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The agricultural crops of Misamis Occidental are not
exempted from the effects of climate change, hence, it is
necessary to assess and map-out the key crop commodities in
KEYWORDS
terms of their suitability in the future. Five major crops from
Crop suitability; Multi-criteria
Decision Analysis; Analytical
the Philippine Statistics Authority (PSA) and from the
Hierarchy Process; Climate change
Department of Agriculture (DA) were identified and
validated by the community stakeholders. These are lowland
rice, coconut, banana, cassava, yellow, and white corn. Crop vulnerability and suitability mapping
were based on flood and landslide hazards prevalent in the area, biophysical factors together with
baseline, and future agro-climatic data. The data were examined and simulated based on Multicriteria Decision Analysis using Analytical Hierarchy Process in ArcGIS Software Version
10.8.1. Contemporary and future climate projections were derived from downscaled Global
Climate Models GCMs and represented by 2050 time-period and two-emission scenarios as
described in the 2007 Intergovernmental Panel for Climate Change. Representative Concentration
Pathways 4.5 (medium case scenario) and 8.5 (worst case scenario). The simulation model
indicates that these five major crops are not feasible in upland areas (RCP 8.5). However, the
trend for corn and banana is moderately suitable in low-lying areas provided that the temperature
is higher than the total crop requirement. Planting of cassava, coconut, and rice in low-lying areas
has a moderate to high suitability under RCP 8.5. Overall, this study provides prediction on the
status and conditions of crops which may adapt and are suitable in low-lying areas but not in
upland areas in the future. However, these findings suggest that a thorough monitoring in the field
must be done to ensure the crop suitability over the changes of weather pattern.
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INTRODUCTION
Global warming is the gradual heating of the Earth's surface, oceans, and
atmosphere. It is a continuing shift in weather conditions identified by variations in
temperature, precipitation, wind, and other indicators. Since the 1800s, scientists have
documented the rise in average temperatures worldwide. According to the
Environmental Protection Agency (EPA), the Earth's average temperature has risen by
1.4°Fahrenheit (0.8°Celsius) over the past century. Also, temperature is projected
continuously to increase from 2 to 11.5°F (1.133 to 6.42°C) over the next 100 years.
Hence, agricultural crops are one of the aspects which are affected and expected to
bring changes in the habitat range. This is due to the fact that agricultural production
systems are highly sensitive to short-term changes in weather and to seasonal, annual,
and longer-term variations in climate (Challinor et al., 2017; Ray et al., 2015;
Holzkämper et al., 2011).
As a result, weather pattern changes can alter crop suitability in a region
(Ramirez-Cabral and Kumar, 2016; Chemura et al., 2015). The changing of weather
pattern is frequently expected with series of intense events. In line with this, there are
different bioclimatic factors together with other physical and management factors
which are expected to influence crop suitability of an area. Morton (2007) emphasized
that significant impacts of global climate change will be felt among the populations of
“subsistence” or “smallholder” farmers predominantly coming from developing
countries. Being a tropical and an agriculture-based country, the Philippines is
undoubtedly expected to be highly affected by climate change (Lansigan and
Salvacion, 2007) and the province of Misamis Occidental is not exempted from this. In
fact, slow onset hazards have been observed and continually affecting the crop
production. These include saltwater intrusion in the rice field, low supply of irrigated
water for rice, and pest infestation. Henceforth, the purpose of this study is to simulate
and assess suitability of key crop commodities in Misamis Oriental over the effects of
weather changing patterns.

MATERIALS AND METHODS
Suitability Mapping
Five major crops were identified namely: lowland rice, coconut, banana,
cassava, yellow and white corn from the Philippine Statistics Authority (PSA) and the
Department of Agriculture (DA) (2016). These were validated by the community
stakeholders of Misamis Occidental (Figure 1). The crop suitability for each of the

Consolacion et al.: Sustainability Mapping of Key Crop Commodities… 73

crops was analyzed using Multi-criteria Decision Analysis using Analytical Hierarchy
Process (AHP) in ArcGIS. The minimum datasets include (A) contemporary climate
data from WorldClim database which was developed by Hijsman et al. (2005). It has
average monthly climatic gridded data for 1950-2000 with spatial resolution at
approximately 1 km2 or 30 arc seconds (Hijsman et al., 2005); (B) future bioclimatic
variables from available Global Climate Models also known as Global Circulation
Models GCMs; (C) biophysical factors such as elevation, percent slope, soil
classification in terms of texture and land use classification (LUC); and (D) most
prevalent hazards in the province, which are the flood and landslide, were all utilized
for SDM.

Figure 1. Map of the province of Misamis Occidental.
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Moreover, this study specifically utilized only the Annual Mean Temperature
(BIO1) and Annual Precipitation (BIO12). In GIS pre-processing, the bioclimatic and
physical factors were assigned with numeric values ranging 1 to 5, with 1 as the lowest
value and 5 as highest (varied from crop to crop) using Pairwise Comparison Matrix
(Saaty, 1980) with range modification from 1-9 to 1-5. These correspond respectively
to Very High Suitability, High Suitability, Moderate Suitability, Low Suitability and
Very Low Suitability. Soil texture of sand, silt, clay, sandy clay, loamy are given
corresponding value with reference to the crop’s preference. In the weighted overlay
percent distribution, the value varied from crop to crop depending on its degree of
sensitivity to certain factors. For example, rice is more sensitive to temperature
compared to coconut thereby given higher weight for temperature compared to the
latter among the rests of the factors. The potential ranges of habitability of the crops
changed as there were changes in the climatic variables. It is important to note for
model interpretation the changes in the temperature and rainfall from the baseline
(current) to year 2050 given with medium and worst case (Representative
Concentration Pathways or RCP 4.5 and RCP 8.5, respectively). Criteria used in the
model are presented in Table 1.
In ArcGIS model builder environment, pre-processes were done such as
adjustment to same spatial extent and resolution followed by the entry of the raw data
in the model builder. The entry data also undergoes reclassification processes in order
to assign rating values to range values. Weighted Overlay was performed for the data
entries with factors including slope, elevation, rainfall, temperature, soil classification
and landcover with values of weight based on the result from conducted PCM Analysis.
From the process a suitability map was generated for each iteration (Figure 2). Separate
model iterations were done with suitability result from biophysical and environmental
variables combined with flood and landslide hazards. A total of 4 iterations were run
in the model builder per crops; baseline, RCP 4.5, RCP 8.5 and, combined baseline and
hazards for 1 time-period (2050).

RESULTS AND DISCUSSION
The suitability modelling and analyses showed that most of the major crops
except for rice were restricted in the uppermost parts of the province of Misamis
Occidental where Mt. Malindang Range Natural Park is located. The generated maps
further showed increasing restricted areas from baseline to baseline plus hazard
scenarios with some variations on the restrictions as well as on suitability extents at
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spatial scale. The following are the crop-specific patterns generated from the suitability
mapping.
Table 1. List of criteria used in the crop suitability model for the five major crops of
Misamis Occidental (adapted after: Philippine Coconut Authority, 2016 and
International Rice Research Institute, 2016).
Banana (Musa
sp.)

Coconut
(Cocos
nucifera L.)

Yellow and
Lowland rice
white corn
(Oryza sativa L.) (Zea mays
L.)

Musaceae

Arecaceae

Poaceae

Poaceae

Euphorbiac
eae

Temperature 16-30
(0C)

24-29

20-30

35-37

25-29

Annual
Rainfall
(mm)

2000-2500

1500

1500

500-800mm

1000-1500

Soil Texture

Preferred
fertile, deep,
and welldrained loam
soil

Sandy, loamy, Broad alluvial
clayey (with
plains and collugood structure) alluvial terraces

Grows well
open moist
soils but less
so on
heavily
dense clay
and very
sandy soils

Preferred
sandy loam
soil; good
drainage

Slope (%)

0-25

Sloping to
undulating
lands

0-8

0-8

0-8

Elevation
(m)

0-500

< 600

0-100

0-500

<1000

Crop

Family
Name

Cassava
(Manihot
esculenta)

Rice Suitability
The suitability map for Misamis Occidental showed at least 51% of total land
area is moderate to highly suitable for rice production. Lowland areas appear to have
the highest suitability. A medium to worst scenario modelling with the increase of
greenhouse gas RCP 4.5 and RCP 8.5 in year 2050 showed a significant reduction to
34% and 24% respectively making the area less suitable (Figure 3). As projected, there
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will be a moderate to high rice suitability in areas when natural hazard such as flooding
and soil erosion are added.

Figure 2. Sample process flow in ArcGIS Model Builder Environment (hazard factors
not combined in this iteration).
In contrast, many parts of the northernmost coastal areas would become
restricted. The overall results indicate that climate related disturbances could alter the
rice production in Misamis Occidental in disparate ways either positively or negatively.
Many areas could become less suitable for rice with the intermittent temperature and
rainfall. This condition may not be true in other areas. The hazards, such as landslide
and flood, can naturally convert less suitable areas towards increased suitability and
can convert some suitable areas to restricted ones. It should be noted that when worse
scenarios occur (from baseline to RCP 8.5.), the suitability of rice production in the
coastal area decreases. This could be due to possible cumulative effects of increasing
temperature and rainfall to coastal flooding which could lead to saltwater intrusion in
the rice fields (Shereen et al., 2005). Rice, like any other agriculture crops, has
suitability limits in many aspects including requirements on weather, soil, elevation,
and water availability (Munns et al., 2006). Beyond these limits, rice crops will
generally respond, and the direction of response could vary from place to place
(Shereen et al., 2005).
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Figure 3. Suitability map for rice production in Misamis Occidental integrating
RCP4.5, RCP 8.5 and hazard in the baseline data.
Coconut Suitability
The suitability map for coconut in Misamis Occidental is shown in Figure 4.
Coconut is the only major crop that has moderate to high suitability in the area as
compared to other crops. This is, however, reduced with flooding and soil erosion to
54% from 75% of the total land area. The situation in the different municipalities is
not similar. In the Municipality of Plaridel, it was highly affected by hazard, thereby
reducing suitability to 44% instead of 85%.
There are more restricted areas in the province for the said crop even though it
is adapted in a moderate and well-drained area. However, the recent findings of the
map with baseline+ hazard indicated that the areas for coconut production will be
affected by intermittent climate. As a result, planting of coconut trees near the mountain
or upland areas would not be feasible in a worst-case scenario due to some hazards
such as landslides caused by increasing level of annual rainfall. On the other hand,
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some of the low-lying areas particularly in the coastal vicinity would be viable for
coconut production due to higher sedimentation or deposition of soil (rich in organic
matter) from the upland area; sedimentation maybe brought by landslide or other
related natural events/activities. There is also a possibility that these coconut trees
would be infested with Brontispa spp. or commonly known as Cocolisap which is
rampant nowadays. The occurrence of this pest would prevent the coconut to bear fruits
since pest proliferation would be hastened by the increasing rainfalls.

Figure 4. Suitability map for coconut production in Misamis Occidental integrating
RCP 4.5, RCP 8.5 and hazard in the baseline data.

Banana Suitability
Figure 5 shows the suitability mapping of banana in Misamis Occidental. The
data shows that the province has a moderate suitability for banana. Most of the coastal
areas are restricted or not feasible for growing banana (2050 RCP 4.5 and 8.5,
respectively). However, as rainfall and temperature changes from minimum to
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maximum level, selected coastal areas are likely to be feasible for banana due to the
deposition of soils carried by landslide and flooding near the river banks. Therefore,
the soil sediments from upland areas are shifted and accreted to low-lying areas which
are known to have good quality of nutrients sufficient for banana production.
Meanwhile, the increasing levels of temperatures for banana (2050 RCP 4.5 and 8.5)
could also result to more areas feasible for growing banana. Hence, the threat of
producing fewer yields from banana may not be a major problem. However, higher
temperature means greater water demand which is projected to increase by 12 to 15
percent out of the total requirements. This would threaten and compete with crops such
as coconut that are often grown with bananas.

Figure 5. Suitability map for banana production in Misamis Occidental integrating
RCP4.5, RCP 8.5 and hazard in the baseline data.
Corn Suitability
The suitability modelling of corn has shown that Misamis Occidental is in
moderate status from the baseline data up to the worst-case scenario of climate change
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(Figure 6). This result could be attributed to the characteristics of the corn which can
subsist and thrive in less than 45°C. In fact, corn is a C4 plant. This means that it has
a higher optimum temperature than C3 plants (e.g. rice), and photosynthetic rates of C3
decreases beyond 30-35°C. Hence, the CO2 concentrating mechanism in C4 species
allows the leaf to maintain high photosynthetic rate at lower intercellular CO2 values,
and in hot dry climates the C4 cycle reduces photorespiration and water loss (AlfonsoAlejar and Dionisio-Sese, 1999). Further, the increasing atmospheric CO2
concentration as well as the annual temperature of Misamis Occidental as one of the
effects of climate change seems to have a positive effect since it would result to higher
photosynthetic activities for corn. Thus, more areas in the low-lying levels can generate
higher yields from corn. Higher photosynthetic activity would mean higher production
of photosynthates, which are then converted to different dry matter or plant products
(Lansigan and Salvacion, 2007). On the other hand, corn may be exempted from the
fluctuating effects of temperature but not in increasing levels of annual rainfall. With

Figure 6. Suitability map for corn production in Misamis Occidental integrating
RCP4.5, RCP 8.5 and hazard in the baseline data.
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the combined results of baseline + hazard of the corn suitability map, more areas in
upland are not feasible anymore in corn plantation that could be due to higher amount
of rainfall.
Cassava Suitability
The suitability modelling map for cassava yielded varied results in which
restriction status is highly manifested in upland areas upon the combination of baseline
and hazard data (Figure 7). However, moderate to high suitability is exhibited in some
low-lying areas including the coastal areas. These variations may be attributed to the
different growth responses in relation to the adaptability of cassava in Misamis
Occidental. Cassava is known to adapt better than other crops to poor soils in marginal
lands and to water stress and adverse climatic conditions. With its deep root system, it
can tolerate dry weather for a longer period (FAO, 1997). In other words, cassava may
thrive and yield more in fluctuating rainfalls. But with the advent of annual increase of
temperature, cassava production in the province is not spared from toxicity problems.

Figure 7. Suitability map for cassava production in Misamis Occidental integrating
RCP4.5, RCP 8.5 and hazard in the baseline data.
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The results of crop suitability in Misamis Occidental may bring changes in land
suitability and crop growth due to changes in temperature. These changes will be
qualitative as well as quantitative. A higher temperature may result in land becoming
unsuitable for specific crop but more suitable for other crops. The overall effects of
climate-induced changes in land and crop suitability and yields are small compared
with those stemming from economic and technological growth according to Food and
Agriculture Organization (1997).
Moreover, the rise in atmospheric concentrations of carbon dioxide not only
drives global warming but can also be a positive factor in tree and crop growth and
biomass production. It stimulates photosynthesis (the so-called CO2 fertilizer effect)
and improves water-use efficiency (Bazzaz and Sombroek, 1996). Up to 2030, this
effect could compensate for much since all of the yield reduction coming from
temperature and rainfall changes. Recent work in the United States suggest that the
benefits from CO2-induced gains in water-use efficiency could continue until 2095
(Rosenberg et al., 2001).
However, studies show that the impact of climate on agriculture especially on
crop yields and Global Agro-ecological Zones (GAEZ) for suitability do not always
agree (Iglesias and Rosensweig, 2009). For example, the GAEZ model predicts the
overall suitability of land in SE Asia will decrease with climate change; however, the
crop yield simulations predict that climate change will boost its yields (with
adaptation). It is possible that the suitability of land generally decreases in upland areas,
but the yield on cropland increases with the higher temperature in lowland assuming
that sufficient irrigation water is available. The differences between the model results
may also be due to structural differences between the methodological formulations of
the models (structural uncertainty) (Bajželj et al., 2014).

CONCLUSION
The suitability mapping of the five major crops generally showed disparate
effects of increasing natural disturbances to the extent of crop production across space
(areas). Specifically, most of these crops are not feasible in upland areas in RCP 8.5.
Meanwhile, a moderate suitability of corn and banana were observed in low-lying areas
given that the temperature is more than the total crop requirement. However, both corn
and banana are relatively affected by higher rainfall (RCP 8.5). Moreover, planting of
cassava, coconut, and rice in low-lying areas has a moderate to high suitability under
RCP 8.5 (worst case scenario). Therefore, these five major crops in Misamis Occidental
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may subsist and become adaptable and suitable amidst the worse effects of climate
change in low-lying areas but not feasible in upland areas. However, these findings
suggest that a thorough monitoring in the field must be done to ensure the crop
suitability over the changes of weather pattern.
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