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1. INTRODUCTION 

The Philippines is one of the countries considered to be medium food secure.  In 

2014, the country had an overall score of 49.4 out of 100 in the Global Food Security Index 

and is grouped with countries with “moderate environment” based on availability, 

affordability, and quality and safety of food (EIU, 2014).  The country is also improving in 

terms of eradicating extreme hunger and poverty.  According to the Millennium 

Development Goal Report (UN, 2010), the Philippines was able to reduce the proportion 

of its population living below $1.25 (PPP) per day from 30.7% in 1991 to 18.4% in 2009.  

However, the occurrence of climate change and its persistence in the near future could 

seriously undermine the progress made in achieving food security. 

The Philippines is particularly vulnerable to impacts of weather-related loss 

events such as storms, floods, and heat waves.   A long-term Global Climate Risk Index 

from 1994 to 2013 indicated that the Philippines is one of the 10 most affected countries 

and it ranked first in 2013 (Kreft et al., 2015). Unfortunately, such events are expected to 

be more frequent and intense given the changing climate.   

Future climate simulation in the Philippines under the mid-range scenario 

indicated  a rise in annual mean temperature by 0.9 to 1.1°C in 2020 and by 1.8 to 2.2°C 

in 2050 (PAGASA, 2011).  The Philippine Atmospheric, Geophysical and Astronomical 
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Services Administration (PAGASA) further reported the increased likelihood of rainfall 

reduction during dry months of March to May in most provinces.  On other hand, an 

increase in rainfall is more likely in Luzon and Visayas during southwest monsoon 

months of June to November.  PAGASA’s projection also revealed more frequent 

occurrence of hot days (with maximum temperature exceeding 35°C) and dry days (with 

less than 2.5 mm of rain) in all parts of the country, while the number of days with heavy 

daily rainfall (exceeding 300 mm) will also increase in Luzon and Visayas.  All these could 

affect the productivity of agriculture particularly that of rice. 

Peng et al. (2004) were able to establish a close link between dry season (January 

to April) rice grain yield and minimum temperature.  Using data from 1992 to 2003, rice 

grain yield was found to decline by 10% for every 1°C increase in growing-season 

minimum temperature.  Another study in intensively-managed irrigated areas in six 

countries corroborated this and found that a 1°C increase in minimum temperature 

during the ripening phase reduced yield by 322 kg ha-1 (Welch et al. 2010).  Nevertheless, 

maximum temperature during vegetative and ripening phases was found to have positive 

effect on rice yield.  Only rainfall during the ripening phase significantly impacts yield.  

Lansigan (2010) also showed the lower probability of rice exceeding a specified yield 

under a warmer climate during dry and wet seasons. 

Despite the presence of evidences, there is still a need to enhance our 

understanding of climate change impacts on rice and corn yields in the Philippines to 

create better adaptation strategies.  For one, most of the studies are confined only in 

specific locations in the Philippines (e.g. experimental rice stations in Laguna or Nueva 

Ecija) or in particular production environment (i.e. irrigated ecosystem).  However, 

policymakers also need to know the effects in other provinces and ecosystem.  In 
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addition, most of the studies conducted are hindcasts based on historical weather data or 

alternative past climate scenarios. Very few have yield forecasts in the future based on 

climate data arising from different emission scenarios.  Most of the studies also looked 

into effects of direct climate variables on yield without examining the indirect effects – or 

those operating through crop-soil-water relationship.  These are the knowledge areas 

where this article hoped to contribute. 

 The main objective of this article is to determine the effects of climate change on 

rice and corn yields in the Philippines.  The specific objectives are as follows: 

1) identify direct and indirect effects of climate variables in yields of irrigated and 

rainfed rice and white corn; 

2) forecast the climate-driven yield changes under different emission scenarios; 

and 

3) examine the yield changes due to climate change in all rice- and corn-

producing provinces in the Philippines. 

By answering these objectives, this study hopes to generate information that could help 

policymakers in creating adaptive strategies to minimize the potential negative effects of 

climate change in rice and corn productivities in particular and food security in general. 

2. METHODOLOGY 

This section describes the coverage of the study, the data used, and the analytical 

methods. 

2.1. Crop, Period, and Area Coverage 
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The analysis considered three types of rice: 1) dry season irrigated rice (harvested 

during January-June); 2) wet season irrigated rice (harvested during July-December); and 

3) wet season rainfed rice. In 2013, 75% of the total paddy production was produced 

from irrigated areas and 47% and 53% of this are produced during dry and wet seasons, 

respectively.  Rainfed rice accounted for 25% of national production with 69% of this 

produced during the wet season. 

Time series data from 1970 to 2010 for semi-annual rice and corn yields were 

obtained from the Philippine Statistics Authority (formerly Bureau of Agricultural 

Statistics).  There are 79 out of 80 provinces in the Philippines that produce rice.  

Nevertheless the island provinces of Camiguin, Dinagat, and Tawi-tawi were excluded 

from the analysis due to insufficient length of time series data.  Although included in the 

model calibration and validation, the newly created provinces of Zamboanga Sibugay and 

Compostella Valley lacked series from 1970 to 2000 and were excluded from forecasting 

yield changes.  Sulu was not included in the analysis of irrigated rice while Lanao del 

Norte was excluded from the analysis of rainfed rice because of missing yield data for 

many years.  Thus, only 73 provinces were included in the analysis of climate change 

impacts on irrigated and rainfed rice yields.  For similar reasons, there were only 71 

provinces used in the white corn analysis. These provinces were grouped into 18 sub-

regions according to the similarity of rice cropping calendar, resemblance in patterns of 

climate variables (e.g. minimum and maximum temperatures, and rainfall), and 

proximity of economic development. Table 1 shows the provincial groups.  
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Table 1. List of provincial groups used as sub-region. 

Sub-region Provincial Composition 
0 Abra, Apayao, Benguet, Ifugao, Kalinga, Mt. Province, Nueva Vizcaya, 

Quirino 
1 Ilocos Norte, Ilocos Sur, La Union, Pangasinan 
2 Cagayan, Isabela 
3 Aurora, Bataan, Bulacan, Nueva Ecija, Pampanga, Tarlac, Zambales 

4a1 Batangas, Quezon 
4a2 Cavite, Laguna  
4b Marinduque, Occidental Mindoro, Oriental Mindoro, Palawan, 

Romblon 
5 Albay, Camarines Norte, Camarines Sur, Catanduanes, Masbate, 

Sorsogon 
6 Aklan, Antique, Capiz, Guimaras, Iloilo, Negros Occidental 
7 Bohol, Cebu, Negros Oriental, Siquijor 
8 Biliran, Eastern Samar, Leyte, Northern Samar, Samar, Southern Leyte 
9 Zamboanga del Norte, Zamboanga  del Sur, Zamboanga Sibugay 

10 Bukidnon, Lanao del Norte, Misamis Occidental, Misamis Oriental 
11 Davao Oriental, Davao del Sur, Davao del Norte 

12a North Cotabato, Sultan Kudarat 
12b Sarangani, South Cotabato 
13 Agusan del Norte, Agusan del Sur, Surigao del Norte, Surigao del Sur 
14 Basilan, Lanao del Sur, Maguindanao 

 

2.2. MOSAICC and the Water Balance Model 

The Modeling System for Agricultural Impacts of Climate Change (MOSAICC) was 

the primary tool used in assessing the climate change impacts on rice and corn yields in 

this article.  Developed by the Food and Agriculture Organization (FAO), MOSAICC is an 

integrated software that can perform statistical downscaling of climate projections, and 

modeling of crop growth, precipitation run-off, and economic effects (FAO-UN, 2016). It 

also includes several utilities such as interpolation tools and potential evapotranspiration 

(PET) calculation routine.  In order to run, the system needs data on global climate 

projections from global circulation models (GCM), historical times series of climatic and 
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hydrological variables, crop coefficients, and soil maps. For economic modeling, 

benchmark data and economic scenarios are required.  The system facilitates efficient 

data exchange between models, using the output of one model as input for another.  

Figure 1 exhibits the data interaction between the four main components of MOSAICC. 

 
Figure 1. The four main components of MOSAICC. 
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MOSAICC houses two crop models: 1) AQUACROP; and 2) WABAL.  The latter one 

was selected in crop modeling for this article due to its simple data requirement.  Water 

Balance or WABAL model describes the interaction of soil-plant-atmosphere system in 

terms of their water relation and generate variables that can be used as predictors of crop 

yield.  These variables include actual crop evapotranspiration and excess or deficit water 

over specific crop growth stages (e.g. initial, vegetative, flowering, and maturation). It 

also generate variables on total water requirement of the crop and water satisfaction 

index, which measures the extent to which crop water requirement have been met 

(Gommes, 1998).  These are referred to as agronomic-relevant variables because 

information on climate variables were transformed into variables that are relevant to 

crop growth and yield.  The WABAL model can be applied on a regional scale (e.g. 

administrative boundary) instead of field scale and is therefore applicable for provincial 

analysis. 

The MOSAICC-WABAL model utilizes projections of future climate variables from 

three GCMs: 1) BCCR-BCM2.0 (BCM2); 2) CNRM-CM3 (CNCM3); and 3) ECHAM5/MPI-OM 

(MPEH5).  Randall et al. (2007) discussed the characteristics of each GCM.  The 

projections from these GCMs have low-resolution, hence, the need for statistical 

downscaling at the country or regional scale.  PAGASA worked with the Santander 

Meteorology Group of the University of Cantabria in Spain to downscale climate variables 

in their selected weather stations.  The downscaled variables are then interpolated to 

provincial level and subsequently used in the crop modeling.  

The emission scenarios considered in the simulations are 20C3M, A2, and A1B. 

The 20C3M is the twentieth century run of past climate data (1970-2000) based on 

historical greenhouse gas emission.  This is used as counterfactual in projecting yield 
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change due to climate change.  The A2 represents a pessimistic future scenario of rapidly 

increasing global population, sluggish economic development, and slow technological 

progress.  On other hand, the A1B depicts an optimistic scenario. Under this, the world 

population increases but at a slower rate than in A2.  It also represents a scenario of rapid 

economic development and introduction of more efficient technologies (Gommes et al., 

2009).  

Aside from downscaled climate data, the WABAL model also used data on crop 

coefficients of each rice type to indicate its water requirement per growth stage.  Table 2 

shows the crop coefficients used for irrigated and rainfed rices and white corn.  WABAL 

experiments were run at the provincial level to generate agronomic-relevant variables.  

Computer simulations for 3 rice crops were done for 73 provinces, 3 GCMs, and 3 

emission scenarios for a total of 1,971 simulations. For the same number of emission 

scenarios and GCMS, corn simulation was done in 71 provinces resulting in 639 

simulations. 

Table 2. Crop coefficients of irrigated and rainfed used in WABAL. 

Coefficient Irrigated Rice 
(Jan-Jun) 

Irrigated Rice 
(Jul-Dec) 

Rainfed Rice 
(Jul-Dec) 

White Corn  
(Jul-Dec) 

Pre-season 
dekad 

2 2 1 2 

Crop factor F1 0.05 0.05 0.05 0.1 
Crop factor F2 0.5 0.5 0.5 0.64 
Crop factor F3 0.7 0.7 0.7 0.5 
Bunding height 150 200 150 0 
Stress threshold 0.3 0.3 0.3 0.3 
Irrigation mode Automatic Automatic Rainfed Rainfed 
Pre-season crop 
coefficient 

0.5 0.5 0.5 0.5 

Crop factor K1 1.05 1.05 1.05 0.5 
Crop factor K2 1.2 1.5 1.5 1.2 
Crop factor K3 0.9 1 1 0.5 
R-index 5 5 5 5 
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X-index 5 5 5 5 

 

2.3. Statistical Crop Modeling 

This section describes the methods of crop model calibration, validation, and 

forecasting employed in the study.  

2.3.1. Model Calibration 

Yields of irrigated and rainfed rices were estimated using multiple regression 

analysis.  The estimated model is written as: 

 1, , , , ,it it ijt it it it it ity f y TMIN TMAX RAIN SR  W     (1) 

where yit is the yield of province i in period t, yit-1 is the one-year lag of yield, W is a vector 

of agronomic-relevant variables generated by the WABAL model, TMIN and TMAX are the 

average minimum and maximum temperature during the growing season, RAIN is the 

growing-season total precipitation, SR is the growing-season total solar radiation, and  

is the error term.  Table 3 shows the definition of variables used in the regression.  The 

inclusion of yit-1 was a strategy to account for the trends, level of technology, and crop 

management implemented in a particular province.  In this way, the direct effects of 

climate variables and their indirect effects through the agronomic-relevant variables 

were separated from the yield effects of trend, technology, and crop management.   

 A full model was run initially but many variables were found to be statistically 

insignificant because of multi-collinearity.  Stepwise regression over the full model was 

employed to build a more parsimonious model.  Only explanatory variables significant at 
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90% confidence level were retained. However, there are cases when the stepwise 

regression maintained lag yield as the only explanatory variable in some sub-regions.  In 

that event, the confidence level was relaxed up to 85% so that the final model would still 

include direct climate and agronomic relevant variables as predictors of yield.   

 For the calibration of crop models, the downscaled climate data from ERA-Interim, 

and the subsequent WABAL-generated agronomic relevant variables were used in the 

analysis. The ERA-Interim is a global atmospheric reanalysis from 1979 to 2010 (ECMWF 

2015).  The downscaled climate variables from ERA-Interim depict the historical data and 

are appropriate for model-building.  The data from 1990 to 2009 were used in the 

calibration. 

2.3.2. Model Validation 

A split sample approach was employed in the model validation. This consists of 

splitting the ERA-Interim time-series into two samples: one for calibration (1990-2010) 

and another for validation (1979-1989). According to Mourad et al. (2005), using 25 to 

40% of data set for validation is optimal if the sample size is greater than 30.  Although 

our time series data run for 31 years, running the regression for a group of several 

provinces made the sample size greater than 30. Hence, around 33% (midway between 

25 and 40%) of data was decided to be used in the validation. 

Following Legates and McCabe (1999), a regression model of observed yield data 

on simulated yield without a constant was used to validate the crop model in each 

subregion.  A slope coefficient that is close to 1 indicates a good correspondence between 

observed and simulated yield.  A perfect agreement is achieved when the coefficient of 

determination (R2) is equal to unity. 
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2.3.3. Forecasting Yield and Climate Change Signals 

The calibrated and validated models were used to forecast yield under 20C3M, A2, 

and A1B emission scenarios.  To simulate provincial yield, the downscaled climate data 

under these scenarios including their corresponding WABAL generated variables were 

substituted in the calibrated crop model based on stepwise regression for each subregion. 

The estimated yield forecasts can be used as output by the economic modelers in 

estimating the economic impacts of climate change.  

For the purposes of this article, it is more relevant to estimate the climate change 

signals or the yield component driven by climate change. This was computed by removing 

the effect of lag yield and substituting only the significant direct climate and agronomic 

variables in the yield equation.  This is written as: 

 0ccy   βW δA           (2) 

Where ycc is the climate-driven yield component, 0 is the model intercept, W and A are 

vectors of significant agronomic and climate variables, and  and  are vector of estimated 

coefficients.  The resulting ycc for 20C3M was averaged from 1971 to 2000 while those for 

A2 and A1B were averaged from 2011 to 2040.  The climate change signals are calculated 

as the difference of these averages (e.g. 2 20 3ccA cc C My y ) and tested if significantly different 

from zero.  Only signals that are significant at 90% confidence level under the three GCMs 

were considered as robust.  

3. RESULTS AND DISCUSSION 

3.1. Calibration and Validation Results 
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Appendix Tables 1, 2, and 3 show the final calibrated model in each subregion for 

the dry and wet season irrigated rices, and wet season rainfed rice.  Similarly, Appendix 

Tables 4, 5, and 6 summarize the validation results for the three crop models. 

3.1.1. Dry Season Irrigated Rice 

For the dry season irrigated rice, only 4 out of 18 subregions exhibited an adjusted 

R2 of below 0.5 (Appendix Table 1).  All stepwise regression models have exhibited an 

improvement in adjusted R2 over the full model indicating that not all variables in the full 

model are needed.  Hence, the exclusion of some variables has improved the goodness of 

fit of the model.   

As expected, the lag yield was a significant factor explaining the yield in all 

subregions.  The significance of agronomic variables depends on the subregion.  The yield 

effects of deficit water are pronounced in some region while excess water is more 

relevant in others.   

Similar to the findings of Peng et al. (2004) and Welch et al. (2010), the minimum 

temperature has negative relation with dry season yield in regions 5 and 14.  

Nevertheless, a positive relation was found between minimum temperature and dry 

season yield in subregions 0, 1, 3, 4a2, 6, 8, 9, 12a, and 12b. The average minimum 

temperature in these subregions may be slightly below the critical threshold which could 

explain why an increase could lead to positive gain in yield.   

Except in subregion 5, average maximum temperature has significant but negative 

yield effects in subregions 0, 4a2, 6, and 14.  Precipitation was also found to negatively 
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affect dry season yield in subregions 3 and 5.  Finally, solar radiation has significant effect 

on yield in subregions 4a1, 6, 8, and 14.  

Validation of dry season irrigated rice yield model was very promising. The 

subregions 6, 9, 10, 12a, 12b, and 14 have slope coefficients that are not significantly 

different from unity (Appendix Table 4).  The slope coefficients in other subregions 

ranged from 0.81 to 0.99, close enough to 1.  In addition, the R2 values ranged from 0.91 

to 0.98. 

3.1.2. Wet Season Irrigated Rice 

The wet season irrigated rice model performed relatively similar to the dry season 

model.  Out of 18 subregions, only 6 regions registered an adjusted R2 of less than 0.5 

(Appendix Table 2).  The higher adjusted R2 of the stepwise regression model indicates 

its superiority over the full model.   

Lag yield was also found to be a significant predictor of wet season irrigated rice 

yield in all subregions.  The effects of excess water are prominent in subregions 1, 2, and 

4a2 while that of deficit water are noticeable in subregions 0, 1, 2, 3, 4a1, 4a2, and 5.  

Average minimum temperature has negative effects in wet season yield in subregions 2, 

3, and 13 but have positive effects in 4a1, 5, 9, 12b, and 14.  Average maximum 

temperature was found to have positive effects on wet season yield in subregions 0 and 

3 but have negative effects in 6 and 12b.  Rainfall has negative yield effects in subregions 

2, 3, 4a1, and 4a2. Meanwhile, solar radiation was a significant yield predictor in 

subregions 2, 12b, and 14.  



14 
 

The validation indicates acceptability of wet season irrigated rice yield models in 

all subregions. While only subregions 8, 9, 11, 12a, and 12b indicated slope coefficient 

that are not significantly different from unity, other subregions  still have very close slope 

coefficients ranging from 0.88 to 0.97 (Appendix Table 5).  All models of wet season 

irrigated rice have an R2 of more than 0.9.  

3.1.3. Wet Season Rainfed Rice 

Except for 4a1, 4a2, 10, 11, and 14, the wet season rainfed rice yield models in 

other subregions have an adjusted R2 of greater than 0.5.  Similar to irrigated rice models, 

the stepwise regression models have higher adjusted R2 compared to full models. Lag 

yield was again found to be a significant yield predictor in all subregions (Appendix Table 

3). 

Significant yield effects of excess water in vegetative, flowering, and maturity 

stages were observed in subregions 0, 1, 4a2, 4b, 5, 6, 8, 9, 10, and 12b. On other hand, 

the yield effects of deficit water during various crop stages were noticed in 0, 3, 4a2, 6, 9, 

10, 12a, and 13.  Average minimum temperature has significant yield effects in 4a2, 6, and 

12a while average maximum temperature in 1, 4a1, and 12b.  Rainfall is a significant 

factor explaining yield in 0, 3, 4a2, 5, 7, 8, 11, and 12a while solar radiation is important 

in 2, 4a1, 4a2, 5, 6, 12a, and 12b.  

Validation of wet season rainfed rice yield model indicates that 8 subregions have 

slope coefficients that are not significantly different from unity. These are 1, 4a1, 4a2, 4b, 

8, 11, 12a, and 12b.  The other subregions have a slope coefficient ranging from 0.87 to 

0.93. The coefficient of determination in various subregions was at least 0.87 indicating 

that simulated yield closely corresponds to observed yield (Appendix Table 6).  
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3.2. Climate Change Signals  

In this article, climate change signals are considered robust if the difference in 

average climate driven yield components between A2 and 20C3M or between A1B and 

20C3M under the three GCMs are significant at 90% confidence level. This section 

presents the robust climate change signals for irrigated and rainfed rices, and white corn. 

3.2.1. Irrigated rice (January-June) - A1B scenario  

A1B belongs to the A1 family of greenhouse gas emission scenarios. It assumes a 

very rapid economic growth, a global population that peaks in mid-century and then 

gradually declines, with rapid introduction of new and more efficient technologies and a 

balanced emphasis of all energy sources. Under this scenario, there were only 13 

provinces that showed significant changes under the three general circulation models 

(GCMs) in the irrigated January to June rice cropping season (Table 3). Generally, a 

significant positive change or an expected increase on the yield of irrigated rice in these 

provinces was observed in all the GCMs except for Agusan del Norte (BCM2 and CNCM3), 

Negros Oriental (MPEH5) and Quezon (MPEH5). This showed that the yield of irrigated 

rice in most of these 13 provinces will increase regardless of the GCM used over the next 

40 years (2011-2050). The highest significant increase in yield of irrigated rice is 

expected in Leyte at 0.273 t ha-1, while a tremendous reduction in yield is expected in 

Quezon at 0.598 t ha-1, both observed under the MPEH5 model.  It is noted that in the 

major rice producing provinces of Bulacan, Tarlac, Negros Oriental and Nueva Ecija, all 

the three models used projected positive increase in the yield of rice over the next 40 

years.  In view of the climate change scenario, these provinces shall remain to be key 

production areas for rice.  Other provinces found to have positive increase in yield across 
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all models used were Eastern Samar, Leyte, Northern Samar, Samar, Southern Leyte, 

Sultan Kudarat and Zamboanga del Norte.  With this, these areas may further be evaluated 

as possible expansion alternatives for rice production area. 

In the BCM2 model, majority of the provinces (73%) did not show significant 

change in yield of irrigated rice under the A1B greenhouse gas scenario. There were 20 

provinces (27%) that showed significant changes in yield (16 positive, 4 negative). This 

shows that the yield of irrigated rice in the 16 provinces will increase at a mean rate of 

0.097 t ha-1 and a mean reduction of 0.069 t ha-1 in the 4 provinces from the baseline rice 

yield data. With this, the net projected mean change in the yield of irrigated rice is 0.028 

t ha-1, still indicating a significant yield increase in irrigated rice.  The highest increase in 

yield of 0.208 t ha-1 is projected for Northern Samar, while the highest yield reduction of 

0.074 t ha-1 in Iloilo.  The major rice producing areas were all found to have a significant 

projected increase in yield while some areas, although with little area planted to rice, also 

gave positive projected change in yield.  Such an area like Samar even registered the 2nd 

highest projected increase next to Northern Samar at 0.203 t ha-1. 

In the CNCM3 model, 52% of the provinces showed significant change in the yield 

of irrigated rice while the remaining 48% did not show significant change in yield.  Of 

those with significant change in yield, 34 provinces are projected to have increase in yield 

and only 5 are projected to have yield reduction.  This shows that the effect of climate 

model is still favorable in terms of the growth in rice production in the future. The mean 

increase in the yield of the 34 provinces is estimated at 0.113 t ha-1 while the mean 

reduction in yield at 0.135 t ha-1.  Unlike in the BCM2 model, the projected net change in 

the rice production is negative at -0.022.  However, this is smaller compared to the 

estimate in the BCM2 model.  The highest projected increase in yield was for the province 
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of Northern Samar (0.397 t ha-1) followed by Leyte (0.226 t ha-1).  The biggest projected 

decrease in yield was for Maguindanao at 0.281 t ha-1. 

Similar results were observed in the MPEH5 model, wherein 70% of the provinces 

were to have significant projected change in rice yield.  This corresponds to 52 out of 74 

provinces considered nationwide.  Of these, the projected increase in rice yield ranged 

from 0.041 t ha-1 to 0.471 t ha-1.  The highest projected increase is for Camarines Norte 

and lowest in Tarlac.  Second highest increase in yield is projected for the province of 

Camarines Sur followed by Albay.  This further strengthens the potential of the Bicol 

region for rice production.  For the provinces with negative projected change in yield, the 

projected reduction ranged from 0.109 to 0.599 t ha-1.  Rice yield in the province of 

Laguna is projected to decrease by as much as 0.599 t ha-1 and by only 0.109 t ha-1 in the 

province of Cebu. 

 

 

Table 3. The projected change in yield of irrigated rice from January to June cropping 
period under the A1B scenario from 2011-2050.  

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Agusan del Norte -0.065 * -0.094 * 0.161 * 

Bulacan 0.046 * 0.088 *** 0.078 *** 

Eastern Samar 0.082 * 0.188 *** 0.227 *** 

Leyte 0.099 ** 0.226 *** 0.273 *** 

Negros Oriental 0.089 * 0.079 * -0.198 *** 

Northern Samar 0.208 *** 0.397 *** 0.179 ** 

Nueva Ecija 0.059 ** 0.059 ** 0.116 *** 

Quezon 0.143 ** 0.151 * -0.598 *** 

Samar 0.203 *** 0.204 *** 0.215 *** 

Southern Leyte 0.077 * 0.115 *** 0.214 *** 

Sultan Kudarat 0.078 *** 0.118 *** 0.061 ** 

Tarlac 0.047 * 0.090 *** 0.041 * 
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Zamboanga del Norte 0.111 *** 0.108 ** 0.168 *** 

Occidental Mindoro 0.067 * 0.043 ns 0.099 *** 

Siquijor 0.073 * 0.057 ns -0.198 *** 

Iloilo -0.074 * 0.011 ns -0.012 ns 

Catanduanes -0.072 ** 0.023 ns 0.408 *** 

Zamboanga del Sur 0.062 ** 0.033 ns 0.125 *** 

Aurora -0.066 ** -0.001 ns 0.031 ns 

Zamboanga Sibugay 0.107 *** 0.129 ns 0.170 ** 

North Cotabato 0.034 ns 0.047 * 0.070 ** 

Benguet -0.010 ns 0.045 * 0.155 *** 

Masbate 0.004 ns 0.077 * 0.388 *** 

Sorsogon -0.012 ns 0.044 * 0.407 *** 

Lanao del Sur 0.023 ns 0.168 * -0.059 ns 

Maguindanao -0.014 ns -0.281 * -0.129 ns 

Negros Occidental -0.018 ns -0.071 * 0.002 ns 

South Cotabato 0.008 ns 0.036 * -0.038 ns 

Palawan 0.002 ns 0.069 ** 0.059 ** 

Bataan 0.021 ns 0.051 ** 0.074 *** 

Nueva Vizcaya 0.008 ns 0.062 ** 0.156 *** 

Aklan -0.032 ns -0.140 ** -0.027 ns 

Ilocos Norte 0.012 ns 0.059 ** -0.076 ns 

Ilocos Sur 0.007 ns 0.113 ** 0.018 ns 

Oriental Mindoro 0.036 ns 0.050 ** 0.019 ns 

Pangasinan 0.046 ns 0.150 *** 0.047 * 

Kalinga 0.013 ns 0.083 *** 0.088 ** 

Mountain Province 0.018 ns 0.095 *** 0.090 ** 

Pampanga 0.034 ns 0.091 *** 0.047 ** 

Abra 0.003 ns 0.138 *** 0.165 *** 

Biliran 0.078 ns 0.176 *** 0.264 *** 

Apayao 0.012 ns 0.099 *** 0.040 ns 

Capiz -0.011 ns -0.090 *** -0.013 ns 

Ifugao -0.002 ns 0.106 *** 0.035 ns 

La Union -0.004 ns 0.155 *** 0.049 ns 

Quirino 0.024 ns 0.094 *** 0.009 ns 

Antique -0.001 ns -0.010 ns 0.070 * 

Bukidnon 0.007 ns 0.015 ns 0.042 * 

Cavite 0.102 ns 0.174 ns -0.327 * 

Romblon 0.012 ns 0.013 ns 0.021 * 

Agusan del Sur -0.028 ns 0.051 ns 0.090 ** 

Batangas 0.126 ns 0.047 ns -0.491 ** 

Bohol 0.026 ns 0.011 ns -0.112 ** 

Cebu 0.017 ns 0.013 ns -0.109 ** 

Davao del Sur -0.051 ns 0.054 ns 0.112 ** 

Davao Oriental -0.049 ns 0.048 ns 0.163 ** 
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Lanao del Norte -0.012 ns -0.005 ns 0.027 ** 

Marinduque 0.016 ns 0.001 ns 0.041 ** 

Rizal -0.023 ns 0.050 ns -0.193 ** 

Zambales 0.011 ns 0.028 ns 0.047 ** 

Albay -0.028 ns 0.042 ns 0.412 *** 

Cagayan 0.027 ns 0.029 ns 0.099 *** 

Camarines Norte 0.002 ns 0.025 ns 0.471 *** 

Camarines Sur -0.015 ns 0.041 ns 0.431 *** 

Davao del Norte -0.034 ns -0.002 ns 0.116 *** 

Isabela 0.020 ns 0.000 ns 0.087 *** 

Laguna 0.090 ns -0.074 ns -0.599 *** 

Basilan 0.068 ns -0.063 ns -0.053 ns 

Guimaras -0.007 ns -0.017 ns -0.009 ns 

Misamis Occidental -0.007 ns 0.018 ns 0.028 ns 

Misamis Oriental -0.015 ns -0.006 ns 0.008 ns 

Sarangani -0.001 ns 0.003 ns 0.013 ns 

Surigao del Norte -0.009 ns -0.020 ns 0.002 ns 

Surigao del Sur -0.020 ns -0.018 ns 0.017 ns 

Camiguin     -0.008 ns     

Overall significant change 27.0% (20 prov) 52.0% (39 prov) 70.3% (52 prov) 

Gainers (significant 
change) 80.0% (16 prov) 87.2% (34 prov) 82.7% (43 prov) 

 Losers (significant 
change) 20.0% (4 prov) 12.8% (5 prov) 17.3% (9 prov) 

Sig. mean + change 0.097  0.113  

    
0.149  

Sig. mean - change -0.069  -0.135  -0.314  
 
 

3.2.2. Irrigated rice (July-December) - A1B scenario  

There were only 7 provinces that showed significant change on the yield of July-

December irrigated rice under the three climate models used (Table 4). Under this A1B 

scenario, the effect of the two GCMs (BCM2 and CNCM3) showed little effect on the yield 

of irrigated rice for the said cropping period. Only 15 out of 74 provinces (20.2%) in the 

BCM2 model and 28 out of 75 provinces (37.3%) in the CNCM3 model showed significant 

change in yield. In the BCM2 model, the mean increase in yield will be only 0.121 t ha-1, 

while 0.214 t ha-1 in the CNCM3 model. In the MPEH5 model, 88.0% of the provinces 
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showed significant changes on the yield of irrigated rice, while the rest of the provinces 

will not be affected and will remain to have the same yield level. Still in the MPEH5 model, 

majority of the provinces (60.7%) that showed significant change in yield will be 

expected to have a mean increase in yield of 0.2 t ha-1 in the next 40 years (2011-2050). 

The highest significant increase in yield of 0.58 t ha-1 and 0.562 t ha-1 will be 

expected in the provinces of Zamboanga del Norte and Cavite under the MPEH5 and 

CNCM3 models, respectively. However, the highest significant decrease in yield of 0.504 

t ha-1 will also be expected under the MPEH5 model in the province of Tarlac. 

Table 4. The projected change in yield of irrigated rice from July to December cropping 
period under the A1B scenario from 2011-2050. 

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Bukidnon 0.101 *** 0.176 *** 0.233 *** 

Compostela Valley 0.069 ** 0.132 *** -0.124 ** 

Lanao del Norte 0.080 *** 0.112 *** 0.158 *** 

Misamis Occidental 0.073 *** 0.158 *** 0.231 *** 

Siquijor 0.045 *** 0.028 * 0.119 *** 

Zamboanga del Norte 0.233 *** 0.468 *** 0.580 *** 

Zamboanga del Sur 0.145 *** 0.562 *** 0.573 *** 

Batangas 0.177 * 0.262 ** 0.039 ns 

La Union 0.117 * -0.155 ** 0.044 ns 

Camarines Norte -0.071 * 0.072 ns 0.170 ** 

Davao del Sur 0.106 ** -0.060 ns -0.203 *** 

Surigao del Sur 0.102 ** -0.100 ns -0.132 *** 

Ilocos Sur 0.132 ** -0.008 ns 0.028 ns 

Quezon 0.186 *** 0.246 *** 0.159 ns 

Davao Oriental 0.133 *** -0.056 ns -0.207 *** 

Sultan Kudarat 0.062 ns 0.203 * 0.165 ** 

Capiz -0.002 ns -0.068 * 0.144 *** 

Pampanga -0.038 ns -0.173 * -0.435 *** 

Negros Occidental -0.012 ns -0.058 * 0.002 ns 

Aklan -0.020 ns -0.065 ** 0.050 * 

Rizal -0.026 ns -0.366 ** -0.281 * 

Agusan del Sur -0.031 ns -0.127 ** -0.103 *** 
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Bataan 0.021 ns -0.221 ** -0.415 *** 

Cavite -0.037 ns -0.343 ** -0.343 *** 

Laguna 0.091 ns -0.274 ** -0.217 *** 

Misamis Oriental 0.032 ns 0.060 ** 0.148 *** 

Tarlac -0.084 ns -0.208 ** -0.504 *** 

Zambales 0.042 ns -0.212 ** -0.380 *** 

Ilocos Norte 0.074 ns -0.189 ** 0.083 ns 

Leyte -0.020 ns 0.105 *** 0.152 *** 

Pangasinan 0.053 ns -0.153 *** 0.050 ns 

North Cotabato 0.007 ns 0.028 ns 0.153 * 

Occidental Mindoro 0.022 ns -0.038 ns -0.047 * 

Catanduanes -0.035 ns 0.017 ns 0.133 ** 

Ifugao -0.033 ns -0.059 ns 0.084 ** 

Masbate 0.045 ns 0.103 ns 0.166 ** 

Southern Leyte -0.008 ns 0.068 ns 0.086 ** 

Surigao del Norte 0.015 ns -0.054 ns -0.096 ** 

Albay 0.019 ns 0.007 ns 0.237 *** 

Antique 0.008 ns -0.059 ns 0.098 *** 

Apayao 0.054 ns -0.012 ns 0.059 *** 

Aurora -0.065 ns -0.064 ns -0.323 *** 

Biliran -0.033 ns 0.046 ns 0.131 *** 

Bohol 0.010 ns -0.024 ns 0.122 *** 

Bulacan 0.012 ns -0.111 ns -0.414 *** 

Cagayan 0.080 ns -0.123 ns 0.486 *** 

Camarines Sur 0.024 ns 0.076 ns 0.287 *** 

Cebu 0.001 ns 0.010 ns 0.110 *** 

Davao del Norte -0.002 ns -0.085 ns -0.295 *** 

Eastern Samar 0.014 ns 0.053 ns 0.113 *** 

Guimaras 0.026 ns 0.005 ns 0.193 *** 

Iloilo 0.025 ns -0.045 ns 0.191 *** 

Isabela -0.092 ns -0.004 ns 0.332 *** 

Marinduque -0.003 ns 0.012 ns -0.080 *** 

Negros Oriental 0.013 ns 0.002 ns 0.114 *** 

Northern Samar -0.007 ns 0.064 ns 0.151 *** 

Nueva Ecija -0.038 ns -0.129 ns -0.420 *** 

Oriental Mindoro 0.004 ns -0.027 ns -0.075 *** 

Samar -0.031 ns 0.049 ns 0.152 *** 

Sorsogon -0.007 ns 0.091 ns 0.259 *** 

Abra 0.008 ns -0.008 ns -0.014 ns 

Agusan del Norte 0.035 ns 0.039 ns -0.065 ns 

Basilan 0.006 ns 0.057 ns -0.034 ns 

Benguet -0.120 ns 0.010 ns -0.019 ns 

Kalinga -0.091 ns 0.033 ns -0.007 ns 

Lanao del Sur -0.084 ns 0.126 ns 0.048 ns 

Maguindanao 0.004 ns 0.107 ns -0.022 ns 
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Mountain Province -0.149 ns 0.078 ns 0.002 ns 

Nueva Vizcaya -0.003 ns 0.020 ns -0.029 ns 

Quirino -0.011 ns 0.001 ns -0.021 ns 

Sarangani -0.057 ns 0.115 ns 0.002 ns 

South Cotabato 0.062 ns 0.136 ns 0.063 ns 

Palawan 0.015 ns -0.055 ** -0.066 *** 

Zamboanga Sibugay    0.557 *** 0.533 *** 

Romblon -0.021 ns  -0.020 ns -0.054 *** 

       
Overall significant change 20.3% (15 prov)  37.3% (28 prov) 74.7% (56 prov) 

Gainers (significant  + 
change) 93.3% (14 prov) 46.4% (13 prov) 60.7% (34 prov) 

Losers (significant  - change) 6.7% (1 prov) 53.6% (15 prov) 39.3% (22 prov) 

Sig. mean + change, t ha-1 0.121 0.214 0.200 

Sig.mean – change, t ha-1 -0.071 -0.178 -0.237 

 

3.2.3. Rainfed rice (July-December) – A1B scenario  

There were only 6 provinces (Batangas, Biliran, Ilocos Norte, La Union, Quezon 

and Quirino) that showed significant changes on the yield of rainfed rice under the three 

GCMs (Table 5). The number of provinces that showed significant change in yield 

increased with the model in the order BCM2 (19 provinces) < CNCM3 (30 provinces) < 

MPEH (54 provinces). In the BCM2 model, the increase in yield ranged from 0.018-0.245 

t ha-1 and a mean of 0.118 t ha-1. Projected highest increase in yield of 0.245 t ha-1 will be 

expected in the province of Surigao del Sur. Highest decrease in yield of 0.245 t ha-1 is 

expected in the province of South Cotabato. In the CNCM3 model, 30 out of 73 provinces 

showed significant change on the yield of rainfed rice. Eighteen provinces showed  

positive change with a mean increase in yield of 0.167 t ha-1, while 12 provinces is 

expected to have a mean decrease in yield of 0.247 t ha-1. Highest increase in yield of 0.361 

t ha-1 is expected in the province of Batangas, while the highest decrease of 0.593 t ha-1 

is expected in South Cotabato. In the MPEH5 model, majority of the provinces (73%) will 

be expected to have a significant change (38 provinces: positive; 16 provinces: negative) 
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on the yield of rainfed rice. The projected expected increase in yield ranged from 0.099 t 

ha-1 (La Union) to 0.481 t ha-1 (Laguna), while the expected decrease in yield ranged from 

0.033 t ha-1 from Siquijor to 0.296 t ha-1 from Tarlac. 

Table 5. The projected change in yield of rainfed rice from July to December cropping 
period under the A1B scenario from 2011-2050. 

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Batangas 0.195 *** 0.361 *** 0.250 *** 

Biliran -0.057 * 0.143 *** -0.078 * 

Ilocos Norte 0.098 ** -0.154 *** 0.245 *** 

La Union 0.082 * -0.148 *** 0.099 * 

Quezon 0.170 *** 0.347 *** 0.273 *** 

Quirino -0.051 * -0.059 * 0.208 *** 

Sarangani -0.188 * -0.289 ** 0.013 ns 

Davao del Norte -0.076 * -0.007 ns -0.074 * 

Aurora -0.060 * -0.038 ns -0.248 *** 

Basilan 0.018 * -0.008 ns 0.120 *** 

Surigao del Norte 0.135 * 0.048 ns 0.209 *** 

Davao Oriental -0.114 ** -0.077 ns -0.094 * 

Surigao del Sur 0.245 ** 0.006 ns 0.133 ** 

Ifugao -0.105 ** 0.044 ns 0.164 *** 

Nueva Vizcaya -0.090 ** -0.018 ns 0.178 *** 

Southern Leyte -0.041 ** 0.037 ns -0.085 *** 

Sulu 0.041 ** 0.024 ns 0.128 *** 

Ilocos Sur 0.079 ** -0.001 ns 0.045 ns 

South Cotabato -0.245 *** -0.593 *** 0.069 ns 

Antique -0.027 ns 0.122 * 0.170 *** 

Bukidnon -0.030 ns -0.229 * 0.057 ns 

Sultan Kudarat 0.082 ns 0.230 * 0.159 ns 

Rizal -0.015 ns -0.353 ** 0.345 ** 

Agusan del Norte -0.012 ns 0.343 ** 0.342 *** 

Bataan 0.026 ns -0.164 ** -0.180 *** 

Iloilo 0.011 ns 0.080 ** 0.207 *** 

Negros Occidental 0.011 ns 0.131 ** 0.164 *** 

Eastern Samar 0.005 ns 0.097 ** -0.031 ns 

Lanao del Sur 0.008 ns -0.106 ** -0.087 ns 

Northern Samar -0.004 ns 0.082 ** -0.034 ns 

Occidental Mindoro 0.005 ns 0.100 ** 0.020 ns 

Oriental Mindoro -0.004 ns 0.095 ** 0.014 ns 
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Palawan -0.001 ns 0.121 ** 0.029 ns 

Samar -0.006 ns 0.087 ** -0.018 ns 

Pangasinan 0.007 ns -0.124 *** 0.097 ** 

Camarines Sur 0.024 ns -0.274 *** 0.450 *** 

Cavite -0.026 ns -0.468 *** 0.373 *** 

Guimaras 0.028 ns 0.139 *** 0.198 *** 

Zamboanga del Norte 0.011 ns 0.179 *** 0.229 *** 

Zamboanga del Sur -0.030 ns 0.236 *** 0.211 *** 

Leyte -0.029 ns 0.118 *** -0.003 ns 

Davao del Sur -0.052 ns -0.055 ns -0.096 * 

Misamis Oriental -0.036 ns 0.054 ns -0.176 * 

North Cotabato 0.002 ns 0.142 ns 0.199 * 

Negros Oriental -0.008 ns -0.042 ns -0.045 ** 

Siquijor 0.000 ns -0.008 ns -0.033 ** 

Abra -0.005 ns -0.008 ns 0.165 *** 

Agusan del Sur -0.020 ns -0.015 ns 0.308 *** 

Aklan 0.018 ns 0.042 ns 0.245 *** 

Albay -0.012 ns -0.077 ns 0.409 *** 

Apayao -0.018 ns -0.028 ns 0.151 *** 

Benguet -0.029 ns -0.028 ns 0.217 *** 

Bulacan 0.016 ns -0.037 ns -0.247 *** 

Camarines Norte 0.011 ns -0.044 ns 0.325 *** 

Capiz 0.011 ns 0.028 ns 0.235 *** 

Catanduanes -0.007 ns -0.026 ns 0.282 *** 

Cebu -0.010 ns -0.026 ns -0.035 *** 

Kalinga -0.063 ns -0.018 ns 0.282 *** 

Laguna -0.049 ns -0.224 ns 0.481 *** 

Maguindanao 0.003 ns -0.003 ns 0.107 *** 

Masbate -0.009 ns 0.021 ns 0.260 *** 

Mountain Province -0.060 ns -0.027 ns 0.236 *** 

Nueva Ecija -0.024 ns 0.010 ns -0.219 *** 

Pampanga -0.007 ns -0.080 ns -0.250 *** 

Sorsogon -0.015 ns -0.003 ns 0.387 *** 

Tarlac -0.005 ns -0.043 ns -0.296 *** 

Zambales 0.049 ns -0.066 ns -0.236 *** 

Bohol -0.001 ns -0.005 ns -0.015 ns 

Cagayan 0.081 ns -0.038 ns -0.017 ns 

Isabela 0.055 ns 0.007 ns 0.025 ns 

Marinduque 0.001 ns 0.004 ns -0.002 ns 

Misamis Occidental 0.055 ns 0.034 ns -0.018 ns 

Romblon -0.006 ns 0.008 ns 0.006 ns 

              

Overall significant change 26.0 
(19 
prov) 40.5 (30 prov) 73.0 (54 prov) 

Gainers (sig. + change) 47.4 (9 prov) 60.0 (18 prov) 70.4 (38 prov) 
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Losers (sig. - change) 52.6 
(10 
prov) 40.0 (12 prov) 29.6 (16 prov) 

Sig. mean + change 0.118   0.167   4.2   

Sig. mean - change -0.103   -0.247   -0.149   

 

3.2.4. Irrigated rice (January-June) – A2 scenario  

The A2 scenarios are of a more divided world. The A2 family of scenarios is 

characterized by: a world of independently operating, self-reliant nations; continuously 

increasing population; regionally oriented economic development; and slower and more 

fragmented technological changes and improvements to per capita income. 

Under this scenario, there were 13 provinces that showed significant change on 

the yield of January-June irrigated rice in all the GCMs (Table 6). Generally, a significant 

positive change on the yield of irrigated rice in the 13 provinces can be expected under 

the three GCMs for the next 40 years. There were 19, 29 and 39 provinces that will be 

expected to have a significant increase on the yield of irrigated rice under the BCM2, 

CNCM3 and MPEH5 models, respectively. 

In the BCM2 model, 19 out of 24 provinces (79.2%) will be expected to have an 

increase on yield with a mean increase of 0.097 t ha-1. The expected increase on the yield 

of rice ranged from 0.043-0.203 t ha-1, while the decrease ranged from 0.036 to 0.091 t 

ha-1. 

In the CNCM3 model, almost all the provinces (93.3%) that showed a significant 

change on the yield of irrigated rice will be expected to have an increase of 0.036-0.261 t 

ha-1 or a mean annual yield increase of 0.113 t ha-1. Only the provinces of Capiz (0.054 t 

ha-1) and Laguna (0.16 t ha-1) showed a minimal decrease on the yield of January to June 

irrigated rice. 
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In the MPEH5 model, there were 49 provinces (69%) that showed significant 

change on the yield of irrigated rice. There will be 39 provinces that are expected to have 

an increase of 0.034-0.437 t ha-1 or a mean increase of 0.167 t ha-1. Ten provinces will 

experience a significant mean decrease in yield of 0.299 t ha-1. 

Table 6. The projected change in yield of irrigated rice from January to June cropping 
period under the A2 scenario from 2011-2050. 

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Bataan 0.045 ** 0.046 ** 0.073 *** 

Biliran 0.127 ** 0.156 *** 0.281 *** 

Bulacan 0.043 * 0.056 ** 0.082 *** 

Eastern Samar 0.110 ** 0.162 *** 0.230 *** 

Leyte 0.103 ** 0.211 *** 0.316 *** 

Negros Oriental 0.139 *** 0.114 *** -0.131 ** 

Northern Samar 0.202 *** 0.261 *** 0.328 *** 

Nueva Ecija 0.072 *** 0.050 ** 0.089 *** 

Occidental Mindoro 0.069 * 0.059 ** 0.098 *** 

Pangasinan 0.063 * 0.118 *** 0.096 *** 

Samar 0.203 *** 0.203 *** 0.192 *** 

Southern Leyte 0.110 * 0.131 *** 0.223 *** 

Zamboanga del Norte 0.101 *** 0.114 *** 0.170 *** 

Mountain Province 0.047 * 0.062 * 0.059 ns 

Oriental Mindoro 0.058 * 0.041 * 0.033 ns 

Aklan -0.050 * -0.082 ns -0.014 ns 

Davao Oriental -0.077 * 0.047 ns 0.031 ns 

Misamis Occidental -0.036 * 0.002 ns 0.016 ns 

Apayao 0.050 ** 0.079 *** 0.036 ns 

Batangas 0.178 ** 0.007 ns -0.480 ** 

Davao del Norte -0.091 ** 0.041 ns 0.010 ns 

Davao del Sur -0.101 ** 0.037 ns 0.008 ns 

Quirino 0.065 *** 0.077 *** 0.007 ns 

Zamboanga del Sur 0.067 *** 0.078 ns 0.102 ** 

Palawan 0.036 ns 0.051 * 0.061 ** 

Camarines Sur 0.032 ns 0.087 * 0.393 *** 

Capiz -0.004 ns -0.054 * 0.001 ns 

Laguna -0.045 ns -0.160 ** -0.572 *** 

North Cotabato 0.036 ns 0.058 ** 0.096 *** 

Siquijor 0.010 ns 0.085 ** -0.165 *** 

Iloilo -0.041 ns 0.089 ** 0.008 ns 
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Kalinga 0.037 ns 0.063 *** 0.070 ** 

Abra 0.038 ns 0.111 *** 0.177 *** 

Marinduque 0.025 ns 0.036 *** 0.062 *** 

Pampanga 0.031 ns 0.084 *** 0.084 *** 

Ifugao 0.035 ns 0.071 *** 0.036 ns 

Sultan Kudarat 0.031 ns 0.108 *** 0.052 ns 

Agusan del Norte 0.004 ns 0.027 ns 0.137 * 

Agusan del Sur 0.049 ns -0.019 ns 0.080 * 

Bohol -0.011 ns -0.006 ns -0.084 * 

Cebu -0.030 ns 0.024 ns -0.077 * 

Ilocos Sur 0.007 ns 0.067 ns 0.084 * 

Bukidnon 0.009 ns -0.004 ns 0.050 ** 

Cavite 0.064 ns 0.063 ns -0.488 ** 

La Union 0.039 ns 0.068 ns 0.088 ** 

Rizal -0.014 ns -0.019 ns -0.178 ** 

Romblon 0.023 ns 0.004 ns 0.034 ** 

Zambales -0.005 ns 0.021 ns 0.060 ** 

Zamboanga Sibugay 0.074 ns 0.064 ns 0.197 ** 

Albay 0.010 ns 0.065 ns 0.359 *** 

Benguet 0.004 ns 0.016 ns 0.147 *** 

Cagayan 0.024 ns 0.014 ns 0.099 *** 

Catanduanes -0.004 ns 0.026 ns 0.406 *** 

Isabela 0.025 ns -0.005 ns 0.076 *** 

Lanao del Norte 0.019 ns 0.000 ns 0.044 *** 

Nueva Vizcaya 0.021 ns 0.031 ns 0.169 *** 

Quezon 0.082 ns 0.106 ns -0.569 *** 

Sorsogon 0.035 ns 0.045 ns 0.400 *** 

Tarlac 0.022 ns -0.029 ns 0.072 *** 

Antique 0.022 ns 0.017 ns 0.044 ns 

Aurora 0.002 ns 0.012 ns 0.029 ns 

Basilan 0.054 ns 0.039 ns -0.001 ns 

Guimaras -0.013 ns -0.022 ns 0.007 ns 

Ilocos Norte 0.032 ns 0.022 ns -0.111 ns 

Lanao del Sur 0.066 ns 0.120 ns 0.036 ns 

Misamis Oriental -0.048 ns -0.010 ns -0.001 ns 

Negros Occidental -0.020 ns -0.033 ns 0.016 ns 

Sarangani -0.026 ns 0.015 ns 0.001 ns 

South Cotabato -0.005 ns 0.022 ns -0.030 ns 

Surigao del Norte 0.016 ns -0.002 ns -0.035 ns 

Surigao del Sur 0.005 ns 0.012 ns -0.002 ns 

Camiguin     -0.020 ns     

Gainers (significant) 79.2% (19 provinces) 96.7% (29 provinces) 79.6% (39 provinces) 

 Losers (significant) 20.8% (5 provinces) 3.3% (1 provinces) 20.4% (10 provinces) 

Sig. mean + change 0.097  0.113  0.149  
Sig. mean - change -0.069  -0.135  -0.314  
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3.2.5. Irrigated rice (July-December) - A2 scenario 

Generally, low percentages of the provinces in the BCM2 (17.6%) and CNCM3 

(12.0%) models showed significant changes on the yield of July to December irrigated 

rice under the A2 scenario (Table 7). In the MPEH5 model, more than half of the provinces 

(68.0%) are expected to have a significant change in yield of irrigated rice from the 

covered projected years. There were only 7 provinces (Bukidnon, Compostela Valley, 

Lanao del Norte, Misamis Occidental, Quezon, Zamboanga del Norte and Zamboanga del 

Sur) that showed significant yield change under the three GCMs. 

In the BCM2 model, majority of the provinces will be expected to have their yield 

levels unchanged. Only 13 provinces will be expected to have a significant yield change 

with 12 provinces expecting a mean yield increase of 0.129 t ha-1 and a decrease of 0.044 

t ha-1 in the province of Agusan del Sur from 2011-2050. The highest yield increase of 

0.293 t ha-1 is expected in the province of Batangas. 

In the CNCM3 model, similar results from the BCM2 model were obtained. 

Majority of the provinces (88.0%) will not experience any change on the yield of July-

December irrigated rice. Nine provinces are expected to have a yield increase of 0.075-

0.419 t ha-1 or a mean yield increase of 0.025 t ha-1. Only the province of Antique will 

experience a decrease in yield of 0.072 t ha-1. 

In the MPEH5 model, majority of the provinces (68.0%) will be expected to have 

a significant change on the yield of rice. The expected increase in yield ranged from 0.07 

t ha-1 (Aklan) to 0.386 t ha-1 (Cagayan) or a mean yield increase of 0.065 t ha-1. Twenty 

provinces are expecting a decrease in yield of 0.056 t ha-1 from the province of Occidental 
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Mindoro to as high as 0.456 t ha-1 from the province of Tarlac. The mean yield decrease 

is expected at 0.056 t ha-1. 

Table 7. The projected change in yield of irrigated rice from July to December cropping 
period under the A2 scenario from 2011-2050. 

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Bukidnon 0.086 *** 0.119 *** 0.261 *** 

Compostela Valley 0.071 ** 0.113 ** -0.166 *** 

Lanao del Norte 0.061 *** 0.075 ** 0.174 *** 

Misamis Occidental 0.064 ** 0.089 *** 0.256 *** 

Quezon 0.209 *** 0.313 *** 0.203 * 

Zamboanga del Norte 0.204 *** 0.418 *** 0.721 *** 

Zamboanga del Sur 0.182 *** 0.419 *** 0.768 *** 

Agusan del Sur -0.04402 * -0.08766 ns -0.025 ns 

Catanduanes 0.07895 ** 0.073046 ns 0.21033 *** 

Masbate 0.115144 ** 0.040241 ns 0.225281 *** 

Davao Oriental 0.127912 *** 0.00161 ns -0.1972 *** 

Siquijor 0.059337 *** 0.011995 ns 0.106482 *** 

Batangas 0.292921 *** 0.193723 ns 0.143561 ns 

Lanao del Sur 0.093021 ns 0.159865 * -0.032 ns 

Antique 0.004024 ns -0.0729 ** 0.085851 *** 

Biliran 0.006338 ns -0.03665 ns 0.09233 * 

Cavite 0.057114 ns -0.13323 ns -0.2215 * 

Kalinga -0.07837 ns 0.022509 ns -0.06669 * 

Aklan -0.00301 ns -0.00174 ns 0.070303 ** 

Davao del Sur 0.031823 ns -0.00221 ns -0.16598 ** 

Occidental Mindoro 0.003044 ns -0.01685 ns -0.05602 ** 

Rizal 0.057722 ns -0.18573 ns -0.3044 ** 

Albay 0.029315 ns 0.012444 ns 0.294233 *** 

Aurora 0.022606 ns -0.05702 ns -0.32638 *** 

Bataan 0.047808 ns 0.005979 ns -0.35045 *** 

Bohol -0.00456 ns -0.00553 ns 0.129035 *** 

Bulacan 0.026876 ns -0.99714 ns -0.41161 *** 

Cagayan 0.012343 ns -0.05833 ns 0.386372 *** 

Camarines Norte 0.026481 ns 0.081675 ns 0.229838 *** 

Camarines Sur 0.030814 ns 0.095288 ns 0.348664 *** 

Capiz -0.01401 ns -0.06447 ns 0.129791 *** 

Cebu 0.023813 ns 0.005369 ns 0.111164 *** 

Davao del Norte -0.00476 ns 0.018117 ns -0.19256 *** 

Eastern Samar -0.0227 ns -0.05447 ns 0.116839 *** 
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Guimaras 0.029527 ns -0.01244 ns 0.111091 *** 

Ilocos Norte 0.058634 ns -0.05084 ns 0.179545 *** 

Iloilo 0.023041 ns -0.03097 ns 0.130362 *** 

Isabela -0.09721 ns -0.05204 ns 0.337204 *** 

Laguna 0.016001 ns -0.0488 ns -0.24986 *** 

Leyte -0.01875 ns 0.034435 ns 0.182862 *** 

Marinduque -0.00248 ns 0.004184 ns -0.08151 *** 

Misamis Oriental 0.014015 ns 0.030928 ns 0.20174 *** 

Negros Oriental 0.009378 ns 0.017834 ns 0.131627 *** 

Northern Samar 0.002037 ns 0.005989 ns 0.140259 *** 

Nueva Ecija 0.01275 ns -0.00966 ns -0.43177 *** 

Oriental Mindoro -0.01351 ns 0.009303 ns -0.07689 *** 

Palawan -0.00242 ns 0.00678 ns -0.06124 *** 

Pampanga 0.017016 ns -0.01527 ns -0.4117 *** 

Romblon -0.01563 ns -0.02236 ns -0.06497 *** 

Samar -0.04003 ns 0.003109 ns 0.146345 *** 

Sorsogon 0.009974 ns 0.07952 ns 0.304736 *** 

Southern Leyte 0.036588 ns -0.01633 ns 0.166741 *** 

Tarlac 0.033319 ns -0.03709 ns -0.45569 *** 

Zambales 0.008152 ns -0.05564 ns -0.38181 *** 

Abra 0.005458 ns -0.03373 ns 0.007528 ns 

Agusan del Norte -0.06017 ns 0.003035 ns 0.020066 ns 

Apayao 0.034424 ns -0.00903 ns 0.038262 ns 

Basilan 0.016857 ns 0.026407 ns 0.033305 ns 

Benguet -0.08936 ns 0.013035 ns -0.0036 ns 

Ifugao -0.06631 ns -0.02063 ns 0.021168 ns 

Ilocos Sur 0.009271 ns 0.024877 ns -0.01292 ns 

La Union -0.02287 ns 0.015244 ns 0.016908 ns 

Maguindanao 0.004763 ns 0.109945 ns -0.00423 ns 

Mountain Province -0.1218 ns 0.045404 ns -0.01431 ns 

Negros Occidental -0.0071 ns -0.03015 ns -0.0002 ns 

North Cotabato -0.02719 ns -0.00873 ns 0.077444 ns 

Nueva Vizcaya 0.018241 ns -0.02364 ns -0.0055 ns 

Pangasinan 0.000492 ns 0.002616 ns 0.030143 ns 

Quirino -0.00256 ns 0.023489 ns -0.01495 ns 

Sarangani -0.01205 ns 0.117455 ns 0.043765 ns 

South Cotabato 0.03689 ns 0.134663 ns -0.01528 ns 

Sultan Kudarat -0.02475 ns -0.02301 ns 0.085734 ns 

Surigao del Norte -0.01476 ns 0.00723 ns -0.01151 ns 

Surigao del Sur 0.013083 ns -0.05623 ns 0.016424 ns 

Zamboanga Sibugay    0.476569 *** 0.731797 *** 

            

Overall significant change 17.6% (13 prov) 12.0% (9 prov) 68.0% (51 prov) 

Gainers (sig. + change) 92.3% (12 prov) 88.9% (8 prov) 60.8% (31 prov) 

Losers (sig. - change) 7.7% (1 prov) 11.1% (1 prov) 39.2% (20 prov) 
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Sig. mean + change 0.129 0.025 0.065 

Sig. mean - change -0.044 -0.040 -0.056 

 

3.2.6. Rainfed rice (July-December) – A2 scenario 

There were only 4 provinces that showed significant changes under the three 

general circulation models (GCMs) in the rainfed rice July-December cropping season 

(Table 8). Majority of the provinces did not show a significant change on the yield of 

rainfed rice. The effect of the three GCMs showed a significant yield change in the order 

of CNCM3 (18.9%) < BCM2 (27.4%) < MPEH5 (62.2%). The highest significant increase 

in yield of rainfed rice is expected in Laguna at 0.535 t ha-1 under the MPEH5 model, while 

the highest reduction in yield is expected in South Cotabato at 0.414 t ha-1 observed under 

the CNCM3 model. 

In the BCM2 model, majority of the provinces (75.3%) did not show significant 

change in yield of rainfed rice under the A2 greenhouse gas scenario. There were 18 

provinces (24.7%) that showed significant changes in yield (15 positive, 3 negative). This 

shows that the yield of irrigated rice in the 15 provinces will increase at a mean rate of 

0.097 t ha-1 and a mean reduction of 0.129 t ha-1 in the 3 provinces. The highest increase 

in yield of 0.258 t ha-1 is projected for Sultan Kudarat, while the highest yield reduction 

of about 0.044 t ha-1 from Antique. The projected net change in rice production is -0.032 

t ha-1. 

In the CNCM3 model, only 18.9% of the provinces showed significant change in 

the yield of irrigated rice while the remaining 81.1% did not show significant change in 

yield.  Of those with significant change in yield, 9 provinces are projected to have increase 

in yield and 5 are projected to have yield reduction.  The mean increase in the yield of the 
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9 provinces is estimated at 0.169 t ha-1 while the mean reduction in yield at 0.143 t ha-1.  

Unlike the BCM2 model, the projected net change in the rice production is positive at 

0.026 t ha-1.  The highest projected increase in yield will be for the province of Batangas 

(0.312 t ha-1).  The biggest projected decrease in yield was for South Cotabato at 0.414 t 

ha-1. 

In the MPEH5 model, majority of the provinces (62.2%) are expected to have a 

significant projected change in rice yield.  This corresponds to 46 out of 73 provinces 

considered nationwide.  Of these, the projected increase in rice yield ranged from 0.01 t 

ha-1 (Romblon) to 0.535 t ha-1 (Laguna). For the provinces with negative projected change 

in yield, the projected reduction ranged from 0.144 (Bataan) to 0.255 t ha-1 (Aurora). 

Table 8. The projected change in yield of rainfed rice from July to December cropping 
period under the A2 scenario from 2011-2050. 

 

PROVINCE 
PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Antique -0.044 * 0.108 ** 0.195 *** 

Batangas 0.223 *** 0.312 *** 0.290 *** 

Benguet 0.055 * -0.094 ** 0.239 *** 

Quezon 0.194 *** 0.301 *** 0.280 *** 

North Cotabato 0.190 * -0.137 ns 0.333 ** 

Basilan 0.021 * -0.001 ns 0.082 *** 

Laguna -0.146 * -0.167 ns 0.535 *** 

Biliran 0.066 * -0.020 ns -0.063 ns 

Cebu 0.019 * -0.026 ns -0.008 ns 

Eastern Samar 0.042 * 0.037 ns -0.017 ns 

Leyte 0.035 * 0.032 ns 0.000 ns 

South Cotabato -0.196 ** -0.414 *** 0.005 ns 

Sulu 0.027 ** 0.008 ns 0.083 *** 

Bohol 0.022 ** -0.009 ns 0.006 ns 

Davao Oriental 0.118 ** -0.087 ns 0.046 ns 

Southern Leyte 0.042 ** 0.004 ns -0.025 ns 

Sultan Kudarat 0.258 *** 0.097 ns 0.184 * 

Davao del Sur 0.137 *** -0.055 ns 0.053 ns 

Agusan del Norte -0.097 ns 0.230 * 0.274 ** 
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Catanduanes 0.003 ns 0.113 * 0.300 *** 

Mountain Province -0.037 ns -0.069 * 0.277 *** 

Bukidnon -0.081 ns 0.227 * 0.103 ns 

Lanao del Sur -0.008 ns -0.072 * 0.001 ns 

Oriental Mindoro 0.002 ns 0.058 * -0.007 ns 

Guimaras -0.005 ns 0.058 ** 0.196 *** 

Negros Occidental -0.011 ns 0.111 ** 0.153 *** 

Quirino -0.023 ns -0.065 ** 0.214 *** 

Pangasinan 0.005 ns -0.028 ns 0.076 * 

Romblon 0.001 ns -0.008 ns 0.010 * 

Rizal 0.060 ns -0.177 ns 0.295 ** 

Abra 0.000 ns -0.019 ns 0.162 *** 

Agusan del Sur -0.036 ns 0.029 ns 0.258 *** 

Aklan -0.013 ns 0.029 ns 0.146 *** 

Albay -0.051 ns -0.052 ns 0.408 *** 

Apayao -0.025 ns -0.029 ns 0.160 *** 

Aurora -0.024 ns -0.003 ns -0.255 *** 

Bataan 0.048 ns 0.072 ns -0.144 *** 

Bulacan 0.051 ns 0.053 ns -0.151 *** 

Camarines Norte -0.034 ns 0.102 ns 0.330 *** 

Camarines Sur 0.003 ns 0.026 ns 0.469 *** 

Capiz -0.010 ns -0.004 ns 0.184 *** 

Cavite -0.079 ns -0.252 ns 0.385 *** 

Ifugao -0.069 ns 0.050 ns 0.194 *** 

Ilocos Norte 0.041 ns -0.010 ns 0.208 *** 

Iloilo -0.021 ns 0.044 ns 0.177 *** 

Kalinga -0.030 ns -0.013 ns 0.291 *** 

Maguindanao 0.025 ns 0.066 ns 0.141 *** 

Masbate 0.053 ns -0.047 ns 0.234 *** 

Nueva Ecija -0.022 ns 0.094 ns -0.172 *** 

Nueva Vizcaya -0.039 ns -0.033 ns 0.199 *** 

Pampanga 0.051 ns 0.034 ns -0.179 *** 

Sorsogon -0.031 ns 0.023 ns 0.363 *** 

Surigao del Norte 0.008 ns -0.028 ns 0.385 *** 

Surigao del Sur 0.102 ns -0.014 ns 0.381 *** 

Tarlac 0.073 ns 0.049 ns -0.244 *** 

Zambales -0.002 ns 0.058 ns -0.201 *** 

Zamboanga del Norte 0.054 ns -0.025 ns 0.237 *** 

Zamboanga del Sur 0.031 ns 0.076 ns 0.277 *** 

Cagayan 0.055 ns 0.065 ns 0.041 ns 

Davao del Norte 0.053 ns -0.029 ns 0.047 ns 

Ilocos Sur -0.006 ns 0.057 ns 0.002 ns 

Isabela 0.035 ns 0.043 ns -0.029 ns 

La Union 0.006 ns -0.016 ns 0.073 ns 



34 
 

Marinduque -0.001 ns -0.002 ns 0.002 ns 

Misamis Occidental 0.056 ns 0.063 ns -0.031 ns 

Misamis Oriental -0.008 ns -0.081 ns -0.071 ns 

Negros Oriental 0.020 ns -0.028 ns -0.016 ns 

Northern Samar 0.005 ns 0.040 ns -0.019 ns 

Occidental Mindoro -0.001 ns 0.057 ns -0.008 ns 

Palawan -0.002 ns 0.049 ns -0.029 ns 

Samar 0.018 ns 0.034 ns -0.027 ns 

Sarangani -0.144 ns -0.172 ns 0.014 ns 

Siquijor 0.015 ns 0.010 ns -0.009 ns 

              

Overall significant change 24.7 
(18 
prov) 18.9 (14 prov) 62.2 

(46 
prov) 

Gainers (sig. + change) 80.0 
(15 
prov) 64.3 (9 prov) 84.8 

(39 
prov) 

Losers (sig. - change) 20.0 (3 prov) 35.7 (5 prov) 15.2 (7 prov) 

Sig. mean + change 0.097 0.169 0.246 

Sig. mean - change -0.129 -0.143 -0.192 

 
 

3.2.7. White Corn Under A2 and A1B Scenarios 

The change in yield of white corn was projected under the A2 and A1B scenarios. It was 

observed that the yield of white corn will decline across all three Global Climate Models: 

BCM2, CNCM3 and MPEH5, and for both A2 and A1B scenarios. Tables 9 and 10 showed 

the projected change in yield of white corn under the A2 and A1B scenarios, respectively. 

Table 9. Projected change in yield of corn under the A2 scenario from 2011-2050.  

 

PROVINCE 

PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Ilocos Norte -0.0825166 * -0.1162922 ** -0.197313 ** 

La Union -0.0818444 * -0.1838778 ** -0.1515391 * 

Pangasinan -0.0918656 ** -0.1907449 *** -0.1876309 *** 

Negros Occidental -0.0544232 *** -0.0431911 * -0.2668696 *** 

Guimaras -0.0867188 *** -0.0513932 * -0.2487017 *** 

Siquijor -0.105106 *** -0.1357433 ** -0.2123817 *** 

Zamboanga Sibugay -0.1526854 ** -0.1462958 ** -0.3552992 *** 

Bukidnon -0.0557029 ** -0.0664036 ** -0.248672 *** 

Lanao Del Norte -0.0571204 *** -0.0588448 *** -0.186554 *** 
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Ilocos Sur -0.0659059 ns -0.1428686 ** -0.1619197 * 

Nueva Vizcaya -0.0091339 ns -0.0737603 ** -0.0594133 * 

Rizal -0.1048400 ns -0.1773167 * -0.5325637 *** 

Cebu -0.0315713 ns -0.1345301 *** -0.2378582 *** 

Negros Oriental -0.0400125 ns -0.1662968 *** -0.2075022 *** 

Zamboanga Del Norte -0.0809754 ns -0.1171482 ** -0.3107875 *** 

Zamboanga Del Sur -0.1207722 ns -0.1059248 * -0.3340993 *** 

Apayao -0.0294187 ns -0.0874677 *** -0.0776677 ** 

Agusan Del Norte 0.0327974 ns 0.1558280 ** 0.1552358 ** 

Cagayan 0.1165592 ** 0.0562904 ns -0.0813031 * 

Aklan -0.0682348 *** -0.0024779 ns -0.3534202 *** 

Capiz -0.0945153 *** -0.0274070 ns -0.3334204 *** 

Iloilo -0.0964248 *** -0.0430193 ns -0.3218085 *** 

Bohol -0.0697842 * -0.0849282 ns -0.1633563 *** 

Compostela Valley -0.0522986 ** -0.1360333 ns -0.0956781 ** 

Occidental Mindoro 0.1018587 ** 0.0475701 ns -0.1509241 *** 

Misamis Occidental -0.0455992 * -0.0529082 *** -0.1773805 ns 

Misamis Oriental -0.0421095 * -0.0574197 *** -0.1827288 ns 

Quirino -0.0385758 ns -0.0452459 ns -0.0571473 * 

Bulacan 0.0127957 ns 0.0122778 ns 0.077 * 

Nueva Ecija 0.0274986 ns -0.0195300 ns 0.097 ** 

Aurora -0.0020686 ns -0.0415468 ns 0.0819592 ** 

Cavite 0.0107890 ns -0.0375402 ns -0.4959657 *** 

Laguna -0.0565811 ns -0.0928418 ns -0.5304983 *** 

Albay -0.0077893 ns 0.0040813 ns -0.0194534 * 

Camarines Norte -0.0266367 ns 0.0334465 ns -0.0504344 ** 

Masbate -0.0136325 ns -0.0068279 ns -0.0353924 * 

Antique -0.0373158 ns -0.0368708 ns -0.2180737 *** 

Eastern Samar 0.0157695 ns 0.0321099 ns -0.1424228 *** 

Leyte 0.0151954 ns 0.0128032 ns -0.1087948 *** 

Southern Leyte 0.0047800 ns 0.0087544 ns -0.0893026 *** 

South Cotabato -0.0991600 ns -0.0156461 ns -0.2384276 *** 

Abra -0.0306655 ns -0.0144658 ns -0.0831899 *** 

Benguet 0.0263825 ns 0.0110746 ns -0.0663646 ** 

Ifugao -0.0477519 ns -0.0247134 ns -0.129303 *** 

Kalinga -0.0349308 ns -0.0287583 ns -0.1470825 *** 

Mountain Province -0.0203057 ns 0.0219577 ns -0.0928611 ** 

Agusan Del Sur 0.0510339 ns 0.0807256 ns 0.1841060 ** 

Surigao Del Norte 0.0640996 ns 0.0864911 ns 0.4741522 *** 

Surigao Del Sur 0.0382894 ns 0.1245074 ns 0.1315260 ** 

Marinduque 0.0241001 ns -0.0154225 ns -0.0943185 ** 

Oriental Mindoro 0.0037230 ns 0.0175396 ns -0.1249052 *** 

Romblon 0.0446390 ns 0.0442413 ns -0.0746332 * 

Isabela 0.1676602 *** 0.1288043 ns -0.0082825 ns 

Samar 0.0245324 * 0.0136163 ns 0.0339879 ns 

North Cotabato 0.0540024 * -0.0348325 ns -0.0108018 ns 

Pampanga 0.0428079 ns -0.0237862 ns 0.0662972 ns 

Tarlac 0.0495589 ns -0.0343881 ns 0.0645426 ns 

Batangas -0.0589102 ns 0.0892359 ns -0.0339031 ns 
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Quezon -0.0354505 ns 0.0566398 ns 0.0533686 ns 

Camarines Sur -0.0199192 ns 0.0159657 ns -0.0167410 ns 

Northern Samar 0.0153371 ns 0.0069972 ns 0.0152821 ns 

Camiguin 0.0128833 ns -0.0010467 ns -0.0171316 ns 

Davao Del Norte -0.0192109 ns 0.0142091 ns -0.0734494 ns 

Davao Del Sur -0.0225378 ns 0.0044566 ns -0.0368098 ns 

Davao Oriental -0.0012127 ns 0.0137166 ns -0.0634364 ns 

Sarangani -0.0860316 ns -0.0099349 ns -0.0991708 ns 

Sultan Kudarat 0.0494930 ns -0.0317379 ns 0.0014653 ns 

Dinagat Islands 0.0073611 ns -0.0069690 ns -0.0025146 ns 

Palawan 0.0287903 ns 0.0553786 ns -0.0447828 ns 

Lanao Del Sur     0.0044072 ns -0.0452622 ns 

Maguindanao     0.0173797 ns 0.0683319 ns 

Overall significant 
change 30.43% (21 prov) 28.17% (20 prov) 70.42% (50 prov) 

Gainers (significant 
change) 23.81 % (5 prov) 5% (1 prov) 14% (7 prov) 

 Losers (significant 
change) 76.19% (16 prov) 95 % (19 prov) 86% (43 prov) 

Sig. mean + change 0.093 0.156 0.186 

Sig. mean – change -0.077 -0.111 -0.192 

 

In the BCM2 model, majority of the provinces (69.57%) did not show significant 

change in yield of white corn under the A2 greenhouse gas scenario. There were 21 

provinces that showed significant changes in yield.  Five provinces showed a positive 

significant change in yield while 16 provinces showed a negative change in yield. This 

shows that the yield of white corn in the 5 provinces will increase at a mean rate of 0.093 

t ha-1 and a mean reduction of 0.077 t ha-1 in the 16 provinces. The highest increase in 

yield of 0.168 t ha-1 is projected for Isabela province, while the highest yield reduction of 

0.153 t ha-1 in Zamboanga Sibugay.   

In the CNCM3 model, 28.17% of the provinces showed significant change in the 

yield of white corn.  Of those with significant change in yield, 19 provinces are projected 

to have reduction in yield and only the province of Agusan del Norte is projected to have 

an increase in yield of white corn by 0.156 t ha-1.  The mean reduction in yield in the 19 
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provinces is estimated at 0.135 t ha-1. The biggest projected decrease in yield was for 

Pangasinan at 0.191 t ha-1. 

In the MPEH5 model, 70.42% of the provinces were to have significant projected 

change in white corn yield.  This corresponds to 50 out of 71 provinces considered 

nationwide.  Of these, the projected increase in white corn yield ranged from 0.077 t ha-1 

in Bulacan to 0.474 t ha-1 in Surigao del Norte.  For the provinces with negative projected 

change in yield, the projected reduction ranged from 0.019 in Albay to 0.533 t ha-1 in the 

province of Rizal.   

 

 

Table 10. The projected change in yield of corn under the A1B scenario from 2011-2050.  

PROVINCE 

PROJECTED CHANGE IN YIELD, t ha-1 

BCM2 CNCM3 MPEH5 

Pangasinan -0.0833969 ** -0.1519589 ** -0.1316579 ** 

Nueva Vizcaya -0.0563704 * -0.0892356 *** -0.0631784 * 

Aklan -0.0767352 *** -0.0683292 ** -0.3429537 *** 

Capiz -0.0920251 *** -0.0806311 *** -0.3551024 *** 

Iloilo -0.078557 *** -0.0825331 *** -0.3391916 *** 

Negros Occidental -0.0545657 *** -0.0909565 *** -0.2629199 *** 

Guimaras -0.0567773 *** -0.0659652 ** 0.2776187 *** 

Bohol -0.1071329 *** -0.1203724 ** -0.2188299 *** 

Cebu -0.1141339 *** -0.1389764 *** -0.2417582 *** 

Negros Oriental -0.1169224 *** -0.2031183 *** -0.2317482 *** 

Siquijor -0.1239914 *** -0.2044162 *** -0.2480858 *** 

Zamboanga Del Norte -0.1486486 ** -0.2576755 *** -0.346292 *** 

Zamboanga Del Sur -0.1422897 * -0.3023398 *** -0.2712058 *** 

Zamboanga Sibugay -0.1654161 ** -0.2807972 *** -0.3268328 *** 

Bukidnon -0.0479184 * -0.0819407 *** -0.1827288 *** 

Lanao Del Norte -0.066986 *** -0.079554 *** -0.1654866 *** 

South Cotabato -0.1054942 * -0.2247886 ** -0.1849501 *** 

Apayao -0.0749976 ** -0.0928257 *** -0.0806477 ** 

Surigao Del Sur 0.1578333 *** 0.1639238 ** 0.2290921 *** 

Rizal -0.0854364 ns -0.1753468 * -0.38482 *** 

Antique -0.0222675 ns -0.0790571 ** -0.1799623 *** 

Eastern Samar 0.0089597 ns 0.0386891 * -0.12569 *** 
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Southern Leyte 0.0074206 ns 0.035 * -0.0743293 *** 

Misamis Occidental -0.0324426 ns -0.082686 *** -0.1895664 * 

Ifugao -0.0213137 ns -0.0887225 ** -0.1599753 *** 

Kalinga 0.0048858 ns -0.0962605 ** -0.1673494 *** 

Agusan Del Norte 0.0824224 * 0.0998879 ns 0.2081651 *** 

Surigao Del Norte 0.0917052 ** 0.1123966 ns 0.5252718 *** 

Dinagat Islands -0.0150103 ** 0.0009016 ns -0.0181505 ** 

Ilocos Norte -0.0756182 * -0.0374839 ns -0.1903837 ** 

Cagayan 0.0853028 * 0.0968130 ns -0.1557834 *** 

Quirino -0.0724827 ** -0.0492466 * -0.0399905 ns 

Northern Samar 0.0287821 ** 0.0330143 * 0.0231025 ns 

Samar 0.0219976 * 0.036 ** 0.0245631 ns 

Misamis Oriental -0.0410027 * -0.0848479 *** -0.1774450 ns 

Isabela 0.1495801 *** 0.1260483 ns -0.0883166 ns 

Pampanga 0.0933085 ** 0.0173812 ns 0.0614309 ns 

Tarlac 0.0954535 ** -0.0082285 ns 0.0729105 ns 

Camarines Sur -0.0176430 Ns 0.0494973 ** -0.0193293 ns 

Lanao Del Sur   -0.0498767 * -0.0239927 ns 

Ilocos Sur -0.0877963 ns -0.0259702 ns -0.16017 * 

La Union -0.07132 ns -0.1017380 ns -0.1573721 * 

Aurora 0.0157359 ns -0.0234036 ns 0.0890727 ** 

Cavite -0.0236548 ns -0.0620505 ns -0.4626245 *** 

Laguna -0.1086881 ns -0.0629385 ns -0.4451730 *** 

Camarines Norte -0.0250591 ns 0.0125685 ns -0.0533168 ** 

Leyte 0.0079686 ns 0.0284471 ns -0.0938657 *** 

Davao Del Norte -0.0495748 ns 0.0030760 ns -0.1364267 *** 

Davao Del Sur -0.0537364 ns 0.0254706 ns -0.1285555 ** 

Compostela Valley -0.0112648 ns -0.1767495 ns -0.0976801 *** 

Sultan Kudarat -0.0111480 ns -0.0445070 ns -0.0668367 * 

Abra -0.0054630 ns -0.0437606 ns -0.1475177 *** 

Mountain Province 0.0309542 ns -0.0658318 ns -0.1332229 *** 

Agusan Del Sur 0.0519365 ns -0.0533736 ns 0.2403821 *** 

Marinduque 0.0055038 ns 0.0193601 ns -0.1160971 *** 

Oriental Mindoro 0.0042235 ns 0.0297724 ns -0.1849995 *** 

Palawan 0.0421023 ns -0.0007805 ns -0.1649208 *** 

Romblon 0.0189037 ns 0.0539725 ns -0.0829953 ** 

Bulacan 0.0476916 ns 0.0341938 ns 0.0356288 ns 

Nueva Ecija 0.0676643 ns 0.0059066 ns 0.0423284 ns 

Batangas -0.1016713 ns 0.1538554 ns -0.0172972 ns 

Quezon -0.0481651 ns 0.1146574 ns 0.0189639 ns 

Albay 0.0011863 ns -0.0164256 ns -0.0189246 ns 

Masbate -0.0012292 ns 0.0002227 ns -0.0306208 ns 

Camiguin -0.0040268 ns -0.0194035 ns -0.0142222 ns 

Davao Oriental -0.0078791 ns 0.0031857 ns -0.0702039 ns 

Sarangani -0.0434649 ns -0.1529754 ns -0.0483396 ns 

North Cotabato -0.0126927 ns -0.0376977 ns -0.0494151 ns 

Benguet -0.0459633 ns -0.0245457 ns -0.0553205 ns 

Occidental Mindoro 0.0496232 ns 0.0418605 ns -0.0775597 ns 

Maguindanao   -0.1083611 ns 0.1056482 ns 
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Overall significant 
change 44.93% (31 prov) 45.07% (32 prov) 69.01% (49 prov) 

Gainers (significant 
change) 29.03% (9 prov) 18.75% (6 prov) 12.24% (6 prov) 

 Losers (significant 
change) 70.97% (22 prov) 81.25% (26 prov) 87.76% (43 prov) 

Sig. mean + change 0.089 0.056 0.262 

Sig. mean – change -0.087 -0.128 -0.192 

 

Under the A1B scenario, there were 19 provinces that showed significant change 

on the yield of white corn in all the GCMs. Generally, a significant negative change on the 

yield of white corn can be expected under the three GCMs. There were 31, 32 and 49 

provinces that will be expected to have a significant change on the yield of white corn 

under the BCM2, CNCM3 and MPEH5 models, respectively. 

In the BCM2 model, 31 out of 69 provinces considered nationwide is expected to 

have a significant change in yield with a mean increase of 0.089 t ha-1 (9 provinces) and a 

mean reduction of 0.087 t ha-1 (22 provinces) in yield.  The range in increase in yield for 

white corn under BCM2 is 0.022 t ha-1 in Samar to 0.158 t ha-1 in Surigao del Norte. The 

range in decrease in yield for white corn under BCM2 is 0.015 t ha-1  in Dinagat Island to 

0.165 t ha-1 in Zamboanga Sibugay. 

In the CNCM3 model, 45.07% of the provinces considered showed a significant 

change on the yield of white corn. 26 provinces showed a negative significant change in 

yield while 6 provinces showed a positive significant change in yield. This shows that the 

yield of white corn will increase at a mean rate of 0.056 t ha-1 and a mean reduction of 

0.128 t ha-1. 

In the MPEH5 model, there were 49 provinces (69%) that showed significant 

change on the yield of irrigated rice. Six (6) provinces are expected to significantly 
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increase white corn yield by an average 0.262 t ha-1 while 43 provinces are expected to 

have a reduction in white corn yield by an average of 0.192 t ha-1. 

The negative average yield for white corn (July to December) can be explained by 

projected increased rainfall during the tasseling stage of the crop, which could wash out 

pollens and compromise reproduction. 

4. SUMMARY AND CONCLUSION 

The Philippines is one of the countries considered to be medium food secure and 

is also improving in terms of eradicating extreme hunger and poverty. However, the 

occurrence of climate change and its persistence in the near future could seriously 

undermine the progress made in achieving food security.  Thus, this study was conducted 

to determine the effects of climate change on rice and corn yields in the Philippines. 

Specifically, this study identified the direct and indirect effects of climate variables in 

yields of irrigated rice and rainfed rice and white corn, forecasted the climate-driven yield 

changes under different emission scenarios, and examined the yield changes due to 

climate change in all rice- and corn-producing provinces in the Philippines using the 

Water Balance (WABAL) Model under the Modeling System for Agricultural Impacts of 

Climate Change (MOSAICC) software developed by FAO. 

The MOSAICC-WABAL model utilized projections of future climate variables from 

three GCMs: 1) BCCR-BCM2.0 (BCM2); 2) CNRM-CM3 (CNCM3); and 3) ECHAM5/MPI-OM 

(MPEH5). Statistical downscaling of climate variables was done at the country level due 

to the low resolution of the 3 GCMs.  The downscaled climate variables were then 

interpolated to the provincial level and subsequently used in the crop modeling. Three 

emission scenarios were used in the climate simulations: (1) the 20C3M (20th century run 
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of past climate data); (2) A2 (pessimistic future scenario); (3) and A1B (optimistic future 

scenario). The WABAL model generated agronomic variables that were used for the yield 

model calibration following a stepwise regression analysis. Validation of the model was 

done by linear regression of the actual yield (1979-1989) to the predicted yield. Using the 

validated model, the yield component that was explained only by agronomic and direct 

climate variables were forecasted and computed the 30-year averages. The climate 

change signals were obtained by getting the difference of the 30-year yield component 

average under A2 and 20C3M. Similar process was also done for the A1B and 20C3M. 

The results showed that the lag yield was a significant predictor of rice and corn 

yields. Among the climate variables that showed significance on the yield of rice and corn 

were the deficit and excess water, minimum and maximum temperature, rainfall and 

solar radiation. These variables gave positive and negative changes on the predicted 

yields of rice and corn. Only the statistically significant changes in yield components 

under the three GCMs were obtained. In the A1B scenario, there were 13 provinces that 

showed significant change on the yield of irrigated rice (January-June) in all GCMs. 

Majority of the provinces will experience an increase on yield. Highest increase in yield is 

expected at 0.273 t ha-1, while the lowest decrease in yield was estimated at 0.598 t ha-1. 

In the July-December harvest of irrigated rice, little effect will be expected under the 

BCM2 and CNCM3 with highest and lowest increase in yield of 0.214 and 0.200 t ha-1, 

respectively. In the MPEH5 model, more provinces are expected to have a positive change 

in yield of July-December irrigated rice. Under the rainfed rice ecosystem, more provinces 

will experience a significant change in yield in the MPEH5 model. Highest change in yield 

is expected at 0.481 t ha-1, while 0.296 t ha-1. 
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In the A2-20C3M scenario, results indicated that irrigated rice yield for January-

June harvest in 12 provinces will increase during the 2011-2040 period.  However, 

results in Negros Oriental indicate conflicting directions of yield changes between the 3 

GCMs. Moreover, extreme results (higher or lower change in yield) were generated under 

the MPEH5 compared to the other GCMs. In the irrigated July-December rice harvest 

under the A2-20CM3 climate model, only 6 provinces showed positive change in yield, 

while only 1 province will have a negative change in yield.   

For rainfed white corn, the projected yield in majority of the provinces in the A1B 

and A2 scenarios under the three GCMs will generally decline. Highest decline in corn 

yield was estimated at 0.36 t ha-1. 

Results of the study indicate that climate change have a probable differential 

impact on yields of rice and white corn across provinces. Some were projected to have 

positive change in yield while others would be negatively affected. It was also found that 

rice yield in rainfed areas would be more negatively affected than in irrigated ecosystems. 

In addition, dry season rice yield (January-June) in irrigated areas would be more 

adversely affected compared to wet season yield (July-December). Results also pointed 

that white corn would be generally affected more unfavourable compared to rice. Finally, 

the largest yield decline was estimated at 1 t ha-1. This can be compensated through faster 

technology generation and promotion that could hopefully lead to wider adoption. 
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Appendix Table 1. Model calibration of dry season irrigated rice. 

 

 

Explanatory 

Variables 0 1 2 3 4a1 4a2 4b 5 6 7 8 9 10 11 12a 12b 13 14

lyield 0.705*** 0.830*** 0.757*** 0.859*** 0.520*** 0.594*** 0.6896*** 0.6594*** 0.4712*** 0.7968*** 0.8103*** 0.614*** 0.577*** 0.6329*** 0.4935*** 0.3322** 0.5664*** 0.6069***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.037] [0.000] [0.000]

eraeta2 -0.002** 0.013* 0.004** -0.0096*** 0.0096** 0.0048**

[0.019] [0.061] [0.011] [0.001] [0.040] [0.037]

eraeta3 0.007** 0.0156*** -0.0064** -0.0059*

[0.014] [0.002] [0.023] [0.057]

eraeta4 0.003*** 0.010* 0.0039*** 0.0030***

[0.001] [0.071] [0.000] [0.010]

eraexc2 0.000* 0.001** 0.0009*** -0.0007*** 0.0033**

[0.051] [0.018] [0.000] [0.001] [0.030]

eraexc3 0.008* 0.0022** -0.0014***

[0.086] [0.027] [0.001]

eraexc4 -0.0011*** 0.0044*

[0.000] [0.082]

eradef2 -0.002*** -0.0047*** 0.0055** -0.0119**

[0.001] [0.001] [0.014] [0.012]

eradef3 0.004* 0.012** 0.0107***

[0.078] [0.044] [0.003]

eradef4 -0.002*** -0.0041*** -0.0035***

[0.001] [0.001] [0.007]

eratwr 0.002*** 0.005*** -0.0071*** -0.0025* -0.0081***

[0.001] [0.004] [0.008] [0.055] [0.009]

erawsicorr -0.010** 0.0103*** 0.0299**

[0.013] [0.000] [0.035]

eratmin 0.136*** 0.126*** 0.069* 0.601*** -0.2233* 0.2136* 0.4253*** 0.288*** 0.2747** 0.1742** -0.4470**

[0.001] [0.000] [0.063] [0.002] [0.062] [0.056] [0.001] [0.005] [0.043] [0.042] [0.034]

eratmax -0.065* -0.733*** 0.3675*** -0.3117** 0.5433**

[0.090] [0.000] [0.007] [0.014] [0.011]

erarain -0.000** -0.0004**

[0.028] [0.024]

erasr 1.976** -0.6226** 0.1377* 0.2244**

[0.013] [0.049] [0.083] [0.028]

Constant -0.121 -2.483*** 1.797*** -1.294* -58.678** 6.823** 0.2601 -2.2698 23.5923** 0.4805 -12.1955*** -5.193** 1.405*** 1.3601*** -3.931 0.2399 0.7713*** -10.1366**

[0.901] [0.002] [0.001] [0.082] [0.013] [0.035] [0.150] [0.272] [0.018] [0.106] [0.000] [0.014] [0.000] [0.000] [0.141] [0.892] [0.004] [0.045]

Observations 168 84 42 143 42 63 105 126 121 84 121 49 84 70 42 37 84 63

R-squared 0.797 0.851 0.706 0.772 0.444 0.637 0.737 0.591 0.444 0.778 0.866 0.673 0.407 0.642 0.668 0.329 0.523 0.714

Adj. R-squared 0.788 0.842 0.691 0.766 0.367 0.598 0.732 0.571 0.415 0.758 0.861 0.659 0.393 0.625 0.642 0.269 0.505 0.652

Note: *, **,*** implies significance at 90, 95, and 99% levels

Subregion
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Appendix Table 2. Model calibration of wet season irrigated rice. 

 

Explanatory 

Variables 0 1 2 3 4a1 4a2 4b 5 6 7 8 9 10 11 12a 12b 13 14

lyield 0.843*** 0.752*** 0.382*** 0.582*** 0.741*** 0.463*** 0.816*** 0.655*** 0.533*** 0.898*** 0.927*** 0.323** 0.685*** 0.690*** 0.541*** 0.657*** 0.587*** 0.550***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.024] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]

eraeta2 -0.002*** 0.005*** -0.032*** -0.004* 0.003** 0.004*** 0.015*** 0.001 0.008** 0.002*

[0.008] [0.000] [0.003] [0.072] [0.040] [0.001] [0.005] [0.123] [0.026] [0.066]

eraeta3 -0.003*** 0.005** 0.005** 0.014** -0.009**

[0.004] [0.048] [0.044] [0.013] [0.036]

eraeta4 0.007*** 0.012** -0.004*

[0.001] [0.038] [0.087]

eraexc2 0.002*** -0.001*

[0.004] [0.063]

eraexc3 -0.001*** -0.002***

[0.010] [0.008]

eraexc4 -0.001*** -0.001*

[0.000] [0.090]

eradef2 -0.001** -0.002** -0.002* 0.002*** 0.005**

[0.015] [0.015] [0.086] [0.007] [0.036]

eradef3 -0.005*** -0.009*** -0.015*** -0.010** -0.008**

[0.000] [0.000] [0.000] [0.044] [0.015]

eradef4 -0.009*** 0.013* -0.002*** -0.007** 0.004*** 0.005* -0.004*

[0.000] [0.073] [0.009] [0.020] [0.002] [0.056] [0.091]

eratwr 0.003 -0.004*** -0.002** 0.003* 0.004*** 0.002* -0.005*** -0.008*

[0.489] [0.000] [0.035] [0.068] [0.003] [0.071] [0.000] [0.097]

erawsicorr -0.005 -0.014** -0.011*** -0.009* -0.019** -0.028*

[0.323] [0.038] [0.001] [0.063] [0.030] [0.072]

eratmin -0.119 -0.392*** -0.159** 0.752** 0.226* 0.666*** 0.188** 1.319** -0.201** 0.097**

[0.403] [0.004] [0.050] [0.024] [0.068] [0.000] [0.050] [0.047] [0.029] [0.043]

eratmax 0.072 0.189*** -0.116* -1.298*

[0.644] [0.002] [0.055] [0.059]

erarain 0 -0.001*** -0.001*** -0.000** -0.001*** -0.001*** -0.000*

[0.560] [0.004] [0.000] [0.033] [0.002] [0.006] [0.055]

erasr 0.711 2.181** 1.232 -2.855* -0.718*

[0.148] [0.019] [0.122] [0.057] [0.076]

Constant -20.716 1.063*** -54.291** 1.403 -16.188** 4.886*** 1.156** -6.022* 3.807** -0.755 -0.016 -18.421*** -4.168 5.421*** -35.291 96.042* 9.643*** 21.414*

[0.172] [0.000] [0.048] [0.288] [0.036] [0.000] [0.011] [0.070] [0.018] [0.110] [0.980] [0.000] [0.167] [0.000] [0.144] [0.054] [0.001] [0.077]

Observations 168 84 42 144 42 63 95 126 121 84 121 49 84 70 42 28 84 63

R-squared 0.865 0.791 0.849 0.672 0.802 0.516 0.756 0.57 0.388 0.856 0.922 0.656 0.551 0.701 0.543 0.555 0.521 0.497

Adj. R-squared 0.854 0.778 0.813 0.653 0.775 0.464 0.748 0.549 0.367 0.851 0.919 0.625 0.522 0.688 0.414 0.478 0.496 0.444

Note: *, **,*** implies significance at 90, 95, and 99% levels

Subregion
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Appendix Table 3. Model calibration of wet season rainfed rice. 

 

 

Explanatory 

Variables 0 1 2 3 4a1 4a2 4b 5 6 7 8 9 10 11 12a 12b 13 14

lyield 0.6962*** 0.8613*** 0.5844*** 0.5525*** 0.6787*** 0.4861*** 0.8496*** 0.7806*** 0.7540*** 0.8775*** 0.9292*** 0.8428*** 0.4922*** 0.5069*** 0.2868** 0.5010*** 0.4296*** 0.3948***

[0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.011] [0.001] [0.000] [0.001]

eraeta2 0.0014* 0.0116*** 0.0075*** 0.0039** 0.0079 0.0062*** -0.0020**

[0.055] [0.003] [0.000] [0.022] [0.144] [0.001] [0.036]

eraeta3 -0.0051** 0.0054*** 0.0077*** -0.0093** 0.0136*** 0.0064***

[0.015] [0.002] [0.000] [0.045] [0.001] [0.009]

eraeta4 -0.0051*** 0.0042** 0.0029*** -0.0154*** 0.0099*** -0.0067**

[0.007] [0.036] [0.000] [0.009] [0.002] [0.012]

eraexc2 0.0004* 0.0004*** 0.0006** 0.0010** -0.0041*

[0.066] [0.002] [0.029] [0.019] [0.089]

eraexc3 -0.0017* 0.0013* 0.0023*

[0.097] [0.085] [0.066]

eraexc4 -0.0009*** -0.0009*** -0.0020*

[0.000] [0.009] [0.075]

eradef2 0.0048** 0.0017**

[0.027] [0.025]

eradef3 -0.0054*** 0.0085** -0.0101*

[0.004] [0.044] [0.081]

eradef4 -0.0049*** -0.0087** 0.0035** -0.0077***

[0.008] [0.026] [0.043] [0.000]

eratwr 0.0026*** -0.0023*** 0.0068*** 0.0105*** 0.0021***

[0.002] [0.003] [0.004] [0.006] [0.001]

erawsiraw 0.0160*** 0.0488*** -0.0527 0.0244**

[0.005] [0.000] [0.129] [0.024]

erawsicorr 0.0135** -0.0257** -0.0508***

[0.017] [0.021] [0.000]

eratmin -0.4597** 1.3282* 0.2643*

[0.028] [0.056] [0.060]

eratmax -0.0642* 0.8366* -1.3311* -0.9077**

[0.069] [0.060] [0.058] [0.010]

erarain -0.0002** -0.0004*** -0.0013*** -0.0004* -0.0003** -0.0005*** -0.0011** -0.0015***

[0.011] [0.000] [0.004] [0.095] [0.044] [0.004] [0.037] [0.000]

erasr 2.5583** 1.3153* 1.9373*** 0.5591* -2.4687* 2.4904*** 2.8092***

[0.020] [0.083] [0.006] [0.087] [0.061] [0.009] [0.006]

Constant 0.8026* 1.1952 -76.5022** -3.0967** -64.7961* -47.0799** 0.3165*** -18.7664* 83.2082* 0.5098*** -0.0556 2.5989 -1.4631 2.3989*** -80.4699*** -63.2728* 4.4016*** 0.305

[0.051] [0.251] [0.018] [0.022] [0.053] [0.013] [0.002] [0.062] [0.064] [0.001] [0.781] [0.410] [0.249] [0.000] [0.004] [0.070] [0.000] [0.547]

Observations 158 84 42 145 42 57 105 126 121 79 116 49 66 61 42 30 79 64

R-squared 0.552 0.851 0.648 0.625 0.488 0.498 0.842 0.679 0.685 0.78 0.871 0.758 0.474 0.328 0.695 0.71 0.557 0.406

Adj. R-squared 0.528 0.841 0.609 0.606 0.447 0.415 0.839 0.666 0.666 0.774 0.865 0.730 0.411 0.305 0.632 0.650 0.520 0.376

Note: *, **,*** implies significance at 90, 95, and 99% levels

Subregion
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Appendix Table 4. Model validation of dry season irrigated rice. 

Provincial Group Coefficient 95% Confidence Interval R-Squared Adj. R-Squared 

    Lower Limit Upper Limit     

0 0.965 0.935 0.994 0.980 0.97970 

1 0.881 0.841 0.921 0.978 0.97790 

2 0.879 0.822 0.935 0.980 0.97920 

3 0.899 0.865 0.932 0.974 0.97410 

4A1 0.911 0.841 0.982 0.972 0.97040 

4A2 0.890 0.838 0.941 0.975 0.97430 

4B 0.936 0.876 0.997 0.947 0.94580 

5 0.950 0.917 0.983 0.981 0.98040 

6 0.934 0.906 0.961 0.988 0.98800 

7 0.912 0.849 0.974 0.953 0.95160 

8 0.940 0.864 1.017 0.922 0.92000 

9 0.946 0.878 1.015 0.975 0.97380 

10 0.935 0.878 0.993 0.962 0.96090 

11 0.971 0.926 1.015 0.984 0.98360 

12A 1.018 0.969 1.067 0.989 0.98850 

12B 1.006 0.913 1.100 0.983 0.98120 

13 0.913 0.850 0.975 0.953 0.95210 

14 0.921 0.853 0.989 0.960 0.95830 
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Appendix Table 5. Model validation of wet season irrigated rice. 

Provincial Group Coefficient 95% Confidence Interval R-Squared Adj. R-Squared 

    Lower Limit Upper Limit     

0 0.939 0.909 0.970 0.9789 0.9786 

1 0.938 0.889 0.986 0.9750 0.9744 

2A 0.933 0.867 0.998 0.9788 0.9777 

3 0.956 0.919 0.992 0.9754 0.9750 

4A1 0.882 0.813 0.950 0.9745 0.9732 

4A2 0.932 0.887 0.977 0.9834 0.9828 

4B 0.916 0.858 0.973 0.9528 0.9528 

5 0.886 0.845 0.926 0.9683 0.9678 

6 0.960 0.921 1.000 0.9782 0.9778 

7 0.895 0.827 0.962 0.9470 0.9456 

8 0.899 0.817 0.981 0.9103 0.9084 

9 0.987 0.913 1.061 0.9736 0.9723 

10 0.961 0.919 1.003 0.9812 0.9807 

11 0.921 0.862 0.981 0.9720 0.9710 

12A 1.031 0.946 1.116 0.9713 0.9698 

12B 1.096 0.973 1.218 0.9785 0.9761 

13 0.914 0.841 0.988 0.9386 0.9371 

14 0.923 0.805 1.042 0.9150 0.9115 
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Appendix Table 6. Model validation of wet season rainfed rice. 

Provincial Group Coefficient 95% Confidence Interval R-Squared Adj. R-Squared 

    Lower Limit Upper Limit     

0 0.962 0.912 1.012 0.945 0.9443 

1 0.866 0.807 0.924 0.953 0.9524 

2A 0.873 0.793 0.953 0.961 0.959 

3 0.874 0.834 0.915 0.962 0.9611 

4A1 0.917 0.798 1.036 0.925 0.9209 

4A2 0.942 0.851 1.033 0.932 0.9301 

4B 0.954 0.908 1.001 0.969 0.9689 

5 0.925 0.885 0.966 0.970 0.9692 

6 0.934 0.903 0.965 0.986 0.9853 

7 0.897 0.822 0.973 0.939 0.9371 

8 0.966 0.899 1.034 0.939 0.938 

9 0.909 0.850 0.968 0.980 0.9791 

10 0.874 0.754 0.994 0.873 0.8685 

11 0.993 0.881 1.105 0.928 0.9251 

12A 1.067 0.920 1.214 0.915 0.9114 

12B 0.870 0.700 1.041 0.928 0.9209 

13 0.823 0.744 0.902 0.911 0.9092 

14 0.887 0.824 0.950 0.954 0.9532 

 

 

 


