture is a key
industry to Nova Scotia because of its contribution to the economy, its role in sustaining
rural communities, the food security it provides, and its contribution to health and the
environment. The agriculture and agri-food sector is also an important source of income
and employment in provincial economies; the sector contributes approximately 3 percent
to Nova Scotia’s GDP and accounts for about 11 percent of Nova Scotia’s employment
(Agriculture and Agri-food Canada, 2008). According to Natural Resources Canada,
future climate changes projected by the Intergovernmental Panel on Climate
Change would result in advantages and disadvantages for the agricultural sector in
Canada, varying on a regional basis (Natural Resources Canada, 2004). For Nova Scotia
the average temperature rose by half a degree (Celsius) in the 20™ century and is expected
to rise by another 2 to 4 degrees (Celsius) in the 21 century (Nova Scotia Department of

Environment, 2009).



Chapter 2: Climate Change

Because the work in this paper discusses the impacts arising from climate
change, the definition of climate change is essential to fully understand such impacts.

| define climate change as the change in temperature and weather patterns over a
period of time. The causation for climate change is attributed largely to the increased
levels of atmospheric carbon dioxide produced by the human activity of the burning of
fossil fuels (Oxford Dictionaries, 2010). Although there are natural forces, such as
volcanic shifting, solar activity, and orbital changes that also contributed to climate
change; human activity is largely the prevailing force (Government of Canada, 2010).

The burning of fossil fuels release what are known as greenhouse gases into the
atmosphere. Greenhouse gases are gases in the Earth’s atmosphere that absorb heat
energy radiated by the earth and return most of this energy back towards the surface. This
process is known as the greenhouse effect (Government of Canada, 2010). Greenhouse
gases stay in the atmosphere for long periods of time. With fossil fuels constantly being
burned, the concentration of the greenhouse gases continue to rise, trapping increasing
amounts of heat in the earth’s atmosphere and resulting in an increase of the earth’s

temperature over time (Mendelsohn & Dinar, 2009).



Chapter 3: Role of Climate Change in Agriculture

According to Mendelsohn and Dinar (2009), there is sufficient evidence to
suggest that climate change will affect agriculture. They suggest an optimal climate range
of temperature and precipitation exists for crop and livestock production. Mendelsohn
and Dinar (2009) also say there are factors that change the optimal range of growth and
production with respect to climate, such factors are soil and water. For example, poor soil
and not enough water will not allow crops to grow and produce at the level they could
with better quality soil and more water (Mendelsohn & Dinar, 2009).

Figure 3.1 Climate and Soil Interaction on Growth and Production of Crops and

Livestock.
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Figure 3.1 is a representation of the relationship between climate ranges (of
combinations of temperature and precipitation) and the level of growth and production in
crops and livestock. The middle section of the graph, the line without the limiting factor,
represents the optimal range of climate variables where crops and livestock are able to
yield maximum growth and production. The lower line in Figure 3.1 shows the
relationship between climate and growth and production when there are limiting factors
such as poor soil and no water. Although on this limiting line there is an optimal range,
the limiting factors prevent crops and livestock from growing and producing at their
maximum levels obtained at the line without limiting factors.

Crops and livestock each have unique ways of responding to changing climate
variables because each has its own way in which it grows and produces.

Plants have become specialized to optimize yields at particular temperature and
humidity settings (Morison, 1996). The level of CO, and temperature in the atmosphere
affect the rate at which a plant develops. With the increasing of temperatures and the
concentration of CO; rising, the rate of development in plants changes, in turn affecting
the growing period of the plant or crop (Mendelsohn & Dinar, 2009).

Livestock growth and production also has an optimal range of climate conditions
although the growth and production of livestock in Canada and thus Nova Scotia does not
face the problems of climate change (Mendelsohn & Dinar, 2009). The livestock growth
and production in Nova Scotia takes place within optimal controlled settings, shelter and
sufficient nutrients, where the suboptimal climate can be compensated with proper

amounts of food and water (Mendelsohn & Dinar, 2009).



Chapter 4: Theory

The work in this paper is primarily based on the research completed by Dr. Robert
Mendelsohn and Dr. Michelle Reinsborough on the Ricardian analysis of US and
Canadian farmland (2007). The model used to measure the effects of climate change on
agriculture in Nova Scotia is the Ricardian method (Mendelsohn et al, 1994).

The Ricardian method regresses the value of farmland per acre, on climate and
other exogenous variables to show how changes in climate explain the value of farmland.
The relationships produced can then be used to predict agricultural impacts of changes in
climate in the future (Mendelsohn & Reinsborough, 2007). An assumption made by the
Ricardian method is farmers chose a set of inputs and outputs to maximize their profits
when constrained with exogenous factors they cannot control, such as climate
(Mendelsohn & Reinsborough, 2007).

An advantage the Ricardian method possesses is that it includes efficient
adaptations made by farmers in response to climate change by capturing how farmers
modify their methods of production in response to changes in temperature, rainfall, and
water availability (Mendelsohn & Dinar, 2009). It is important to note that the
adaptations made by farmers included in the model are current adaptations; the Ricardian
method does not predict future adaptations as farmers’ ability to adapt changes with
changing technology, input and output prices, and human capital (Mendelsohn & Dinar,
2009).

The Ricardian method also possesses some disadvantages. The impact of
important variables, such as irrigation, that could attribute to the explanation of variation

in farm value is not fully controlled for in the Ricardian method (Mendelsohn & Dinar,



2009). Prices are assumed to be constant in the Ricardian method when prices could
change, creating the possibility of bias estimates that could overestimate the damages and
benefits from climate change (Mendelsohn & Dinar, 2009).

The Ricardian model used and based on the work by Mendelsohn and
Reinsborough (2007) is as follows:

V=By+ BiT + B3P+ BsZ+u

where V represents the dependent variable farmland value, T is a vector of

seasonal temperatures, P is a vector of seasonal precipitation, Z is a vector of the other

exogenous variables, and u is the error term.



Chapter 5: Data

The farmland value data for the years 1981-2009 came from Statistic Canada’s
socioeconomic database, CANSIM. The CANSIM database also provided the population
data on change, density, and income (Statistics Canada 2005, 2006). The climate data
was provided by Statistics Canada for the province over the years 1981-2009. These were
averages of monthly temperature and precipitation used to calculate seasonal

temperatures.



Chapter 6: Results

The regression presented in Table 6.1 deals with a sample of dryland farms, as

there is less than 1percent of irrigation on farmland in Nova Scotia.

Table 6.1 Nova Scotia Farmland Value Regression

Independent Variable Nova Scotia 1981-2009 Standard Error
January Temperature -8.86 11.05
April Temperature 23.48 20.51
July Temperature 17.38 22.78
October Temperature -0.63 17.39
January Precipitation -0.48 0.96
April Precipitation -0.02 0.67
July Precipitation 0.61 0.77
October Precipitation -0.49 0.43
Income 0.07 0.01*
Population Density 299.77 73.67*
Population Change % -14396.41 9881.53
Constant -6743.14 1558.64*
R? 0.94

# of observations = 29, * indicates significant at 5%.

Many of the coefficients produced regressing farmland value on climate variables,
income, and population variables are insignificant. This is to be expected as the work
completed in this paper is based on Mendelsohn’s and Reinsborough’s (2007) research
for the US and Canada, and the results presented in Table 6.1 are similar to those of

Mendelsohn’s and Reinsborough’s (2007) for dryland farms.



All coefficients except income, population density, and the constant are
insignificant. The signs of the coefficients that can be predicted with economic theory are
income and population change. According to the results of the work completed by
Mendelsohn and Dinar (2009), positive effects from income and population change are
expected. Farmland value per acre is expected to increase as income increases and

population grows which is in accordance with the coefficients from Table 6.1.

These results suggest that there is no climate response of farmland value in Nova
Scotia to changing climate variables of temperature and precipitation but the results also

suggest something else.

Because we are dealing with a time series regression where the dependent
variable of farmland value could depend on previous values of farmland value and we are
omitting relevant soil variables that effect how crops and livestock produce in response to
climate, it is possible that the regression is suffering from the phenomenon of
autocorrelation. Autocorrelation can be defined as the correlation between members of

series of observations observed in time or space (Kendall & Buckland, 1971).

There are several ways to detect for autocorrelation. One way for detection is a

visual examination of the residuals across time.



Figure 6.1 Plot of Residuals Across Time
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The plot of residuals in Figure 6.1 exhibits a pattern, suggesting that the residuals
may not be random. The residuals appear to be increasing over time suggesting some

degree of a relationship among them.

Another way to detect for autocorrelation is to run a formal autocorrelation test,
known as the Durban-Watson d Test. The null hypothesis for the Durban-Watson d Test
is the correlation coefficient of the error terms being equal to zero and the alternative
hypothesis is the correlation coefficient of the error terms not being equal to zero. To first
run this test, the critical Durban-Watson d statistics have to be obtained from Durban-

Watson d statistic tables. With k(the number of coefficients) equal to 12 and an assumed
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5 percent level of significance, the upper critical Durban-Watson d statistic is equal to
2.634 and the lower critical statistic is equal to 0.544. From the regression ran to obtain
the values in Table 6.1, the Durban-Watson d test statistic is equal to 0.808. According to
the Durban-Watson d test decision rule no negative correlation when the test statistic falls
between positive 4, and 4 minus the lower critical statistic, the test statistic falls in the
rejection region. Therefore, the null hypothesis of no correlation (negative according to
the decision rule) is rejected at the 5 percent level of significance and it can be concluded

that there is negative correlation among the error terms.

Due to the visual examination showing a pattern and the Durban-Watson d test
concluding correlation among the residuals, autocorrelation is present in the model and

another regression must be run correcting for this phenomenon.
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Table 6.2 Nova Scotia Farmland Value Regression Corrected for Autocorrelation

Independent Variable Nova Scotia 1981-2009 Standard Error
January Temperature -8.86 9.72
April Temperature 23.48 19.59
July Temperature 17.38 16.48
October Temperature -0.63 15.02
January Precipitation -0.48 0.61
April Precipitation -0.02 0.49

July Precipitation 0.61 0.54
October Precipitation -0.49 0.40
Income 0.07 0.01*
Population Density 299.77 82.52*
Population Change % -14396.41 8095.84**
Constant -6743.14 1747.98*
R? 0.94

# of observations = 29, * indicates significant at 5%. **indicate significant at 10%.

Correcting for the autocorrelation of the regression presented in Table 6.1 by
specifying the correction, in the data program (EViews) used, provides the regression
presented in Table 6.2. The standard errors of the coefficients from Table 6.1 have been
reduced and the coefficient for population change is now significant and at the 10 percent

level of significance.
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Chapter 7: Conclusion

This paper was intended to infer about the relationship between agriculture and
climate change through examining the effects of changing climate variables on farmland
value. The value of the dryland farms in Nova Scotia was regressed on climate variables
and other exogenous variables to find that a problem of autocorrelation existed. The

problem was corrected with a new regression being estimated.

The climate variables of temperature and precipitation were concluded to have no
effect on the farmland value of the dryland farms in Nova Scotia as the coefficients of
temperature and precipitation were found to be insignificant. These results mirror the
results observed by Mendelsohn and Reinsborough in the study on Canadian dryland

farms in 2007.

Similar limitations to those of Mendelsohn and Reinsborough (2007) were faced
by the regression presented in this paper. The first limitation being the lack of soil data
available preventing the inclusion of relevant soil variables in the model. Repeated calls
to information officers at Agriculture and Agri-Food Canada, AgraPoint, Nova Scotia
Agricultural College and the Nova Scotia Department of Agriculture failed to produce
soils data for the province of Nova Scotia as it was said to be not available or nonexistent.
Without the inclusion of soils data and thus soils variables in the model, there is a
specification error with the model which could possibly pose problems with the results
and coefficients. Omitting relevant variables, soils variables in this case, from the model

of estimating farmland value could create the possibility of having biased coefficients,
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biased disturbance variance, biased coefficient variance estimators, and unreliable

confidence intervals and hypothesis tests.

Another limitation or concern faced is with the usage of market value per acre of
farmland (market value of land and buildings) as a proxy for the net productivity of
farmland. | am speculating that the market value per acre is not an efficient proxy for the
net productivity of farmland because there does not seem to be a strong theoretical

relationship between the market value of land and buildings to climate variables.

Both of the limitations mentioned are possible further research opportunities
beyond this paper. Once soils data has been observed and recorded, the model used in
this paper can be modified for the inclusion of soils variables. Further research can be
done for possible variables that would serve as a better proxy for agricultural productivity
and that is thought theoretically to have a strong relationship with changing climate
variables. Another possible future extension of this paper could be an examination of the
types of crops and livestock grown in Nova Scotia and whether those types are sensitive
to changes in water and temperature. If the type of crops and livestock in Nova Scotia are
insensitive to changes in water and temperature, this could serve as a reason for the
results in the model in this paper concluding that changing climate variables have no

effect on agriculture.
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