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Methods of Assessing the Impacts of
Climatic Change on Agricultural Land Use

*Rhoda Olanrewaju

LIMATIC change has been defined as the fluctuation in
weather average over a relatively short period of about
, one hundred years; while climate change connotes any form
of long term climatic inconsistency (Adeyemi, 2000). Both long
and short-term changes in climate bring unpleasant
repercussions on agricultural industries of the world as they
manifest in vulnerability of food production. Nigeria has been
described as most vulnerable to effects of climate change because
of its geographical location, among other factors. The impact of
severe flooding in Nigeria calls for serious attention. For instance,
n 1999, about 65 deaths were recorded, over 12 billion hectare of
armlands washed away resulting in an estimated farm produce
0ss of 100 million tons. Similarly, Nigeria has experienced severe
irought during the normal rainy season, which attracted
nternational attention and assistance (Adefolalu, 1999).

'he decimation inflicted by climate directly through weather
xtremes such as flood, drought and indirectly through the
nfestation of pests and diseases has almost cancelled the positive
les agriculture would have played in the food economy of
Nigerians. Thus, efforts should be directed towards mitigating
he negative climatic impact on agriculture. Such efforts require

* Olarewaju is of the Department of Gerography, University of Ilorin, Ilorin.
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close monitoring of climatic parameters and their vagaries,
especially as it affects agriculture. This chapter, therefore,
examines the appropriate techniques for research into climatic
change and agricultural land use types; with the following areas

under focus:

(a) Climate change, greenhouse gases and man;

(b) Interactions in the climate system and the consequences
on man;

(¢) Climate change and agricultural land use; and

(d) Assessment of agricultural impact on climatic change.

Climate Change, Greenhouse Gases and Man

Recent changes in climate have been linked to the increasing
concentration of green-house gases in earth’s atmosphere.
Naturally, some trace gases such as carbon dioxide (CO,), nitrous
oxide (N,0), tropospheric ozone (O,) and methane (CH,) do occur
in the atmosphere. Various anthropogenic activities have only
increased the level of these gases in the atmosphere and, in
addition, support emission of other artificial gases such as
chlorofluorocarbons. These gases affect the earth’s climate through
their influence on radiation balance. In fact, the transparency of
the atmosphere to short wavelength from the sun and its opacity
to long wave radiation from the earth is termed greenhouse effect.
This has been the major cause of global warming.

Growing awareness and increasing concern about the accumulation
of man-made green- house gases has resulted in a series of initiatives
such as the United Nation Framework Convention on Climate
Change (FCCC) and the Rio de Janeiro Conference in 1992. The
aim of these programmes is to avoid or at least reduce the
undesirable impacts of global climatic change on man’s
environment and socio-economic activities, mostly agriculture.
Models of atmospheric general circulation (GCMS) have been
used in some experiments designed to reflect the climatic
changes that are likely to result from increased levels of CO,
(Gates, 1985) and hence the level of warming expected in
future. These are:
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(a) Changes in avera
ge CO, levels have been studied b
& Igﬁearche.rs, for instance Schneider and Che;l (153},81(;1)5lny
anges in average sea level, Ti i :
| —————"y vel, Titus (1986), Warrick and
(¢) Changes in rainfall characteristics and temperature trends

— Sahsamanoglou and Makrogioni i
among others. akrogionis (1992), Ati (2003),

Man is vulnerable to cli
climate change induced by hi
y him, th
‘,;zraxjeness that prompted the World Meteorological Organiza(f
_ x: in 15f)92 to suggest for a better understanding of the climate
#ystem of human impacts and its impacts on man’s activities too.

:&pteractions in Climate System and the
. Consequence on Man

g e components of the climate system are the atmosphere

3 .‘ophere, cryosphere and hydrosphere and are driven b)lr) solax,'

- energy. A complex web of interactions exists within and amon

v ompon.ents. Gowon and Ononiwu (1999) emphasize t:hg
;eractlons between atmosphere and other subsystems 1E13

. iWater and vegetation of the earth, among others el

esponses frorfn these interactions vary over space. For instance

\ins ax_ld AdeJ.uwon (1994) observe that a low trend of rainfall’
OX ept in B.emn, and erratic rainfall onset and cessation occur"
i N1ger1aE. Again, a shift in climate towards aridity over

orthwest Nigeria and a reduction of the northward mig};'ation
_ITD‘(Inter—Tropical Disgcontinuity) have been noticed b
Ad edoyin (1989). The entire issues above correlate with chan. ey
N both natural terrestrial biomes and agricultural land useg )

atic Change and Agricultural Land Use

ne of man’s .activities that suffer the repercussion of climatic
lnge most is agriculture. Climate determines the types of
| cult.ural la.nd use engaged in by man, e.g. arable farlznin

tation agriculture, livestock grazing, fishery, etc. In arablge’

irming for instance, climati
Armir , climatic change may bri
ollowing, among others. i ioot irviribe
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(a) Regional shift in cropping pattern

(b) Determination of the size and configuration of farmlan(.i

(¢) Determination of the type, status and magnitude of crop
pests and diseases.

For example, the regional shift in livestock grazing currently
experienced in Niger Republic has a lot of bearing on the shift
in climate towards severe aridity. Also, animal pests and
diseases are climatically controlled. Changes in the marine
ecosystem on a global scale are less documented but it is evident
that artificial pollutants have invaded both the inland water
systems and deep seas. Variations exhibited by rainfall pattern
over Nigeria’s coastal area have been a critical factor affecting
agricultural production in general and fishing in particular
(Edafienene, 2003). These changes represent a threat to
agricultural resources. Thus, efforts are geared towards
assessing the agricultural impacts of climatic change for efficient
planning and decisions towards global food security in general
and Nigeria in particular.

Assessment of Agricultural Impact on Climatic Change

Any research work seeking a better understanding of impact of
climatic change on agriculture tends to examine the relationship
that exists between climate and agriculture. Various approaches
to doing this have been put forward by different scholars but
none has gained universal acceptance.

Smit, et al. (1988) recognize three approaches of assessing the
impacts of climatic change on agriculture. To these three, Bolin,
et al. (1991) add a fourth as follows:

(a) Crop Impact Analysis

(b) Marginal-Spatial Analysis
(¢) Agricultural-Sector Analysis
(d) Historical Case Study.

Crop Impact Analysis

This examines the possible effects of climatic change on crop
productivity level. It focuses on estimating the direct influence
of environmental variables (precipitation, temperature, relative
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humidity, sunshine hour, etc.) on crop yield. This approach has
been employed by many researchers such as Adefolalu (1986),
Olaniran and Summer (1990), Bello (1996), Owolabi and Adebayo
(2003), among others.

Marginal-Spatial Analysis

This approach examines the repercussion of altered climates
on the location of agricultural boundaries. It investigates the
possible spatial shifts in cropping pattern or other characteris-
tics of agriculture that resulted from climatic change. Spatial
shifts in cropping patterns occur to compensate for climatic
change. When this happens, two things may result:

(a) Expansion or contraction of farm size, which leads to
alteration of farmland configuration.

(b) Mismatch of environment and agriculture, leading to
mal-adapted agriculture.

In order to eradicate or at least limit crop-climate maladjustment,
it is necessary to:

(i) Identify and estimate the effects of climatic change on agri
cultural land use. This will involve identification and
qualification of environmental indices that limit spatial
extent of crop region. Olanrewaju (2004) employed this
method to explain the spatial shift observed in melon
production in the Guinea Savannah Zone of Nigeria.

(i1) Select the scenarios of science of climatic change and the
modification of meteorological records accordingly.
Williams, et al. (1980) used this method to investigate the
effect of climatic warming on farm income and profitability.

(iii) Calculate the effects of the key climatic constraints and the
resultant spatial shift in crop region. Newman (1980) and
Blasting and Solomon (1983) used the approach to identify
climatic warming as the key constraint that would displace
North American Corn Belt 175 kilometres per degree
Centigrade in a north-northeast direction.

~ Agricultural-Sector Analysis

Agricultural-sector analysis concentrates on estimating the
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range of impacts within and between agricultural regions. It
goes beyond assessment based on crop yield and spatial analyses
but provides information on many agricultural sectors for total
production, prices, trade patterns and employment.

Historical Case Study

Historical case study seeks to know what past experience says
about the agricultural impacts of climatic change. It involves
historical analogues that use responses to previous climatic
changes as a means of suggesting potential adjustments to
future climates. For instance, an attempt can be made by
researchers to gain an insight into the possible implications of
a climatic warming on agriculture (Rosenberg, 1982).

Research Techniques
Sampling Framework

The sampling framework describes the database and represents
the pattern of data collection within a study area. The selection of
the sampling points must cut across all ecological zones in such a
way that each of the climatic regions within such zones is adequately
represented for the collection of both climatic and agricultural data
which will be analyzed for valid conclusions. Importantly,
delimitation of the study area denotes the geographical extent of
the study area (i.e., both the latitudinal and longitudinal locations)
as well as location relative to political boundaries. Here, detailed
information of relief structure, drainage system, climate, soil and
present agricultural land use practices are required. However,
discussions should point towards exposition and proffering of
solution to the research problem.

Types of Data Required for the Study

Two major categories of data required for such investigation
are climatic and crop yield database. The source of these data
is a function of the method of investigation adopted. The
methods can be grouped into two classes:

Methods of Assessing the Impacts of Climatic Change onAgriculture 59

the phytotron method with various combinations of
temperature, air humidity, radiation and the length of the
day (Bello, 1996). In this method, the source of data is
primary because measurements and recordings of both
thermal and moisture indices values are carried out by the
researcher on a daily basis. However, some observations
are also made in greenhouse, in which case many of the
factors such as water, fertilizer, etc., are held optimum.

(ii) Statistical Methods: Under this method, data are extracted
from documented information and hence, described as
secondary source. Statistical methods used are obtained from
climatological, phenological and crop data archives.

The major climatic data crucial for crop growth and
development and hence spatial shifts in cropping pattern
are thermal and moisture indices. The thermal indices are

~ temperatures (minimum and maximum) °C, soil tempera-

ture and photo period (i.e. length of day). Rainfall, relative
humidity, soil moisture content, evaporation, etc., represent
moisture indices. Phenological data represent information
collected from the first stage of plant development through
its last stage of harvesting. For instance, most cereals have
five phenological stages of establishment, vegetativon,
flowering, grain filing and ripening.

Crop yield can be viewed from two perspectives of biomass
and yield per hectare (Bello, 1989). Biomass denotes plant
dry weight and is obtained by subtracting the oven-dried
value from the fresh weight. On the other hand, measure-
ment of crop it yield varies, based on the type and part of
crop being emphasized. For instance, in cereal grain it is
measured; in vegetable it is the total fresh weight; and tuber
is emphasized for root crop. Yield component is measured
in kilogram per hectare.

v

¥ I‘M'et.‘hods of Data Collection

: The two types of data described above should be collected for at
_“Q'l.ast thirty years, for which consistent records of yield,

(i) Experimental Research: This represents the type of research
in which the growth and development of crop is based on
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meteorological data are available simultaneously at all stations.
However, for experimental research, the period of data
collection may be limited to two years of constant and accurate
measurements and recording of both agro-climatological indices
and crop growth on daily basis.

Thermal indices such as temperatures (air and soil) are collected
in degree centigrade. Soil temperature is collected from various
depths, depending on root penetration extent of different Crops.
The range can be between 10cm and 50cm. Photo period is
recorded on hourly basis. For moisture indices, rainfall amount,
frequency, etc., are measured in millimetre (mm) while relative
humidity is measured in percentage. Soil moisture content is
also obtained from various depths of between 5cm and 100cm.
Some of the moisture indices that cannot be measured directly
are derived from the measured values of other indices. For
instance, actual evaporation from crop surfaces is determined
by lysimeter studies followed by the procedures of Kowal and
Stockinger (1973). Also, open surface water evaporation is
determined according to Penman’s (1948) formula. Others
include Actual Water Availability (AWA) which is equivalent
to the available rainfall plus the change in stored soil water.
Consumptive water by Crop is another index and has been
defined as:

ETcrop = K xE,
where,
ETXcrop. .= Crop Consumptive Water Use
K, £ Crop Coefficient
E, = Open Surface Water Evaporation

Doorenbus and Pruit (1984) in Bello (1996).

There is need to relate the climatic attributes of the study area
to the climatic requirements of such crop from planting to
harvesting period. Thus, agro-climatological indices for crop
growth described above are measured according to phenological
stages of the crop with the aim of identifying which climatic
indices are responsible for a displacement of one crop type by
another.

Analytical Framework

Researchers examine the dependency of the crop yield on
meteorological factors. Various quantitative methods are used for
estimating and predicting the yield and cropping pattern. The
tommon statistical analyses employed are correlation and
regression (Bello, 1993), among others. For instance, a correlation
analysis shows which climatic variable is significant at different
levels, while multiple regression reveals critical climatological
Variables that account for variation in yield over space. Both
Wrrelation and regression methods are statistical tools used for
“measuring strength of association between variables which may
ead to prediction of the values of dependent variables. For an
vestigation of this nature, crop yield forms the dependent

(Btations). Finally, a linkage tree for the agro-climatic stations
0f the study area can be drawn to illustrate the relationship
between station points. From this, spatial pattern of the
ifferent homogeneous regions for each crop type can be
repared. However, for marginal spatial analysis, the use of
tial analysis is employed. The techniques involves

lentifying analogue regions that are in another region given
M future climatic condition of such region, e.g. climatic warming
Newman 1980, Blasting and Solomon 1984).

urthermore, to specify with greater precision the connections
between climates, climatic risks, yields and farm decisions, the
Op-climate model may be simulated. The simulation model is
developed by combining a set of mathematical equations based

Ol experiments or knowledge of specific plant processes such as
Photosynthesis, respiration and transpiration and their
teractions with the environment (Williams, et al. 1998) as cited
Smit, et al. 1988).
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The conclusion of the study, which is expected to surpmarize
the main findings, must be emphasized. Also, suggestuons are
made for further research on the issue(s) researched into.

Summary and Conclusion

The climate of Nigeria has not only changed but Nl.gen'a is
vulnerable to its impact. Agricultural land use of ngerla' is
climate-determined and, therefore, subject tq climate vaganesf
of different scales. Hence, the approp_rlatt? methods od
investigating the relationship betwee:n climatic change an
agricultural land use type were d1§cpssed .under maJoz
approaches in this chapter. Howev'er, it s glar'lng _from m:)}i:
agro-climatological researches carried out in ngerla that de
use of the marginal-spatial analysis and the historical case §tu dy
techniques are the most unpopular of all the methods 11;te .
Nigerian researchers in agro-clixpatolqu are, there olr)'et,
encouraged to adopt all methods avallablf: in seeklpg to com af
the negative roles climate plays on ag‘rlcgltural industries o
Nigeria. This will guarantee food security in the country.
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