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Abstract: This study assessed the spatio-temporal changes in corn climatic suitability in the Philippines under future
climate condition. Using extracted climatic data from WorldClim database for the country under baseline and future
climate condition, changes in corn suitability was assessed using fuzzy logic approach and published rainfall and
temperature requirement of the crop. Based on the data, the large portion of the country will experience increase in
monthly total rainfall (88%) while increase in monthly mean and minimum temperature under future climate condition is projected for the entire country. These increases in rainfall and temperature resulted in changes of corn climatic
suitability in the country depending on the month and location. On the average, changes in rainfall resulted in reduction (8%) and improvement (6%) in corn suitability while increase in temperature resulted in 5% and 0.4% reduction
and improvement, respectively.
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Introduction
Corn is considered the second most important crop and principal source of income for
about 24 million families in the Philippines
(Fig. 1) (delos Santos et al. 2007, Gerpacio 2004,
Lansigan et al. 2007). According to the report
of the Philippine Statistics Authority (PSA-BAS
2015), in the year 2014, around 2.6 M ha of land
in the country were planted with corn resulting to 7.7 million tons of corn production with
an estimated value of Php 41.3 billion (approximately USD 867 million). Yellow corn in the
country is the primary source of material for

animal feed industry while white corn serves
as important staple substitute for rice (Gerpacio
2004). According to Gerpacio et al. (2004) and
delos Santos et al. (2007), corn production losses in the country is mainly due to flood and
drought.
Changes in the characteristic and pattern
of weather due to climate change are expected
to impact agricultural production (Antón et al.
2013, Ewert et al. 2015, Holzkämper et al. 2015,
Kim et al. 2016, Ko et al. 2014, Ko, Ahuja 2014).
This is due to the fact that agricultural production system is highly sensitive to short-term
changes in weather and to seasonal, annual and
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Fig.1. Location map of the Philippines (Data source: R maptool package).

longer term variations in climate (Challinor et
al. 2007, Holzkämper et al. 2011, Ray et al. 2015,
Sivakumar,Hansen 2007). Direct effects of climate change on agricultural crop production can
be divided into two parts. First, climate change
affects crop yield because changes in rainfall and
temperature affect crop growth and development
(Antón et al. 2013, Ewert et al. 2015, Holzkämper
et al. 2015, Islam et al. 2012, Kim et al. 2016, Ko
et al. 2014, Ko,Ahuja 2014, Yan-Ling et al. 2012).
Second, changes on existing climate in an area
can alter crop suitability in the region (Bonfante
et al. 2015, Chemura et al. 2015, Jayathilaka et al.
2012, Lane, Jarvis 2007, Ovalle-Rivera et al. 2015,
Ramirez-Cabral et al. 2016, Wang et al. 2015,
Zabel et al. 2014).
Being an agricultural country and located in
the tropical region, the Philippines is expected to
be highly affected by climatic change (Lansigan,
Salvacion 2007). Several studies have already
been conducted to assess the impact of climate
change on crop yield in the country (Buan et al.
1996, Centeno et al. 1995, Salvacion 2009, 2015).
On the other hand, studies conducted to determine the effect climate change on crop suitability in the country are minimal (e.g. Salvacion,
Martin 2016).

Different methodological techniques have
been developed for evaluating of crop suitability
in an area. These techniques ranges from simple
approaches based temperature and rainfall during the crop growing period (Hijmans et al. 2003,
Ramirez-Villegas et al. 2013) to complex criteria
requiring different information on climate and
soil or simulation using dynamic crop models
(Braimoh et al. 2004, Confalonieri et al. 2013,
Hijmans et al. 2003). However, availability of input data limits the adoption of specific technique.
A soft-computing methodology, fuzzy logic
provides quick, simple, and sufficient solution
while allowing for impreciseness, sub-optimality,
and vagueness (Chen, Paydar 2012, de Carvalho
Alves et al. 2011, Dubey et al. 2013, Lewis et al.
2014). This makes it flexible and simple to understand, enabling a specialist to easily incorporate
his expertise and develop models of complex nonlinear functions (Chen, Paydar 2012, de Carvalho
Alves et al. 2011, Dubey et al. 2013, Lewis et al.
2014). Also, other than its ability to combine qualitative and quantitative information, developing
model using fuzzy logic can be done without
precise quantitative measurements (Kampichler
et al. 2000, Kim, Beresford 2011, Salvacion et al.
2015, Scherm 2000). Numerous studies used
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fuzzy logic for crop suitability assessment (e.g.
Balezentiene et al. 2013, Braimoh et al. 2004, Joss
et al. 2008, Kurtener et al. 2008, Lewis et al. 2014,
Papageorgiou et al. 2009, Reshmidevi et al. 2009,
Sicat et al. 2005, Triantafilis et al. 2001, Van Ranst
et al. 1996, Xiao Zhang and Ximing Cai 2011, Zhao
et al. 2015). According to Lewis et at. (2014), continuous membership value (between 1 and 0) is
assigned for each criterion (e.g. rainfall and temperature) in using fuzzy logic for suitability assessment. Membership values approaching 1 are
considered more suitable while membership values approaching zero are considered less suitable.
This paper assesses the spatio-temporal patterns of changes in climatic suitability of corn
in the Philippines using fuzzy logic approach
and the publicly available WorldClim database
(Hijmans et al. 2005) under current and future
climate change condition.
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were downscaled from most recent Global
Circulation Models (GCMs) projection for the year
2050 (average for 2041–2060) and 2070 (average
for 2061–2080). WorldClim database (Hijmans et
al. 2005) has been widely used for different suitability assessment (e.g. Mighty 2015, Naughton
et al. 2015), climate, and climate change impact
studies (e.g. Alamgir et al. 2015, Cordovez et al.
2014, Cuervo et al. 2015, Fand et al. 2014, Fischer
et al. 2011, Kim, Beresford 2011, Kroschel et al.
2013, Orlandini et al. 2003, Rübbelke, Vögele 2011,
Salvacion et al. 2015). In the case of this study,
the 2.5 arc-minutes (~5 km2) WorldClim monthly
climate surfaces (i.e. rainfall, mean temperature,
minimum temperature) were chosen for computational purpose while future climate projections
(averaged from 18 GCMs) for RCP 8.5 (Riahi et al.
2011) scenario for the year 2050 (average for 2041–
2060) was used for the assessment.

Fuzzy suitability mapping

Methodology
Data
Baseline and future climate condition used in
this study were extracted from WorldClim database (Hijmans et al. 2005). WorldClim is a set of
global climate surface (climate grids) of monthly
precipitation (total) and temperature (minimum,
mean, and maximum) with a spatial resolution
of about 30 arc-seconds (~1 km2) (Hijmans et al.
2005). Other spatial resolutions of WordClim database include 2.5 arc-minutes (~5 km2), 5.0 arc-minutes (~10 km2), and 10 arc-minutes (~20 km2) resolutions. WorldClim baseline climate surfaces were
products of interpolating monthly averages of
climate, mostly for the period 1950–2000, from different weather stations across the globe (Hijmans
et al. 2005) while future climate change conditions

First, fuzzy suitability assessment was done
using the climatic parameters (Sys et al. 1993) in
Table 1 using fuzzy trapezoidal function for each
month of the year as the start of growing period.
For example, calculating corn suitability based
on rainfall for crop sown during the month of
January involved calculation of fuzzy suitability
for TRM1 (based on the rainfall during January),
TRM2 (based on the rainfall during February),
TRM3 (based on the rainfall during March), TRM4
(based on the rainfall during April) and TRGP
(based on the total rainfall during the month of
January to April). Then, the calculated suitability
for each of the rainfall parameters were combined
using the weighted sum approach (Table 2) based
on the effect of water stress during the crop growing period (Çakir 2004). Higher weights were
given to TRM3 and TRM4 because these coincide

Table 1. Climatic parameters for corn suitability assessment adopted from Sys et al. (1993).
Absolute Optimum Optimum Absolute
Minimum Minimum Maximum Maximum
Total rainfall during the growing period (TRGP)
300
500
1200
1600
Total rainfall during the first month (TRM1)
60
100
295
475
Total rainfall during the second month (TRM2)
70
150
310
475
Total rainfall during the third month (TRM3)
70
150
310
475
Total rainfall during the fourth month (TRM4)
60
100
285
475
Average mean temperature during the growing period (AMTP)
14
18
32
40
Average minimum temperature during the growing period (AMTNP)
7
12
24
30
Parameters
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Table 2. Weights use for calculating corn suitability
based on rainfall.
Rainfall parameter
TRM1
TRM2
TRM3
TRM4
TRGP

Weight
0.10
0.10
0.40
0.30
0.10

Fuzzy suitability interval
0.00–0.39
0.40–0.59
0.60–0.84
0.85–1.00

with corn growth stages (i.e. tasselling, and ear
formation) which is critical to water stress condition (Çakir 2004).
In the case of temperature, fuzzy suitability
was calculated based on AMTP parameter using
the average mean temperature (AMTP) and average minimum temperature (AMTNP) during the
growing period. For example, for corn sown on
the month of January, suitability was calculated
from the average mean temperature and average
minimum temperature from month of January
to April. Corn suitability based on temperatures
was derived using the minimum between AMTP
and AMTNP calculated suitability. Fuzzy suitability for rainfall and temperature was classified
into not suitable, marginal, moderate, medium,
and high based on the computed fuzzy suitability value (Table 3). Fuzzy suitability calculation
based on rainfall and temperature was done both
for the baseline and future climate change condition to determine potential changes in suitability
due to climate change. Also, suitability changes
for rainfall and temperature were considered
separate to determine the potential effect of the
changes on each variable under future climate
change condition.

where:
x is climate surface value,
a is the minimum absolute value of the
parameter,
b is the minimum optimum value of the
parameter,
c is the maximum optimum value of the
parameter,
d is the maximum absolute value of the
parameter.

Table 3. Fuzzy suitability interval used for climatic
suitability classification.

climate
climate
climate
climate

Suitability classification
Not Suitable
Marginal
Moderate
High

Results and Discussion
Baseline climate condition
Total monthly rainfall
Under the baseline climate condition (1950–
2000), total monthly rainfall in the country varies
from 2 mm to 1077 mm. Most part of the country received less than 300 mm of rainfall during
month of December to May, except in southeastern part where the observed rainfall were
more than 400 mm. According to the Philippine
Atmospheric, Geophysical and Astronomical
Services Administration (PAGASA 2017), the
month of December to May were considered as
the dry season. Meanwhile, during the month of
June to November larger portion of the country
received higher amount of rainfall (> 300 mm).
The month of June to November were considered
as the rainy season in the Philippines (PAGASA
2017). Also, most of the typhoons in the country occur during these period (Cinco et al. 2016).
Figure 2 shows the monthly spatial distribution
of rainfall in the Philippines under baseline climate condition (1950–2000).
Average monthly mean, and minimum
temperatures
The average monthly mean temperature in
the Philippines under baseline climate condition
ranges from 24.18°C (January) to 26.65°C (May).
Throughout the year, the average monthly mean
temperature in the country is above 25°C except during the months of December, January,
and February. Colder temperature during these
months is due to the cold air stream brought by
Northeast Moonson (Deppermann 1954). The
average monthly minimum temperature shows
similar pattern as the average monthly mean temperature. The lowest monthly minimum temperature was calculated during the January (20.02°C)
while the highest was calculated for the month
of May (22.18°C). Meanwhile, distinct lower
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Fig. 2. Spatial distribution of average total monthly rainfall in the Philippines under baseline climate condition
(1950–2000).

Fig. 3. Spatial distribution of average mean monthly temperature in the Philippines under baseline climate
condition (1950–2000).
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Fig. 4. Spatial distribution of average minimum monthly temperature in the Philippines under baseline climate
condition (1950–2000).

Fig. 5. Spatial distribution of projected changes in average total monthly rainfall in the Philippines under future
climate condition (2041–2060).
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temperature can be observed in the mountainous
portion of the northwestern part country during
the months of January and February. According
to Jose et al. (1996) elevation highly influence
temperature in country. Colder temperatures
were observed on higher elevation compared
to those in the low-lying areas. Figures 3 and 4
show the monthly spatial distribution of average
monthly mean, and minimum temperature.

0.11 mm to 145 mm. Higher increase in rainfall
were observed on the eastern portion. Historical
changes in rainfall has been observed in the country based on weather station records (Cinco et al.
2014). However, although increase in trends was
observed for intensity and frequency of extreme
rainfall events for most weather stations in the
country, a small portion of these station shows
statistically significant trend (Cinco et al. 2014).

Projected changes in climate

Changes in average monthly mean temperature
Average monthly mean temperature is projected to increase for the entire country under future
climate condition. Similar to rainfall, increase in
average monthly mean temperature varies across
location and month (Fig. 6). Higher increases in
average monthly mean temperature were projected on the eastern portion of the country during
the months of October to February while on the
western portion of the country; these were projected during the months of June to September.
The highest increase in temperature (7.2°C) was
projected on the western portion of the country
during the month of August. According to Cinco
et al. (2014), mean temperature in the country
consistently rises since the 1978 with observed
anomalies reaching 0.1°C to 1.0°C in the 1990’s.
However, the range is projected to increase with
monthly mean temperature in the country reaching more than 1.5°C during the month of May to
December in the future.

Changes in total monthly rainfall
Total monthly rainfall is expected to change
across the country under future climate condition. The magnitude of change varies across location and months (Fig. 5). Large portion (88%)
of the country is projected to experience increase
in rainfall. From the month January to March,
increases in rainfall were projected on the central and southern portion of the country. On the
average, projected increase during these months
were 24 mm, 12 mm, and 14 mm, respectively.
However, higher spatial variation in the change
in rainfall was observed during January (–11 mm
to 154 mm) compared to February (–7 mm to 117
mm) and March (–8mm to 92 mm). For the month
of April, minimal change in rainfall was observed
for most part of the country. The projected change
in rainfall during this month ranges from –9 mm
to 29 mm with mean of 2 mm. For the months of
May to July, increase in rainfall is projected for
almost the entire country. During these months,
the average increases in rainfall were around 15
mm, 22 mm, and 30 mm, respectively. Higher
spatial variation in the projected increase in rainfall was observed for the month of July (7 mm to
81 mm) compared to June (6 mm to 72 mm) and
May (–7 mm to 37 mm). For the month of August
and September, increase in rainfall is projected
for almost the entire Philippines, except on the
southwestern part. Projected maximum decreases
in rainfall during these months were around –10
mm and –20 mm, respectively. For the month of
October and November, increases in rainfall were
observed only on the northern and central portion
of the country. Increases in monthly total rainfall
in the country during these ranges from 0.05 mm
to 24 mm, and 0.05 mm to 43 mm, respectively.
For the month of December, increase in rainfall
was projected for the entire country, ranging from

Changes in average monthly minimum
temperature
Spatial and temporal (Fig. 7) pattern of increase in average monthly minimum temperature in the Philippines resembles similar pattern
as the increase in average monthly mean temperature. This is due to the fact that average monthly mean temperature is derived from the average
monthly minimum temperature and average
monthly maximum temperature. However, it can
be noted that higher increase in average monthly minimum temperature is projected under future climate condition. On the average, increase
in monthly minimum temperature during the
month of August to November is more than 2°C;
with the highest projected temperature (7.4°C)
observed during the month of August. An increase more than 0.5°C in minimum temperature
was observed in the country at the start of the 21st
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Fig. 6. Spatial distribution of projected changes in monthly average mean temperature in the Philippines under
future climate condition (2041–2060).

Fig. 7. Spatial distribution of projected changes in monthly average minimum temperature in the Philippines
under future climate condition (2041–2060).
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century while the highest increase in minimum
temperature (1°C) in the country was observed
during the 1997–1998 period (Cinco et al. 2014).

Projected change in corn climatic
suitability
Rainfall Suitability
The effect of projected changes in total monthly
rainfall on corn suitability (Fig. 8) in the country
under future climate condition also varies across
months and location (Fig. 9). However, only small
portion of the country are projected to have either
improve (6%) or reduce (8%) rainfall suitability
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(Table 4). Out of these small portions with projected changes in rainfall suitability, higher percentage of decline was observed in most months
of the year (8 out of 12). The highest proportion
of decline in rainfall suitability was calculated for
the months of April (17%). During this month,
Marginal to Not Suitable (4.4%) and Moderate
to Marginal (3.8%) changes in suitability were
projected on the middle north and northeastern
part of while High to Moderate (8.8%) changes
in rainfall suitability were projected on the other
part of the northeast, central, and to southeastern
portion. Meanwhile, there is higher percentage of
areas with improved suitability versus areas with
declined suitability projected during the months

Fig. 8. Monthly spatial distribution of climatic suitability of corn based on rainfall in the Philippines under
baseline condition.
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Fig. 9. Monthly spatial distribution of changes in climatic suitability of corn based on rainfall in the Philippines
under future climate condition.

of November to February. The highest percentage of improvement in suitability was calculated
during the month of December (15.2%). During
this month, improvements in climatic suitability
based on rainfall were projected on the mid central and southwestern portion of the country such
as Not Suitable to Marginal (4.3%), Not Suitable
to Moderate (0.1%), from Marginal to Moderate
(6.1%), and from Moderate to High (4.68%). The
projected increases in rainfall in the country under
future climate condition alter the suitability of corn
production in the most part of the country because
excessive water affects corn at every growth stage
(Kuang et al. 2012, Zaidi et al. 2004). According to
Zaidi et al. (2004), excessive moisture condition at

all physiological stages results to plant mortality,
stunted growth, and reduced leaf area and total
biomass. Based on the study of Kuang et al. (2012),
excess water or flooding during the seedling, jointing, tasseling to silking, and maturity stage results
to 25.8–67.1%, 26.1–34.7%, 10.8–25.0%, and 3.1–
4.9% reduction in yield, respectively.
Temperature Suitability
Under baseline climate condition (1950–2000),
temperature (average monthly mean and minimum) does impose serious limitation on corn
suitability in the country except on some areas
(Fig. 10) situated in high elevation where temperature is below the optimum level for corn growth
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Table 4. Monthly proportion (%) of changes in climatic suitability due to change in rainfall under future climate condition.
Moderate- MarginalModerateHigh-
Not
Not
Marginal Moderate
Suitable
Suitable
January
0.0
1.1
1.3
1.4
February
0.0
0.1
0.5
1.4
March
0.0
0.0
3.5
3.6
April
0.0
4.4
3.8
8.8
May
0.0
3.0
3.4
4.5
June
0.0
1.9
2.1
1.8
July
0.0
2.4
3.1
3.9
August
0.0
1.6
1.8
3.3
September
0.0
2.5
3.1
3.2
October
0.6
3.1
3.4
4.0
November
0.2
2.2
2.2
3.4
December
0.0
1.1
1.5
2.7
Month

No
Change
81.6
89.4
86.6
80.6
88.9
93.9
90.6
93.1
90.0
78.6
77.3
79.5

Not
Not
Marginal- ModerateSuitable- SuitableModerate
High
Marginal Moderate
4.1
0.0
4.8
5.8
2.9
0.0
2.8
3.0
0.1
0.0
2.7
3.5
0.0
0.0
0.1
2.3
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.3
1.0
1.1
0.0
3.8
5.5
3.2
0.2
4.5
6.8
4.3
0.1
6.1
4.8

Fig. 10. Monthly spatial distribution of climatic suitability of corn based on temperature in the Philippines
under baseline condition.

116

Arnold R. Salvacion

and development. Under future climate condition, the increases in temperature in the country
reduce suitability of corn from High to Marginal,
and High to Medium during the months of April
to July on the northeast and eastern portion of
the country (Fig. 11). The highest proportion of
areas with reduce suitability was projected for
the month of June (15.1%). In addition, there
were more months (10 out of 12) where the proportion of areas with reduce suitability (5%)
is higher than those with improved suitability
(0.4%). On the average, Increase in ambient temperature affects corn physiological processes and
accelerates the rate of its development resulting
to early maturity, which leads to lesser biomass

accumulation, thus reducing yield (Brown,
Rosenberg 1999, Challinor et al. 2004, Meza et al.
2008). Meanwhile, improvements in suitability
were projected on those high elevation areas of
the county. Empirical study of Chen et al. (2011)
showed that increase in minimum temperature
can also be favorable to corn yield. Table 5 summarizes the monthly proportion of changes in
climatic suitability of corn based on temperature.

Summary and Conclusion
This study demonstrated the use of fuzzy
logic for spatio-temporal mapping of climatic

Fig. 11. Monthly spatial distribution of changes in climatic suitability of corn based on temperature in the
Philippines under future climate condition.
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Table 5. Monthly proportion (%) of changes in climatic suitability due to change in temperature under future
climate condition.
Month
January
February
March
April
May
June
July
August
September
October
November
December

High-
High-
No
Marginal Moderate Change
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0

0.3
0.1
0.3
6.3
14.4
15.0
13.3
6.4
4.4
2.2
0.9
0.6

99.3
99.7
99.5
93.5
85.4
84.6
86.4
93.2
95.2
97.4
98.5
98.8

Not
MarginalSuitableModerate
Marginal
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.1

suitability of corn production in the Philippines
under baseline and future climate change condition utilizing publicly available baseline and
future climatic data. Based on the result of the
study, spatio-temporal pattern of changes in
rainfall and temperatures (mean and minimum)
is projected for the Philippines under future climate condition. Most part of the country is projected to experience increase rainfall and temperatures, which results in changes in climatic
suitability of corn in some parts of the country.
The effect of increased rainfall and temperature
to climatic suitability under future climate condition varies across location and months. However,
the effect of increase in temperature resulted to
higher proportion of areas and months with reduced climatic suitability.
The result of this study conforms with the previous study conducted by Salvacion and Martin
(2016) where changes in rainfall and temperature resulted to decrease in climatic suitability
of corn in the province of Isabela, Philippines.
In addition, it also agrees with different studies
elsewhere that the effect of climate change on
suitability varies across area (Bonfante et al. 2015,
Chemura et al. 2015, Jayathilaka et al. 2012, Lane,
Jarvis 2007, Ovalle-Rivera et al. 2015, RamirezCabral et al. 2016, Wang et al. 2015, Zabel et al.
2014). On the other hand, it also shows that the
effect of climate change on crop suitability varies
across time (months) or depending on the start of
cropping period.
The result from this study can serve as an indicator not only how climate change can alter

Not
SuitableModerate
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Moderate- MarginalHigh
High
0.3
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.4
0.4
0.4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.1
0.1
0.1

Not
SuitableHigh
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

associated climatic suitability of corn in the country but as well as the total corn production (since
production is a function of yield and area harvested). In addition, the methodology used in the
study can also be used with other major crops (e.g.
rice, coconut, banana, etc.) grown in the country and assess impact of climate change on these
crops. On the other hand, an in-depth study incorporating other physical parameters (i.e. soil
texture, land forms) and actual corn production
or harvested map of the country, which are not
available during the conduct of the study, is highly recommended to have a complete picture of the
impact of climate change on corn production in
the Philippines.
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