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Yield and Income Effects of the Green Super Rice (GSR) Varieties:
Evidence from a Fixed-Effects Model in the Philippines

Abstract

With the increasing frequency of extreme climatic events, the new challenge is to develop rice
varieties that are tolerant of drought, water submergence, and salinity. There are now new high-
yielding GSR cultivars developed at the International Rice Research Institute (IRRI) with
increased tolerance of multiple abiotic stresses, such as drought, submergence, and salinity. But a
clear understanding of the economic benefits of these varieties under farmers’ production
environments is not yet fully understood. In this paper we assess the yield and income effects of
GSR rice varieties using a two-year panel data from one province. We use the survey data and a
fixed-effects model within a difference-in-difference (DID) framework to estimate the yield
effects. The income effects were evaluated with a profit function using the parameter estimates
from the yield/production function model. The results of the OLS and DID fixed-effects
regressions both reveal significant and positive effects of GSR varieties on yield. The most
important finding is that the benefits from these varieties are more strongly felt when there is
flooding, which traditional varieties cannot withstand because of sensitivity to submergence. We
also find that farmers who achieved higher yield through the use of GSR rice varieties in the
presence of abiotic stresses, also obtained higher net farm income per hectare. These findings
have very important implications for food security in the Philippines. With the dramatic climatic
shifts, particularly in areas where rice production is dominant and extensive, the benefits that the
GSR varieties could offer may be significant to secure more rice and alleviate poverty in the
country.

Keywords: technology adoption, multiple abiotic stress-tolerant rice, impact evaluation, fixed-
effects



1. Introduction

Rice is one of the most important food staples in the developing world, accounting for about 19
percent of the total crop area harvested, 20 percent of the caloric intake from staples, and half of
the food expenses by poor people in low- and middle-income countries (Dawe et al, 2010,
Pandey et al, 2010). Ninety percent of the rice produced and consumed globally comes from
Asia, where rice is a staple for nearly 4 billion people (Rejesus et al, 2013). Given its strategic
importance in developing countries, especially in Asia, rice varietal improvement helped avoid
widespread famine, alleviated food security problems of the poor, and served as the cornerstone
of the Green Revolution in the 1960s. Through research, development, and technology transfer,
rice yield and farm income in the Green Revolution era dramatically improved with the
availability of new high-yielding rice varieties and modern inputs. However, these new rice
varieties tend to be more vulnerable than traditional varieties to biotic (e.g., pests) and abiotic
(e.g., adverse weather) stresses, thereby increasing the risk of major yield and production
shortfalls during unfavorable years (Hazell, 2010).

In the presence of climate change, it is apparent that mitigating the effect of this
phenomenon is the new challenge in rice food security, because climate change alters the
quantity and variability of yield, as well as the overall profitability of rice production. Recent
climatic shifts are becoming more prominent and the increasing frequency of extreme climatic
events, such as drought, floods, and cold (or heat) wave, adds another dimension to the food
security conundrum (GCCIUS, 2009). In general, previous studies suggest that climate change
will cause higher global average rainfall (causing more floods and submergence problems),

although there are other studies that predict greater variability in the occurrence and intensity of



rainfall events, with increased drought incidence in some rice-producing areas (Mackill et al,
2012).

The consequences of climate change on rice production and possible adaptation measures
have already been extensively reviewed by Wassman et al (2009 and 2010). The wide-ranging
effects of drought and/or submergence problems, including the substantial reduction in rice
output and value, have also been documented (Bhandari et al, 2007; Bates et al, 2008; and
Mackill et al, 2012). Therefore, farmer adaptation to climate change requires the development of
new rice varieties that are more tolerant of abiotic stresses (i.e., high temperature, drought, and
submergence) but are still high-yielding, to ensure that rice production keep pace with rising
demand (Wang et al, 2012).

In light of this concern, the Green Super Rice (GSR) project was launched in 2008 at the
International Rice Research Institute (IRRI) headquarters (located in the Philippines), with the
aim of developing rice varieties that retain their stable, sustainable yield potential even when
grown with fewer inputs or under unfavorable environmental conditions. Under experimental
conditions, new high-yielding GSR cultivars with tolerance of multiple abiotic stresses have
already been developed (Ali et al, 2013). There are now GSR varieties with promising traits that
are ready for seed exchange and germplasm distribution. The “finished products” include GSR
materials that are drought-tolerant and suitable for rainfed lowlands, and inbreds and hybrids
with multiple disease and insect pest resistance. The GSR project also released drought-tolerant,
salinity-tolerant, submergence-tolerant, and high-yielding varieties suitable for irrigated
conditions (Ali and Santiaguel, 2011). All these efforts have been made possible through
advances in germplasm improvement (i.e., phenotyping and molecular genetics) that address

abiotic stresses on submergence, drought and, salinity (Li et al, 2005; Ali et al 2006; Mackill et



al, 2010). With these advances tested in experimental conditions, the GSR project has started to
distribute multiple stress-tolerant rice seeds in Laguna, Philippines by 2012.

The purpose of this article is to assess the yield and income effects of these GSR rice
varieties on farmers’ fields and recommend strategies to improve or sustain its performance. To
achieve this objective, a two-period panel data set of GSR farmer recipients and non-recipients in
Laguna, Philippines was collected to evaluate the economic impact of the GSR intervention. The
data covers two wet-season cropping periods, in which flooding is a regular occurrence in the
area. A difference-in-difference (DID) framework that uses an econometric fixed-effects
regression was employed to address possible selection bias (due to non-random GSR adoption)
and to more accurately measure the yield and income effects of the technology. In particular, we
aim to determine the yield and income performance of GSR varieties under farmers’
environments, especially when there is flooding, using their usual farm management practices
and input use. The insights from a more accurate measurement of the impact under farmers’
environments have meaningful implications in the varietal development of the GSR program and
in the design of rice production programs in the country.

The evaluation tests in experimental fields performed by the International Rice Research
Institute (IRRI), together with agricultural partners in Asia and Africa, have shown the durability
of GSR varieties to changing weather conditions and the production of higher rice yields of
about 1 ton/ha, compared with conventional varieties. Several GSR materials outperformed the
conventional varieties under different abiotic stresses. The cultivar GSR-IR1-8-S6-S3-Y2 (IRIS
179-880151) was found to be highly adaptive like its recipient parent Huang Hua Zhan (HHZ),
but with improved traits such as higher yield (~1 t/ha) and tolerance to salinity, drought,

submergence, and low inputs. There was a 10% yield advantage of this cultivar across two



seasons for two years (2010-2011), relative to a local variety check (NSIC Rc222) under
irrigated conditions at IRRI. The same line showed a relatively moderate tolerance of salinity,
drought, and submergence, without compromising grain yield and quality (Ali et al., 2013).
Nationally coordinated yield trials under coastal saline conditions in four locations for two years
and seasons (DS and WS) helped identify IR83140-B-28-B, a drought pyramiding line that gave
4 t/ha with a yield advantage of 19% over the best yielding local variety, NSICRc182 (National
Cooperative Testing Project, 2013). With the distribution of GSR rice seeds to farmers in 2012,
yield and income effects can now be evaluated under a true ex-post “on-farm” setting, using
farmers’ practices.

While previous studies have attempted to analyze yield and income effects of abiotic
stress-tolerant crop varieties, most were undertaken in an ex-ante framework using partial
equilibrium models (La Rovere et al., 2010; Mottaleb et al., 2012). For this study, a panel data
technique was used to tease out the yield and income effects and address the non-random
selection of GSR recipients. This approach has been used in evaluating a number of
technologies/policies/ interventions in other countries. Some examples are Welch et al. (2010) on
the impact of temperature and solar radiation on rice yields; Nakano and Kajisa (2012) on the
effect of modern variety adoption on productivity and income; Hendricks and Peterson (2012) on
irrigation water demand; and Edmonds (1999) on the effects of the technology transfer program
on farm revenues, total family income, and household poverty status. Fixed-effect regressions in
a DID framework have been used in impact evaluation studies as well; see Bravo-Ureta et al.
(2011); Rodriguez et al. (2007); Sadoulet et al. (2001); Rejesus et al. (2012), and Feder et al.
(2004). To our knowledge, no previous investigation has analyzed the economic effects of rice

varieties tolerant of submergence that combines panel data and fixed-effect regression in a DID



framework. It is within this context where this paper contributes to literature on agricultural

development.

2. The GSR program in the Philippines

The selection for stress tolerance in rice started at IRRI as early as 1998 to identify promising
lines that could survive drought, salinity, and submergence through introgression' breeding
efforts (Li et al., 2005; Ali et al., 2006; Lafitte et al., 2006). Since there is hardly any rice variety
having tolerance of multiple abiotic stresses, the research to develop these kinds of rice varieties
began vigorously in 2008 through an innovative breeding strategy that addresses the challenge of
producing high-yielding varieties with limited resource use to benefit poor and smallholder
farmers (Ali et al, 2012).

There are now several multiple abiotic stress-tolerant cultivars that are currently being
tested under the National Cooperative Testing Trials in the Philippines. Newly bred GSR lines
were developed by screening BC F,” bulk populations with HHZ background. These were
introgressed from 27 donors to varied abiotic stress conditions, including severe drought over
three rounds of intensive selections, before being advanced to preliminary (2 seasons) and
advanced yield trials (2 seasons). Each season, these were subjected to three stress conditions—
drought, irrigated, and low-nutrient input—to confirm their superior performance relative to
national check varieties. GSR cultivars bred by IRRI (116 entries) and the Chinese Academy of
Agricultural Sciences (CAAS) (112 entries) have already been distributed to national research
partners in 16 countries in Asia and Africa. Field evaluation trials using GSR cultivars, both in

IRRI and in Asia, have already demonstrated good performance in both irrigated and drought

! Introgression refers to stress tolerant genes from land races and trait based donor varieties that are incorporated
into widely adaptable elite varieties through simple backcross breeding and stringent screening approaches.

2 The BCF, is the 2™ filial generation of a single backcross event of a hybrid i.e.(donor variety x recipient parent)
to its recipient parent i.e. Huanghuazhan.



conditions (Ali et al., 2012). Multiple abiotic stress-tolerant GSR materials, that is, IR1-5-S10-
D1-D1 and IR83142-B19-B, have responded very well in severe drought environments with a
grain yield advantage of 25% and 40% over the drought check, respectively. Yield advantage
across environments, varying from fully irrigated to drought-stressed, was 31-36% (Marcaida III
etal., 2014).

In the 2012 wet season cropping, five GSR varieties were released to rice farmers in
Laguna, Philippines, to evaluate its performance against popular varieties commonly used by
farmers in the area. The yield- and stress-tolerance characteristics of these varieties made
available to sample farmers in Laguna are given in Table 1. The selection of GSR seed recipients
was based primarily on the willingness of the farmers to participate in the program, and the type
of variety distributed was determined from the recommendation of the breeder and those traits

most liked by farmers identified through the baseline survey.

3. Survey design and data description
The data used in the analysis come from a two-period panel survey (2011 and 2012) done by
IRRI on rice farm households in Laguna, Philippines. The province is a major producer of rice in
the region and it is characterized as an irrigated rice-producing area. With an agricultural land
area of 60,624 hectares, around 49 percent is devoted to rice production. Other major crops
planted in the area include coconuts; tropical fruits such as pineapple, rambutan, mango, and
lanzones; and other exotic plants.

In the first (or baseline) survey year conducted in the 2011 wet season, rice farm
households located in five major rice-growing districts/towns in Laguna, including Santa Maria,
Famy, Siniloan, Mabitac, and Majayjay (Fig. 1), were randomly selected as survey respondents.

Except for Majayjay, the rice survey areas are mostly located near Laguna Lake and are prone to



flooding during the rainy season. The selection of the districts considered for the survey was
based primarily on the area devoted to rice. The master list of rice farmers in each district was
obtained from the district’s agricultural office. Fourteen villages were then chosen using the
“probability proportional to size” sampling, with each district having at least two sample
villages. Thus, a random sample of 191 rice farm households was selected for the baseline
survey.

The data collected for the baseline survey include production input use, management
practices, costs and returns, and other household socio-economic information. A pre-tested
questionnaire was used in both surveys to gather information. Also included in this survey was a
question that asks whether the farmer is willing to plant GSR seeds or not, and another question
about his/her preferred rice varietal traits (such as high yield, good grain quality, pest resistance,
and tolerance of particular abiotic stresses). A total of 163 farmers indicated willingness to try
the GSR seeds. In June 2012, GSR seed kits were distributed to farmers for the 2012 wet season
planting. But, because of the limited number of GSR seed kits, only 87 farmers were non-
randomly selected to receive the seed kit, according to priority, based on the indicated preferred
varietal traits (from the baseline survey).

In December 2012, the same 191 rice farmers were revisited. However, at this time, only
185 farm households produced rice; 6 of the original households in the 2011 sample either
migrated out of the area or did not plant rice because of flooding, whereas 16 farmers reported
that floods completely damaged their 2012 wet-season rice crop. Also, 30 farmers of the 87
selected GSR seed recipients did not produce rice in the 2012 wet season. They were not able to

plant because of flooding and/or late receipt of the seeds, whereas some gave the seeds to other



farmers. Therefore, the total sample size of the panel data (with usable information in both years)
is 278 observations (139 rice farm households x 2 years).

Rainfall data were also collected from five weather stations of PAGASA (the Philippine
weather bureau) adjacent to the study area. The average maximum monthly rainfall in the sample
villages during the cropping months of July-September 2011 and 2012 was determined through

spatial interpolation of rainfall data coming from the five weather stations”.

4. Estimation methods
4.1 Yield and income effects of GSR varieties
In order to accurately quantify the contribution of GSR varieties to yield and income in a single
cross-sectional data, one would like to compare the outcomes for the GSR producers, and also
the outcomes of the same producers had they not used the GSR varieties. The fundamental
problem is that we cannot observe both outcomes in one time for the same producer, which is the
main analytical problem in impact evaluation (Ravallion, 2008). The estimation of the causal
effect is therefore associated with the problem of predicting unobserved outcomes due to missing
data, which is called “counterfactual” in literature—What would have been the outcome if the
these same GSR users had not used these rice varieties? (Rodriguez, 2007).

Since we have GSR and non-GSR users in the sample, an approach in applied
econometric work is to use the data on these groups to estimate a regression of outcomes (Y;) on

the GSR-use dummy (D;) and a vector of control covariates (X;):

Y;=0D; +X; B+ &; fori=1,.....,n (1)

3 Rainfall data from five PAGASA weather stations namely: UPLB, Pakil, NAIA, Infanta and Alabat, that are within
and adjacent to the study areas were used in the interpolation using the inverse distance weights of the zonal
statistics for the interpolated grid on villages. The data is the maximum monthly rainfall averaged for three months,
July-Sept of 2011 and 2012. There is very little variability in rainfall within the village.
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where D; = 1, representing GSR varietal use, and zero otherwise, and 0 is simply the estimate of
the GSR effect. If the assignment of the GSR and non-GSR users in the sample is truly
exogeneous, that is, individuals are randomly assigned to treatment and comparison groups
(Duflo et al. (2008), then the estimator 6 will be unbiased thereby avoiding selection bias. This
means that the observed non-GSR users’ outcome, on average, is a good surrogate for the
unobserved counterfactual outcome (Rodriguez et al., 2007).

In applied work, however, this condition is hardly met because observed and unobserved
characteristics that influence selection also influence the outcome. In this study for example, it is
possible that farmers who produce higher yield are also the recipients of the GSR seeds. Because
of better managerial abilities, they have easy access to extension information and are more likely
to try new technologies. Expectedly, these farmers will exhibit higher yield regardless of whether
they use GSR seeds or not. The outcome effect may just then be due to the difference in the
distribution of the unobserved managerial ability between GSR seed recipients and non-
recipients. The difference in the distribution of observed and unobserved characteristics between
GSR users and non-GSR users could lead to selection problems, making our estimate of the
outcome effect inaccurate.

The measurement of the outcome effect shown above entails simply a “single-difference”
calculation. The availability of a two-period panel data set allows us to calculate the “difference-
in-difference” (DID) estimator of the outcome effect, that is, the difference between the
outcomes of the treated and non-treated groups in a pre-intervention baseline (i.e., before the
GSR seed distribution), versus the difference in outcomes for the same treated and non-treated
groups after the GSR seed distribution (Rodriguez et al, 2007; Khandker et al., 2010). Using the

DID estimator is desirable because it makes it possible to address biases stemming from the
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heterogeneity of both the observable characteristics (e.g., farm size, etc.) and the unobservable
time-invariant characteristics (e.g., managerial ability, motivation) of the respondents in the
sample (Bravo-Ureta et al., 2011).

The impact of the GSR varieties is measured following the DID estimation framework in
Khandker et al. (2010). Given a two-period panel data set, where t=0 represents the time before
the GSR seed distribution and t=1 after the seed distribution, and letting Y," and YtC be the
outcomes (paddy rice yield or net farm income) for the GSR seed beneficiaries and non-

beneficiaries in time t, the DID estimate of the average GSR impact will be:

DID = E(Y," - Yo'| T=1) — E(Y,© - Y| T=0) )
The yield impact of GSR can “naively” be obtained using an OLS regression framework that

contains unobserved time invariant and time varying error components of the form:

Yi=0Gy+Xiyy+e fori=1,....,n;t=12 3)
where Yj; is an outcome variable for the rice farmer i at time t; Gy is a dummy variable
representing GSR seed beneficiary when Gj; =1, and zero otherwise; Xj; is a vector of covariates;
and g is a composite error term, such that & = v; + pir. The term v; is defined as the unobserved
time-invariant error component and L, is the unobserved time varying error component (or the
idiosyncratic error). The & paramater is simply the estimate of the impact on the outcome
variable of interest. A “pooled OLS” using the full 2011 and 2012 data set can be implemented
to estimate the impact (as in (2)), but results will be biased and inconsistent when vj, the time-

invariant component, is correlated with Gj; or any element of Xj; (Wooldridge, 2002).
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With a two-period panel data set, the time-invariant unobservable v; can be eliminated by
first differencing or using a fixed-effects transformation of the variables in equation (2) (see
Wooldridge, 2002 and Rodriguez et al., 2007). In the first differencing approach, the first time-
period value is differenced out from the second-period value; whereas in the fixed-effects
transformation, each value is subtracted by the mean value (over time) for each cross-sectional

unit. The resulting equation will be:

AYi = 0AGj + AX + Wi fori=1,.....,n;t=1,2 3)
where the variables have been time-demeaned or first-differenced.

This procedure works well if the cause of individual specific heterogeneity is based on
time-invariant variables whether observable or unobservable. The fixed-effects approach
addresses the problem caused by the correlation between the unobserved time invariant factors
and the independent variables (due to selection bias). Also, the non-random selection of the seed
recipients raises the possibility of some explanatory variables to be correlated with the individual
unobserved effect, v; as explained above (Nolan and Santos, 2012). With non-random selection,
there is preference for the fixed-effects approach, although results do not necessarily generalize
farms outside the sample (Welch et al., 2010). In this study, the selection of the GSR seed
recipients was based primarily on the willingness of the rice farmers to be recipients, that we
argue to be linked primarily to time-invariant factors such as education, farm size, and
managerial ability. Varietal preferences were also considered time-invariant as farmers
constantly preferred varieties with high-yielding and pest resistance traits. These factors are
swept away in the fixed-effects approach, if indeed these caused the selection problems

(Rodriguez et al, 2007; Rejesus et al., 2012).
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In using the DID framework in equation (3), any unobserved time-invariant factors that
could have caused selection problems (i.e., unobserved managerial ability) have been differenced
out of the regression. This eliminates the effect of potential biases due to time-invariant factors,
allowing us to more accurately estimate the yield and income effects of GSR. Also in this
framework, changes in the performance of GSR recipients are compared with the changes in the
performance of non-GSR recipients thereby eliminating any variation in outcome affecting
farmers in the village, such as systemic climate change and other secular trends (Feder et al.,
2004; Rejesus et al., 2012). Since this study looks into the performance of GSR varieties with
respect to abiotic stresses in rice production, specifically submergence, the effect of weather was

taken into account by including rainfall in the specification (see below).

4.2 Empirical specification

The purpose of the estimation strategies is to quantitatively measure the yield and income effects
of GSR rice varieties. Since these are new rice varieties that are not yet available in the market,
the outcome variables of interest—yield (Yield) and net farm income (NFI)—are of particular
interest to rice breeders and policy makers in the country as they continue the search for rice
varieties that are tolerant of abiotic stresses such as drought, soil salinity, and submergence.

To quantify the effects of GSR varieties on yield, we initially used an Ordinary Least
Squares (OLS) regression to estimate equation 1. For a parsimonious specification of the model,
the X variables include six input variables (human labor, seed use, nitrogen fertilizer, potassium
fertilizer, potash fertilizer, and animal and machine labor) and a weather variable (rainfall). The
specification of the model conforms with those used in previous studies where inputs such as

labor, fertilizer, seed use, and a dummy variable to evaluate the impact of technology
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intervention, are used as covariates in the production function (Mutuc et al., 2011; Welch et al.,
2010; and Shankar and Thirtle, 2005). We first estimate equation 1 with only the 2012 data using
a specification that includes agricultural inputs and rainfall (i.e., control for flooding events) as
covariates (Model 1). A second specification (Model 2) is also estimated where an interaction
effect of the GSR variety and rainfall is added (GSR X rain). This allows for investigating the
effect of GSR on yield as the amount of rainfall varies (i.e., what the effect is of GSR on yield at
different rainfall levels). A “pooled” data model using both the 2011 and 2012 survey data was
also estimated using OLS (Model 3) for comparison.

With the availability of a panel data set, we estimate the impact of GSR in a DID

regression framework as follows (Khandker et al., 2010):

Yii = o+ oGt Xi v + At + & %)
where the coefficient d is now the average DID effect of the GSR variety. The variable time (t) is
included to pick up any mean effects of time. Consistent with Models 1 and 2 estimated using
OLS, we estimate equation (5) using fixed-effects regression with agricultural inputs and rainfall
level as covariates (Model 4), and another specification that includes the interaction of GSR and
rainfall (Model 6).

The income effects of GSR are calculated using parameter estimates from the
yield/production function models above, specifically Model 6. Once the parameters of equation
(6) are estimated, the income effect of the GSR varieties is evaluated using a standard profit
function to simulate net farm income distribution evaluated at the farmers’ values of inputs,

output price, and costs.
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5. Results

5.1 Yield effects

The estimated coefficients of the parameters in the yield effects model are presented in Table 4.
For comparison, the results from the OLS regressions (using only the 2012 post-seed distribution
cross-section data and the pooled panel data) and the results from the panel data (using fixed
effects) estimation methods are shown. Models 1 and 3 show that the yield effects of the GSR
rice varieties are positive and significant at 770.48 and 911.43 kg/ha, respectively. The rainfall
effect was observed to be significant only in Model 3 as evidenced by the significant difference
in monthly maximum rainfall precipitation between 2011 and 2012 (see Table 2). In periods of
high rainfall, submergence stress can damage the rice crop even in irrigated areas (Lafitte et al.,
2004). Most existing rice cultivars are seriously damaged if they are completely submerged for
more than 3 days. The interaction effect of the GSR rice varieties and rainfall in Model 2 (OLS-
2012 cross-section) provided more interesting results. This indicates that the marginal yield
effect of the GSR rice varieties is positive and significant only when the monthly maximum
rainfall precipitation exceeds 1,254.96 mm. This means that the benefits of the GSR rice
varieties are only felt when there is severe flooding and ordinary improved rice varieties cannot
withstand submergence.

The results from Table 4 also indicate that the average yield effects of the GSR varieties
tend to be overestimated when selection problems (due to unobservable time-invariant factors)
persist. The F-test, which examines the significance of all the individual dummy coefficients, is
highly significant, suggesting that OLS estimates, which omit these dummies, suffer from
omission variable problems rendering them biased and inconsistent (Baltagi, 2005). In contrast to

the OLS estimates, the estimated parameter results for Models 4, 5, and 6, using panel data with
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fixed-effects regression, are also shown in Table 4. The Hausman test is significant, suggesting
that the fixed-effects model is more appropriate than the random effects model. Models 4 and 5
exhibited positive and significant yield effects from GSR rice varieties of more than half a ton
per hectare. In Model 4, a weather variable (rainfall squared) has been added, but found to be
insignificant.

The interaction effect between GSR and rainfall has been added in Model 6. This control
variable is of particular interest to us given the assumption that GSR rice varieties will produce
better yield when subjected to abiotic pressures, specifically flooding or submergence in this
case. The inclusion of this control variable dramatically changes the estimates making the effect
of GSR varieties on yield positive and significant only at higher levels of monthly rainfall
precipitation. The marginal effect of GSR on yield becomes positive and significant only at
1,270.76 mm of maximum monthly rainfall. The predicted yield values for Model 6 indicate that,
for non-GSR rice varieties, a maximum yield of 4 tons per hectare can only be attained at rainfall
levels below 1,000 mm (see Fig. 2). Higher rainfall rates beyond this level showed yields to be
decreasing at a decreasing rate. Conversely, yield of GSR rice varieties can increase up to more
than 5 tons per hectare, even when rainfall amount is beyond 1,000 mm. This is consistent with
the observation from the data where, at increasing percentiles of rainfall, the yield advantage of
the GSR variety is also observed to increase (Table 5). The time dummy, as defined in Table 2,
was also included in Models 3-6 to serve as a control for secular trends in the outcome variable
(Wooldridge, 2002). The negative and significant sign of the time dummy reflects the general
decrease in mean yield per hectare observed for the entire sample in 2012, when average
maximum monthly rainfall was relatively higher than 2011, and flooding was a frequent

occurrence.
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5.2 Income effects

The income effect of GSR rice varieties is also estimated in support of the Philippine
Department of Agriculture’s objective to raise farm income from paddy rice production. We
estimated the net farm income by using the predicted values of the yield function (Model 6) in
the profit function. The estimation results are shown in Table 6. The mean difference in net farm
income between GSR and non-GSR varieties is positive and significant, indicating the income
advantage of P8,441.78 (1§ = P40.71) in using GSR varieties. In the presence of flooding, using
GSR varieties assures rice farmers of a positive net farm income. This is quite evident in Table 7,
in which net farm income advantage of the GSR over non-GSR varieties is increasing at
increasing percentiles of rainfall. This advantage can reach to as much as P13,079.73 per hectare
at the 90th percentile of rainfall.

To show this income advantage further, the kernel densities of the net farm income
distributions of GSR and non-GSR varieties are presented in Figure 3. This is more informative
than the observed net farm income, since the values are conditional on the control covariates,
thereby producing a more accurate depiction of the effect of the GSR variety. As shown, the
density of the predicted net farm income for GSR varieties lies to the right of non-GSR users.
The probability mass at higher levels of income is larger for GSR varieties, clearly suggesting

the income advantage over non-GSR varieties during periods when there is flooding.

6. Conclusions and policy implications

This study estimates the yield and income effects of rice varieties with tolerance of
abiotic stresses in the Philippines. Specifically, we investigate the economic performance, under
farmers’ production environment, of the GSR rice variety that is tolerant of submergence,

drought, and salinity. A DID framework along with a fixed-effects estimator was used to
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examine the yield and income effects of GSR rice varieties, which can mitigate the effects of
flooding in Laguna, Philippines. The analysis contributes to the accumulating literature on
climate change mitigation in two ways. First, we estimated the yield and income effect of GSR
rice varieties when there is flooding. Second, the method used controls for biases associated with
time invariant observed and unobserved characteristics such as managerial ability.

Overall, the most important finding is the positive and significant effect of GSR rice
varieties on yield and net farm income even with substantial flooding (i.e., the rice is
submerged). In fact, non-GSR varieties are most affected when maximum monthly rainfall
exceeds 1,000 mm, while yield of GSR rice varieties are still increasing. The strong positive
effects suggest that rice farmers have the option to use GSR varieties, especially in production
areas experiencing extreme climatic events, such as flooding, to minimize losses.

In the context of a developing agricultural economy with food security issues, the
empirical results suggest that, introducing GSR varieties in the government’s campaign to
enhance rice yield and income may prove effective, particularly in flood-prone areas of the
country and during the wet-season cropping. Presently, non-abiotic stress tolerant rice varieties
are recommended in the package of technology of the country’s rice production program. With
the increasing frequency of extreme climatic events in the country, particularly in areas where
rice production is prominent and extensive, the opportunity that GSR varieties offer may be
significant in securing more rice and alleviating poverty in the countryside. This however, is not
exclusive of other inputs and socio-economic variables. Human capital development and good
management practices also need to be considered as the use of GSR varieties may not be

sufficient to increase yield and income.
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While the study covers only one province and only a year after GSR seeds were
distributed to the farmers, we need to carefully examine and monitor the yield and income effects
in other stress-prone areas in the future. It is therefore important to identify extensive flood-
prone rice production areas where GSR varieties can be diffused as part of the agricultural
development strategy. Although the results show strong positive impact in terms of yield and
income when there is flooding, it is also important to know how these GSR varieties perform in
other stress environments such as those with drought and salinity. In this way, there can be a
more comprehensive assessment of the medium- to long-term economic effects of these

varieties.
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Table 1. Characteristic features of GSR cultivars distributed to farmes in 2012 wet season.

Breeding | WS Yield DS Yield Maturity
Cultivar Cross Short |approachand | potential at | Potentialat | (days after sowing) Description
information | Name [ generation | IRRI(tha) | IRRI(t/ha)
Huang-Hua- GSRIR irﬁf:ki:rszj(s)n Aromatic, high-yielding, irrigated
GSRIR1-12-D10-S1-D1 | Zhan/Teqing/Hu| B . 6.5 7.6 110 cultivar with tolerance of salinity
ang-Hua-Zhan 2 brecding and drought
g BC,F, g
GSR IR1-12-S2-Y3-12 Huang-H}la- GSRIR . Backcross 655 75 n ngh-.yleldmg, irrigated .cgltlvar
Zhan/Teqing/ | 1125 | introgression with tolerance of salinity
Huang-Hua- GSRIR Backeross High-yielding, irrigated cultivar
GSR IR1-5-S14-52-Y2 | Zhan/OM1723/ introgression 6.5 175 115 with tolerance of salinity and
105s .
/Huang-Hua- breeding drought
Zf‘;%i’?“a' / ‘ E:“km?S High-yielding,irigated cultivar
GSRIRI-$-S6-83-y2 | MM HABMY sqpg | MOBIESION | g g 82 110 with tolerance of salnity,
Huang:Hua- brecding submergence and drought
Zhan BC/F, 4
Feng-Fu-Zhan (FF2) Feng-Sl-. FFZ F, pedlgree 64 74 s CAAIS-‘bred GSR \‘/z?rlety for
Zhan/Fu-Qing- breeding irrigated conditions
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Table 2. Definition of variables

Variable

Definition

Outcome
Yield
NFI

Independent
Area

Labor

N

P

K
AMLabor
Rain

Price
Time
GSR

Paddy rice yield in kg per ha.
Paddy rice net farm income above variable costs in pesos per ha.

Area of the farm in ha.

Use of human labor in mandays per ha.

Kg of nitrogen fertilizer applied per ha.

Kg of phosphorus fertilzer applied per ha.

kg of potassium fertilizer applied per ha.

Mandays of animal/machine used per ha.

Average of monthly maximum rainfall during the cropping period
in mm.

Price of paddy rice in pesos per kg.

A dummy variable: 2011=0 and 2012=1

A dummy variable: Non-GSR variety=0 and GSR variety=1
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Table 3. Descriptive characteristics before and after GSR seed variety use

2011 2012 Difference Difference
Characteristic Baseline/non-GSR ~ Non-GSR GSR (C-A) (C-B)

(A) (B) ©
Farmer
Age (yrs) 55.26 54.79 55.68 0.42 0.89
Household size (no) 4.63 441 4.61 -0.02 0.2
Education (yrs) 8.28 792 8.28 - 0.35
NFI (P/ha) 21191.64 12623.42 28846.65 7655.01 * 16223.22 **%*
Off-farm income (P/yr) 6942.13 55536.04 92836.76 85894.23 37300.71
Income from animal sales (P/yr) 29441.67 30120 140294.4  110852.73 110174.4
Male (%) 89 87 87 -2 -
Owner-operator (%) 26 27 36 -10 9
Farm
Area (ha) 1.43 1.52 1.48 0.04 -0.5
Yield (kg/ha) 4065.3 3757.58 4,817.98 752.68 *** 1060.4 ***
Labor (md/ha) 58.23 06.98 7231 14.31 *** 533
N (kg/ha) 83.64 69.33 65.67 -17.97 ** -3.68 **
P (kg/ha) 13.13 9.97 13.52 0.37 3.54
P (kg/ha) 10.75 8.57 10.74 -0.01 221
AMilabor (md/ha) 22.42 9.99 20.03 -2.38 10.04 ***
Seed (kg/ha) 70.32 71.1 58.66 -11.66 *** -12.44 *#*
Price (P/kg) 12.92 12.59 12.95 0.03 0.35 %
Distance from market (km) 3.19 3.01 3.19 - 0.18
Rain (mm) 784.31 1303.78 1310.69 526.38 *** 6.91
No of samples 57 82 57

Rk xRk represents significance at 1, 5 and 10 percent levels in mean differences
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Table 4. Estimates of the effects of GSR varieties on paddy rice yield in Laguna, Philippines

Estimation Method
Cross-section Data Panel Data
Independent Variable OLS' Pooled OLS" Fixed Effects Estimates
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
GSR 770.479%%*  -174]13.93** 911.433%*+ 637.099** 590.531* -19184.65**
(306.598) (8342.003) (257.879) (322.541) (325.344) (9467.954)
Labor 7221 8.85* 7.926** -0.059 -0.137 0.816
(5.013) (4.998) (3.396) (4.634) (4.632) (4.595)
Seed 0.735 0.552 -1.612 -0.495 -0.557 -0.689
(4.234) (4.175) (3.024) (4.255) (4.254) (4.199)
N 1.267 1415 1.622 -3.764 -4.388* -4.919
(2.951) (2.910) (1.982) (2.656) (2.719) (2.695)
P -3.367 2.901 -1.636 5239 2.961 0458
(19.357) (19.296) (12.328) (19.675) (19.781) (19.563)
K 11599 5.136 10.483 4271 7.544 11.406
(22.230) (22.112) (13.334) (20.465) (20.685) (20.502)
AMLabor 11.401 12.824 411 3.641 3.203 4316
(9.176) (9.069) (4.365) (5.335) (5.343) (5.306)
Rain 335.326 301.591 20655425+ D173k -1.013 2.885
(281.057) (277.482) (2.403) (0.784) (3.099) (3.583)
Rain” -0.129 0.117 0.002 - 0.003 -0.001
(0.110) (0.108) (0.001) - (0.002) (0.003)
GSR x Rain - 13.876%* - - . 15.097**
- (6.361) - - - (1.224)
Time - - 065.542%%*  -1094.327*%*  2369.674* -994.342
- - (819.612) (409.796) (1268.0006) (1414.115)
Constant 213736.1 -189828.5 2713527+ 233LT31%4* 2053744+ 2097.759*
(178566.1)  (176361.5 (834.684) (869.051) (1047.399) (1112.065)
Observations 139 139 217 277 277 27
R2 0.17 021 0.13 0.14 0.15 0.18
Hausman test 9.6 11.44 14.48
[p-value] 0.294 0.178 0.101
F-test: all U i=0 1.63 1.62 1.65
[p-value] 0.002 0.003 0.002
AIC 2450.731 2447731 4828.774 4548827 4548394 4541028

Note: Asterisk (*), double asterisk (**) and triple asterisk (***) denote variables significance at 10%, 5%, and 1% levels, respectively.
Figures in parentheses are standard errors.

* Using the 2012 post seed distribution data
b Using the pooled 2011 and 2012 data
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Table 5. Yield difference between GSR and non-GSR rice varieties at varying rainfall

percentiles.
Rainfall GSR Non-GSR Yield
Percentile variety Variety Difference
kg/ha
10 2857 1800 1057
25 3750 2714 1036
75 5714 4650 1064
90 7142 5600 1542
Mean 4817 3757

Table 6. Mean net farm income (NFI) difference between GSR and non-GSR varieties.

| Rice Variety Obs. NFI (P/ha) Std. Error Difference
GSR 57 30,321.09 907.85 8,448.71%**
Non-GSR 220 21,872.38 2093.61

All 257 23,610.92

% significant at 1% level.
(1$ =40.71 Phil. Pesos)

Table 7. Net farm income (NFI) difference between GSR and non-GSR rice varieties at varying

rainfall percentiles.
Rainfall GSR Non-GSR NFI
Percentile variety Variety Difference
pesos/ha
10 11,798.03 5,096.29 6,701.74
25 21,485.25 13,514.02 7,971.23
75 41,222.03 31,652.27 9,569.76
90 51,254.27 38,174.54 13,079.73
Mean 30,321.09 21,872.38

(18 = 40.71 Phil. Pesos)
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Fig. 1. Location of study sites in Laguna, Philippines.
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Fig. 3. Kernel densities of GSR and non-GSR net farm income, Laguna.
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