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Abstract—Climate variability is one of the factors that directly and greatly affect cropping system and plant yield.
It is therefore very important to obtain a good understanding about climate variability or changes in the climate
and the effect of these changes to clearly understand the vulnerability of food crops as well as its agronomic
impacts for us to create and implement adaptive strategies to mitigate its negative effects. This study assessed the
effect of climate in rice crop yield in both irrigated and rainfed ecotype farming system in Nueva Ecija Province
in the Philippines using semi-annual yield data and the different climate variables such as seasonal rainfall, mean
temperature, minimum temperature, and relative humidity by using empirical/statistical method through time
series analysis, and correlation analysis. Results indicated that rice yield for irrigated and rainfed ecosystem type
of farming in Nueva Ecija show an overall increasing trend from year 1991-2018, although there are observed
decline and fluctuations in some years. The different climate variables (i.e., rainfall, temperature, and humidity)
show fluctuating trends and irregularities spanning from the year 1991-2018. But it showed overall decreasing
trends for relative humidity and increasing trends for rainfall, minimum temperature, and mean temperature. There
are significant correlations between rice yield the all the climate variables in both irrigated and rainfed farming
ecosystem types. For irrigated ecotype, rainfall and relative humidity have negative correlation to yield while
positive correlation for mean temperature and minimum temperature. On the other, for rainfed ecotype, rainfall,
minimum temperature, and relative humidity have positive correlation to yield while negative correlation for mean
temperature. Based on GIS mapping, Nueva Ecija is reported for having low average annual rainfall and relative
humidity. However, the average annual rice production and yield in both irrigated and rainfed farming systems
were found as the highest compared to the other province in Central Luzon.

Keywords—Climate variability, irrigated, rainfed, rice crop yield.

INTRODUCTION of 3.61 MMT, or 18.96 percent to the total rice
production in 2018. Nueva Ecija, one of the
provinces in Central Luzon is recognized as the
“Rice Granary” of the region because it led the
production of the region’s as well as the whole
nation’s food staple during the twentieth century
until the present (Figure 1). According to the

Rice (Oryza sativa L) is one of the most
important human food crops in the world, directly
feeding more people than any other crop. It is the
main staple food in Asia (particularly in southern and
eastern Asia), where about 90% of the world's rice is

produced and consumed according to the Ricepedia Philippine Statistic Authority (2019) Nueva Ecija
(2019). One of these Asian countries that produce contributed 1.89 MMT or 51.92 % of Central
rice in a bigger volume is the Philippines.

c e Luzon’s and 9.91 % of the country’s rice production
Philippines produced a total of around 19.07 million in the year 2018.

metric tons (MMT) in the year 2018 (PSA, 2019)
Central Luzon made the highest contribution.
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Fig. 1. Map of Nueva Ecija Province, Central Luzon Region, Philippines

According to UNESCO (2019) Nueva Ecija is
considered ‘The Rice Granary of the Philippines’
because it is from this province that the Philippines
sources its biggest supply of rice grains and by-
products, with its wealthiest citizens being rice
millers, dealers and merchants. Despite the increased
industrialization of many developing countries,
Nueva Ecija remains dependent on its strong
agricultural economy. Nueva Ecija employs both
rainfed and irrigated rice-based agriculture. Irrigated
rice is being grown in an area with irrigation
facilities that supply water to the farm through
gravity, force/power, pump, etc. While rainfed rice
is being grown in an ecosystem that has dikes that
retain water and is solely dependent upon rainfall for
its water supply. Based in PSA record in the year
2018, there have been 1.74 million MT of irrigated
rice produced during the said year while rainfed rice
production is around 147,000 MT. Being the largest
producer of rice in the Philippines and being strongly
dependent on agricultural economy, understanding
what drives changes in rice production in Nueva
Ecija is essential for meeting current and future food
security in the said province and the whole
Philippines as well.

Variations in rice crop production and yield can
be caused and driven by different factors. It can be
explained by either endogenous drivers such as
genetics and agronomy (Specht et al. 1999; Tollenser
et al. 2002) and exogenous factors such as climate

variability (Bell et al. 1995). Climate variability and
climate change could drastically change local
environments, damage yields (Leak et al. 2016;
Batisti et al. 2009) and influence the yield stability
of staple crops (Urban et al. 2015; Lizumi et al.
2016). According to Lansigan et al. (2000) weather
and climate have direct influence on cropping
systems and plant yield. Thus, weather fluctuations
and climate variability play significant role in crop
growth and yield. Occurrence of abnormal weather
episodes during the growing season or during critical
development stages may hamper growth processes
resulting in yield reduction. Additionally, weather,
as a short-term of climate change, can also affect
yield by inducing changes in temperature, potential
evapotranspiration, and moisture availability
(Lansigan et al. 2000). It is therefore very important
to obtain a good understanding about climate
variability or changes in the climate and the effect of
these changes on the growth and development of
crops since a clear understanding of the vulnerability
of food crops as well as the agronomic impacts of
climate variability will enable one to implement
adaptive strategies to mitigate its negative effects
(Matthews et al. 2003).

Many studies that used information about yield-
climate relationship which can be used to evaluate
the impacts of climate variabilities on rice
production have already been done. Information
about yield-climate relationship can provide basis
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for within-year-crop forecasting, and projecting
impact of future climate change (Lobell et al. 2007).
Yield-climate relationship can be derived using
either biophysical models such as eco physiological
models or empirical/statistical method (Lobell et al.

METHODOLOGY

A. Data Acquisition

Rice production data from 1991-2018 were
obtained from the Philippine Statistics Authority
(PSA), (http://countrystat.psa.gov.ph/) for the
province of Nueva Ecija. Area harvested (hectares,
Ha) and production volume (metric tons, MT) data
were also obtained for each quarter, semester and
year, for both irrigated and rainfed rice production.
Yield (MT/Ha) was calculated by dividing the
production volume (MT) by the area harvested (Ha).
Monthly rainfall (mm/month), mean temperature
(°C), average minimum temperature (°C) and
relative humidity (%) from 1991-2018 were

obtained from the Philippine Atmospheric
Geophysical and Astronomical Services
Administration (PAGASA)

(http://bagong.pagasa.dost.gov.ph /climate/climate-
data) for the five synoptic stations in Central Luzon
namely Baler and Casiguran in Aurora province,
Clark in Pampanga, Iba in Zambales and Cabanatuan
which is located in Nueva Ecija. Summation of
monthly rainfall data was done to get the annual
(mm/year), quarter (mm/quarter) and semi-annual
(mm/semester) data for rainfall. On the other hand,
averaging method was done to get each annual,
quarterly and semi-annual data for minimum, mean
temperature, and relative humidity. Map coordinates
(latitude and longitude) for the five synoptic stations
were generated using Geospatial Information
System (GIS) mapping using QGIS and ArcGIS
software were obtained from GeoDatos website
(https://www.geodatos.net/en).

B. Statistical Data Analysis
For statistical data analysis, linear model trend
(equation 1) was fitted to yield, rainfall, mean

Table 1. Data for GIS Mapping.
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2010; Salvacion 2019). The main objective of this
study investigates the effects of varying climatic
conditions in the production of rice crops in Nueva
Ecija, Philippines.

temperature, mean diurnal temperature range and
relative humidity time series with 4-year/period
moving average (as a smoothing method) for Nueva
Ecija for both irrigated and rainfed ecosystem
farming type and for annual, semi-annual, and
quarterly data. Correlation analysis was also done to
determine the relationship of yield to different
climate variables.

Yi= o+ Bt Q)

where:

Y: = dependent variable

t =time index.

o = intercept of the trend line
B = the slope of the trend line

Rice production and climate anomalies such as
rainfall/precipitation and mean temperature
anomalies as observed in the time series graphs from
1991-2018 were computed from the annual rice
production, rainfall, and mean temperature data from
1991-2018 and the long term (30-year) average
annual rice production from 1988-2018 and rainfall
and mean temperature data from 1985-2015. Graphs
were generated using MS excel.

C. GIS Mapping

Mapping of the annual rice production, annual
rainfall, and annual temperature in Nueva Ecija was
carried out using QGIS 10.3 and ArcGIS 10.5
software. QGIS is used to identify synoptic station
points where the station is located in Baler and
Casiguran in Aurora province, Clark in Pampanga
province, Iba in Zambales province after spatial
distribution using the thyseen Polygon method using
GIS software. (Table 1) shows the data used for GIS

mapping.

COORDINAT ST AAR AATM AARH AAIRP AARRP AAIRY AARRY
X Y (mmlyr) (°C) (%) (MT) (MT) (MT/Ha) (MT/Ha)
15.4858 120.9664 Cabanatuan 1767 28.4 83.7 1087122 1322988 228197 41458
69853.68
153329  119.9757 Iba 2583 285 80.6 6967.5 19496 2170
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COORDINAT S AAR AATM AARH AAIRP AARRP AAIRY  AARRY

X Y (mmlyr) °C) (%) (MT) (MT) (MT/Ha)  (MT/Ha)
15.1852  120.5394 Clark 2048 27.2 75.5 291142 10796.36 67024.7 3269
162277 122.0633  Casiguran 3770 26.8 88.12 68471 25445 18169 8109
15.7589  121.5607 Baler 2187 26.7 85.6 67853.55 6766.5 18456 2070

RESULTS AND DISCUSSION

A. Time Series Analysis

Annual, semi-annual, and quarterly time series
graphs of rice yield for irrigated and rainfed
ecosystem type of farming in Nueva Ecija (Figures
2a-2f) show an overall increasing trend from year
1991-2018. Although there are observed decline and
fluctuations in the years in between which are
possibly due to the effects of significant climate
variabilities and climate change that may be
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observed during those years and the seasonality of
rice production and changes in climate variables in
Nueva Ecija which is further shown in the semi-
annual and quarterly (seasonal) time series graphs.
The increasing trend is further shown by the positive
slope of the equation of the 4-year/period
smoothened rice yield trendlines for both irrigation
and rainfed ecotype.
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Fig. 2. Annual, semi-annual, and quarterly time series graphs of rice production for irrigated and rainfed ecosystem

type of farming in Nueva Ecija.

On the other hand, the annual, semi-annual, and
quarterly time series graphs for the different climate
variables are shown in (Figures 3a to 3d). These
figures show fluctuating trends and irregularities
spanning from the year 1991 to 2018. However,
results showed overall decreasing trend in relative

Annual Rainfall Trend

humidity and increasing trends for rainfall,
minimum temperature, and mean temperature.
Increasing and decreasing trends were shown by the
positive and negative slopes of the equations of the
4-year/period smoothened trendlines for the said
climate variables.
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Fig. 3. Annual, semi-annual, and quarterly time series graphs of different climate variables — rainfall, mean temperature,

minimum temperature, and relative humidity.

The fluctuations, irregularities and anomalies
shown in the time series graphs of rice production
and the different climate variables can be brought by
different factors, one of which is climate change, this
is supported by the results of research by Husein
et.al. (2020) that in the current scenario of global
climate change, the utmost desire to ensure food
security is to maintain and increase agricultural
production. But, due to rapid climate change, many
abiotic factors such as rainfall, drought, flooding,
temperature, and solar radiations are severely
affecting the production of rice at various growth
stages. Climate change brings climate variabilities to
extremes such the case of El Nifio and La Nifia.
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Figure 3 shows the rice production anomaly for
irrigated and rainfed farming ecotype for Nueva
Ecija from 1991-2018. From year 1991-2000,
negative rice production anomalies were observed
which means rice production during that time were
lower than the baseline or average rice production
based on 1988-2018 normal average rice production
value. On the other hand, starting from year 2001-
2018, positive rice production anomalies were
observed which means that rice production is greater
than the reference or baseline value (figure 2a-2f)
and the trend in increasing.

2005 &
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2007 m
2008 =
2009 &
2010mn
2011
2012 mm
2013 ==
2014 ==
2015 nmm
2016 ==
2017 mmm
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m Annual Rice Production Anomaly (Irrigated)
Annual Rice Production Anomaly (Rainfed)

Fig. 4. Annual rice production anomaly for irrigated and rainfed ecosystem type of farming in Nueva Ecija
from 1991-2018 based on 1988-2018 normal values.
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(Figures 5 and 6) show the annual rainfall and
mean temperature anomalies from 1991-2018 in
Nueva Ecija. For rainfall anomaly, we can see that
there are fluctuations observed in such a way that
positive and negative anomalies seem to happen and
be observed almost alternately. But more negative
anomalies were observed from the span of 1991-
2018 which means that oftentimes there were
decrease in the normal average annual rainfall value
which could also mean that drought or EI Nifio may
have happened more often than La Nifia. This claim
may also be justified by and can be seen in the annual
mean temperature anomaly graph which shows a
consistent positive mean temperature anomaly from
year 1998-2018. The climate anomaly graphs are
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indeed showing the effects of global warming and
climate change. Also, from the previous time series
graphs, we can see that annual mean temperature
graph shows increasing linear trend with r?value for
the linear 4-year smoothened trend of 0.7425 which
is considerably high. Also, the annual minimum
temperature shows an increasing linear trend with r?
value of 0.8316 which could mean that the normal
minimum temperature has already increased caused
by continuous warming of the Earth. Annual time
series graph for rainfall also seemed to show a
general increasing linear trend, however its r? value
is considerably small which means that linear
forecasting is not really reliable for rainfall and that
the trend is generally a fluctuating trend.

Year

——4 per. Rata-rata Bergerak (Rainfall Anomaly)

Annual rainfall anomaly in Nueva Ecija from 1991-2018 based on 1985-2015 normal values.

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

—4 per. Rata-rata Bergerak (Temperature Anomaly)

Fig. 6. Annual mean temperature anomaly in Nueva Ecija from 1991-2018 based on 1985-2015 normal values.
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Table 2 shows the occurrence of El Nifio and
La Nifia from the year 1952-2019 and their
corresponding intensities (NOAA, 2019). Based
on Figures 2a-2f, it can be seen that there is a
large decrease in rice production in Nueva Ecija
for both irrigated and rainfed ecotypes from year
1998-2000, this occurred was caused by an
extreme climate such as the El Nifio and La
Nifa. This can be attributed to the large increase
in the rainfall and mean temperature trends
during the said years. From Table 2, it can be
noted that there are occurrences of strong El
Nifio and weak and strong La Nifa
corresponding to year 1998-2000. According to

Journal online http://journal.bakrie.ac.id/index.php/APJSAFE

Arini et al. (2011) In the El Nino event, the
availability of water for agriculture decreases so
the crop production and productivity decreases.
Meanwhile, in the La Nina incident, the
availability of water could become excessive
and cause flooding resulting in crop failures.
Both of these climate anomalies are known to
have caused damage to rice plants, thus
affecting rice production and Chung et al.
(2015) stated that the occurrence of seasonal
anomalies such as El Nifio and La Nifa,
especially in 2000 and 2009 has caused the loss
of agricultural products, especially rice
production.

0 0
Table 2. The Oceanic Nifio Index (ONI), the running 3-month mean SST anomaly for the Nifio 3.4 region (i.e., 5 N5 S,
0 0
120 -170 W), is NOAA standard for identifying El Nifio (warm) and La Nifia (cool) events in the tropical Pacific.

El Nino La Nina
V\_/leik Mo%erate Str_(;ng Very Strong-3 V\-/fik Mo?zrate Stt(;ng
1952-53 1951-52 1957-58 1982-83 1954-55 1955-56 1973-74
1953-54 1963-64 1965-66 1997-98 1964-65 1970-71 1975-76
1958-59 1968-69 1972-73 2015-16 1971-72 1995-96 1988-89
1969-70 1986-87 1987-88 1974-75 2011-12 1998-99
1976-77 1994-95 1991-92 1983-84 1999-00
1977-78 2002-03 1984-85 2007-08
1979-80 2009-10 2000-01 2010-11
2004-05 2005-06
2006-07 2008-09
2014-15 2016-17
2018-19 2017-18

Source: (NOAA, 2019)

B. Correlation Analysis

Correlation test using annual, semi-annual, and
quarterly data of rice yield and various climate
variables were done to examine the relationship and
effects of climate variables on both irrigated and
rainfed farming system of rice production.
According to Sugiyono (2010), the value of R-
squared at the interval of 0.20 to 0.399 has a low
correlation, 0.40 to 0.599 has a moderate correlation,
0.60 to 0.799 has a strong correlation, and 0.80 to
1.00 has a very strong correlation. Therefore, based
on the correlation analysis using annual data (see
Table 3), we found that only the variable of
minimum temperature has a strong correlation with
the negative relationship to the yield of irrigated
farming rice system. Other variables were having
low and moderate correlations both to the yield of
irrigated and rainfed farming systems. The results
are similar with the correlation analysis using

37

quarterly data shown by Table 5. On the other hand,
strong correlation results were mostly found in the
correlation analysis using semi-annual data. Table 4
shows that the correlation between the yield of
irrigated rice farming system to the rainfall, mean
temperature, and relative humidity were having
strong correlations, whereas rainfall and minimum
temperature were having very strong correlations to
the yield of rainfed farming system. The findings
were supported by a study from Khanal (2015)
and Oguntunde et al. (2018) where they found

rice yield is influenced by climate variables
including total annual rainfall, annual average
maximum temperature, and annual average
minimum temperature, which rice yield and

minimum temperature have a strong correlation
features compared to other climate variables.
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Table 3. Correlation between rice yield and climate variables using the annual data.

Correlation to Yield (r)

Climate Variables

Irrigated Rainfed

Rainfall -0.1064 -0.1101
TMean 0.4582 0.2313
TMin -0.6304 -0.4014
RH -0.2270 -0.1692

Table 4. Correlation between rice yield and climate variables using the semi-annual data.

Correlation to Yield (r)

Climate Variables

Irrigated Rainfed

Rainfall -0.5917 0.8591
TMean 0.5753 -0.5997
TMin 0.2714 0.8297
RH -0.5611 0.6267

Table 5. Correlation between rice yield and climate variables using the quarterly data.

Correlation to Yield ()

Climate Variables Irrigated Rainfed
Rainfall -0.1150 0.2256
TMean 0.4759 -0.2828

TMin 0.0462 -0.4604
RH -0.2816 0.2463

Using semi-annual or seasonal data is actually
much better since using annual data tend to mask and
may not show the seasonality in rice yield which
corresponds to climate and weather seasonality. On
the other hand, quarterly data may have super
imposed, misrepresent, and exaggerate the said
seasonality in rice yield and climate since Nueva

169.1

Rainfall (mm)

50.0 411
16.5 141 16.7 I
oo - L

208.9

Ecija really exhibits only 2 season types yearly as
shown in (figure 7) the monthly average rainfall for
Nueva Ecija from 1991-2018. That is, from
December to April there is dry season and low
rainfall, and wet or rainy season happens from May
to November with maximum rain period from June-
September (WAMIS, 2019).

338.3

316.9

204.0

58.7

90.5

Fig. 7. Monthly average precipitation (mm/month) in Nueva Ecija, Philippines from 1991-2018
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Fig. 8. Average annual rainfall (a), average annual temperature (b) and average annual relative humidity (c)

According to Figure 8 (a), (b) and (c) the average and 81- 88%, respectively. The average temperature
annual rainfall and humidty results for the years in Nueva Ecija is higher than Clark, Baler and
1991-2018 in Nueva Ecija showed the lowest Casiguran but lower than the temperature in
compared to other provinces in Central Luzon, with Zambales with a value of 28.4 °C. However, some
rainfall and humidity values ranging between 1767- areas have a fairly low average such as Nueva Ecija
2167 mm and 75-84%, respectively. whereas in the in the northern region bordering Clark and Nueva
other areas of Clark, Baler and Casiguran the values Ecija in the southern region bordering Baler.

of rainfall and humidity ranged from 2048 -3770 mm

Average Annual Rainfed Rice Production (MT)

AARRP (MT)

P 67x108
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Average Annual Irrigated Rice Production (MT)
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Fig. 9. Average annual rainfed rice production (a) and Average annual irrigated rice production (b)

Figures 16 (a) and (b) show average of annual
rainfed rice production mapping and average of
annual irrigated rice production mapping (MT). The
results showed that the highest average annual rice
production is irrigation (a) and rainfed (b) produced
by Nueva Ecija Province with a rice production
value of 108x10* (MT) for irrigation and 132x103

(MT) for rainfed, while for In other areas, rice
production values are in the range of 6.7x10* -
29x10* (MT) for irrigation and 6.7x10° — 25.4x10°
(MT) for rainfed and the amount of average annual
irrigated rice production in all areas is higher than
rainfed.

Average Annual Irrigated Rice Yield (MT/Ha)
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Average Annual Rainfed Rice Yield (MT/Ha)
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Fig. 10. Average annual irrigated rice yield (a) and average annual rainfed rice yield (b)

Figure 10 (a) and (b) showed that average annual
irrigated rice yield mapping and Average annual
rainfed rice yield mapping in Metric Tons per
hectare (MT / Ha). The results show that the highest
average annual irrigated (a) and rainfed (b) rice

CONCLUSION

This study shows the effect of the different climate
variables in rice crop yield in both irrigated and
rainfed ecotype farming system in Nueva Ecija,
Philippines. The following are the conclusions
derived from the results of the study:

1. Rice yield for irrigated and rainfed ecosystem
type of farming in Nueva Ecija show an overall
increasing trend from year 1991-2018,
although there are observed decline and
fluctuations in some years.

2. The different climate variables show
fluctuating trends and irregularities spanning
from the year 1991-2018. But it showed overall
decreasing trends for both  minimum
temperature and relative humidity and
increasing trends for rainfall and annual mean
temperature.
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yielded by the Nueva Ecija province. When
compared to the average annual rice yield irrigated
and rainfed, the amount of productivity with
irrigated in Nueva Ecija is higher than rainfed.

3. There are significant correlations between rice

yield the all the climate variables in both irrigated
and rainfed farming ecosystem types. For
irrigated ecotype, rainfall and relative humidity
have negative correlation to yield while both
positive correlation for mean temperature and
minimum temperature. On the other, for rainfed
ecotype, rainfall, minimum temperature, and
relative humidity have positive correlation to
yield while negative correlation for mean
temperature only.

4. Based on GIS mapping, Nueva Ecija is reported

for having low average annual rainfall and
relative humidity. However, the average annual
rice production and vyield in both irrigated and
rainfed farming systems were found as the
highest compared to the other province in Central
Luzon during the period of 1991 to 2018.
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