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Abstract

In East Africa where a drastic improvement in food security is an urgent need, rice, a non-tradi-
tional crop in most of countries in the region, has emerged as an important food crop that could
extend the Green Revolution to the region following the introduction of New Rice for Africa
(NERICA) in the early 2000s. Using data collected through a nationwide survey, this paper ex-
amines the possibility of rice green revolution by estimating the technical efficiency (TE) of
rainfed rice farmers in Uganda and simulates how unfavorable climate changes affect it. The esti-
mated stochastic frontier yield function showed that the mean TE was 65% for lowland and 60%
for upland, and that the potential yield of rainfed rice cultivation was as high as 3 t-ha™’. However,
the stochastic simulation of rainfall and rice yield revealed that unfavorable climate changes could
erase the high potential in crop yield. Rainfed rice cultivation could be a leading sector for realiz-
ing Green Revolution in East Africa. It plays a critical role in this process to improve rice farmers’
TE, which is lower in the region than in Asia. Worsening climatic conditions, if occur, make this
need even more imperative.
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1. Introduction

A Green Revolution has long been awaited in sub-Saharan Africa (SSA), particularly in East Africa where a
drastic improvement in food security is an urgent need. Since the introduction of New Rice for Africa (NERICA)
in the early 2000s, rice has emerged as an important food crop that could extend the Green Revolution to the re-
gion [1]-[3].

As is well known, the Green Revolution in rice was brought in Asia half a century ago by technological
breakthroughs that increased the yield of irrigated lowland rice cultivation [1] [3] [4]. In East Africa, irrigated
lowland is virtually non-existent [5] and the prospect of large-scale irrigation development, a key concomitant
development with the Green Revolution in Asia, is seriously constrained by its economic infeasibility [6]. The
agro-climatic, ecological and geographical conditions of SSA, however, provide a vast amount of land for
rainfed rice cultivation in many inland valleys in the hydromorphic valley bottoms and the lower parts of the
valley slope adjacent to the hydromorphic edge [5]. It is in this context that NERICA, which fits wetland as well
as dry land conditions, is welcomed as an agent to promote a Green Revolution in rainfed rice cultivation.

Extending the Green Revolution to rainfed rice cultivation would be a particularly vital achievement in SSA
that faces severe environmental conditions vulnerable to future climatic changes. Many climate studies predict
that the variability and uncertainty in rainfall in the region will increase in the future [7]-[9]. Under such circums-
tances, whether NERICA or any other modern varieties can bring a sustainable breakthrough in the yield of
rainfed rice cultivation is crucially important in determining the direction and priority of agricultural research, as
well as the agricultural development policies of the countries in the region and international aid agencies pur-
suing Green Revolutions in SSA. For instance, some recent studies have expressed skepticism as to the possibil-
ity of attaining a Green Revolution based on rainfed rice cultivation [10], or have begun to reexamine the possi-
bility of Green Revolution based on irrigated lowland cultivation in large-scale irrigation schemes [11] [12].

The purpose of this paper is to assess the yield potential of rainfed rice cultivation in farmers’ fields by esti-
mating the technical efficiency (TE) of rainfed rice farmers in Uganda based on the data collected through a na-
tionwide survey. We first estimate TE under the present climatic conditions by applying the stochastic frontier
rice yield function and then conduct simulation analyses with a stochastic simulation model to examine how the
yield potentials change as climatic conditions and TE change. The results will indicate whether a rice Green
Revolution based on rainfed rice cultivation with the current potential is possible in East Africa and what factors
are required to realize it.

2. Methods and Materials
2.1. Stochastic Frontier Analysis

In this paper, the yield potential of rainfed rice cultivation is analyzed by means of stochastic frontier yield func-
tions that measure farmers’ TE in rice cultivation. TE in this paper is defined as the measure of the ability of a
farmer to attain the maximum yield for a given set of inputs [13]. There are a few methods for estimating TE
[14], of which this paper adopts the stochastic frontier function approach [15] [16], taking into account that
rainfed rice cultivation is subject to large weather disturbances and heterogeneous environmental factors.

The stochastic frontier rice yield function is defined as follows:

Y, = £(X,,Z,B)+V,-U, (i=12,,N). (1)

where Y; is the rice yield per hectare of the i-th farmer, X; is a (1 x k) vector of inputs per hectare of the i-th far-
mer, Z; is a (1 x m) vector of critical natural conditions such as precipitation, g is a((k + m+1)x1) vector of
unknown parameters, (') is the frontier yield function that gives the maximum potential yield for any particular
input vector, V; is the random error independently and identically distributed with N (0,o7?) and independent
of U;, and U; is the independently and identically distributed non-negative random error with a mean of either 0
or a non-zero value y; which reflects the i-th farmer’s technical inefficiency [16] [17]. The error term V;
represents purely random disturbances that occur beyond the control of individual farmers, and therefore can
take either a positive or negative value. The error term Uj; takes only a positive value, representing a downward
deviation from the frontier yield attributable to technical inefficiency, and the TE of the i-th farmer is given as
TE, :exp(—Ui). We estimate Equation (1) by the maximum-likelihood method assuming that U; follows an
exponential distribution. In addition to the estimation using the entire sample, the yield function is also esti-
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mated separately for lowland and upland, and whether the estimated coefficients have equal impacts on yield
between the two land types is tested by the seemingly unrelated regression (SUR) method. All regression ana-
lyses are carried out using STATA 12 (StataCorp LP, College Station, TX).

2.2. Stochastic Simulation Analysis

To understand the potential impacts of changes in rainfall and TE on rice yield, we conduct simulation analyses
to generate the mean yield and the distribution of the yield, based on the estimated parameters of the frontier
production function and the fitted stochastic distributions of the number of below-minimum-rainfall (BMR) days,
which shall be explained in detail in the next subsection, and TE.

For BMR days, the stochastic distribution is set as follows: first, fit a stochastic distribution to daily rainfall
data by using a goodness of fit standard (Kolmogorov-Smirnov test), second, calculate the occurrence rate of
BMR days from the simulated rainfall data, third, calculate the number of BMR days by multiplying the occur-
rence rate by 30 days per month, and fourth, identify a better fitting stochastic distribution for the BMR day data.
For TE, a better fitting stochastic distribution is identified similarly from among several possible distributions.
The procedure to find a good fitting stochastic distribution is necessary, notwithstanding the assumption that the
theoretical distribution of TE is exponential, since the theoretical distribution does not always give good per-
formance in reproducing TE data. For both, beta distribution is selected as the stochastic distribution to be used
for the simulation. The mean yield and the distribution of the yield are simulated by the fitted distribution for
different levels of parameters that are set by a few different scenarios.

For rainfall conditions, we set scenarios in that BMR days change by 5% and 10% in both directions, unfa-
vorable (i.e., an increase in BMR days) and favorable (i.e., a decrease in BMR days). We adopt these levels of
rainfall change referring to two contradicting rainfall predictions for East Africa: One foresees increases in pre-
cipitation within the range of 5% to 20% [7], and the other anticipates drier conditions with an observation that
recent rainfall is lower than the 1950-1979 averages by as much as 20% [9]. Twenty percent change in the mean
value of daily rainfall corresponds to an about 10% change in the mean values of the number of BMR days in
our data. For TE, we set scenarios in that its mean level is improved to 70% as a lower target and 80% as a
higher target, because the past studies indicate that these target levels are practically attainable.

The mean yield will be simulated for each combination of the five levels of BMR days (baseline, 5% up/down,
and 10% up/down) and the three levels of TE (baseline, 70% and 80%). The yield distribution will be simulated
for four scenarios out of the 15 scenarios for the mean yield: first, baseline under the condition that all variables
are kept constant at their sample means, second, the most unfavorable scenario in that BMR days increase by 10%
with TE at the baseline level, third, BMR days increase by 10% with TE improved to 80%, and fourth, the most
favorable one with 10% decrease in BMR days with TE improved to 80%. The output variable of the simulation
model is yield (t-ha *) in natural log form, which is reconverted to original values when necessary. The simula-
tion is carried out using @risk 5.7 (Palisade Corp., Ithaca, NY).

2.3. Materials

The main dataset used for estimating the yield function in this paper was obtained from a nationwide survey of
rice growing farmers conducted by the National Crops and Resources Research Institute (NaCRRI) in collabora-
tion with the Africa Rice Centre. The original sample of farmers was drawn from all five major rice producing
regions in Uganda by applying four-stage stratified random sampling as follows: 1) random selection of three
rice growing districts in each sample region, 2) random selection of two rice growing sub-counties in each sam-
ple district, 3) random selection of two rice growing parishes in each sample sub-county, and 4) random selec-
tion of 20 rice growing farm households in each sample parish.

An interview survey was conducted from August to November 2009 using structured questionnaires that in-
cluded questions on rice cultivation during the 2007 second season and the 2008 first season. Out of the whole
sample, a subsample consisting of rainfed rice farmers was made, and then a sample for analysis (the sample
hereafter) was made from this rainfed rice farmer subsample by discarding observations for which 1) the house-
hold characteristics are missing and 2) the rice yield is less than 25 kg-ha*. The second criterion was adopted to
exclude observations where the rice cultivation was total failure because of extreme factors beyond the farmers’
control, the inclusion of which caused non-convergence in the maximume-likelihood estimation. The sample ob-
tained consists of 1028 rainfed farm plots planted with rice, either upland or lowland, cultivated by 799 farmers.
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The number of sample observations used for the analysis in this paper is presented by region and district in Ta-
ble 1.

Rainfed rice is cultivated in two types of land: dryland and wetland. Commonly, the former is called upland
and the latter lowland, the prime distinction between the two being the absence or presence of standing water in
the fields when growing rice, respectively. The typical lowland is found in hydromorphic inland basins or inland
valley bottoms, while typical upland is found on plateaus and sloping lands in inland valleys beyond the hydro-
morphic edge [5]. In this paper, we use the term “lowland” for wetland and the term “upland” for dryland, and
examine the yield potentials of these land types separately.

All the data used in the estimation were obtained from the survey, except for rainfall, on which data were ob-
tained from the Meteorological Center of Uganda. Beyond the total rainfall measured from 1 July 2007 to 30
June 2008, we use daily rainfall data during the year to prepare six monthly rainfall measures of the number of
days with below minimum rainfall (BMR) by counting the number of days with rainfall less than 4 mm-day *.
For example, “BMR days: 1st month” is the average of days with rainfall less than 4 mm-day * in July 2007 (the
1st month of the 2007 second season) and January 2008 (the 1st month of the 2008 first season). The 4
mm-day ' was selected as demarcating the “minimum” rainfall per day based on the recommendation that
rainfed rice cultivation be practiced in areas where the 5-day total rainfall of 20 mm is assured for the period
from sowing to 15 days before harvesting [18].

3. Results and Discussion

3.1. Rainfed Rice Cultivation in Uganda

The extent of cultivation: rainfed rice cultivation is found throughout Uganda, except for the mountainous and
pastoral areas in the eastern and southwestern corners of the country [19]. Our NaCRRI survey gives an estimate

Table 1. Sample distribution of rice farmers and rice plots and the percentage share of lowland and upland cultivation by re-
gion and district.

Plots in sample

Region District fl;lr?f]grfs No. of %
plots Lowland Upland
Far-Eastern Soroti 76 76 100 0
Pallisa 80 80 100 0
Kumi 46 48 96 4
Near-Eastern Butaleja/Totoro 16 31 97 3
Bugiri 45 86 85 15
lganga 66 99 48 52
Central Mukono/Kayunga 57 73 88 12
Luwero/Nakaseke 42 57 68 32
Wakiso 39 44 43 57
North Lira 53 73 66 34
Apac 55 71 59 41
Gulu 66 78 33 67
West Masindi 40 44 5 95
Hoima 70 119 1 99
Kamwenge 48 49 0 100
Total 799 1028 58 42
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of 110,000 ha planted with rice in 2007-2008. Because the irrigated lowland area in the country is estimated to
be 2000 ha [5], rainfed rice takes more than 95% of the area planted with rice, even if two crops could be
planted per year in all the irrigated area. For the sample, about 60% of rainfed rice cultivation was carried out on
lowland and 40% on upland (Table 1). The distribution of upland and lowland in Uganda has a clear regional
pattern: rainfed lowland cultivation dominates in eastern regions, and as one goes to the north and the west the
percentage of rainfed upland cultivation increases.

Household characteristics of farmers cultivating rainfed rice: the household characteristics of rice farmers
in the sample are summarized in Table 2. On average for the sample, rice farmers were around 40 years old, had
reached the educational level of junior high school, had lived in their villages for more than 30 years, and had 8
family members, of whom 3 were children between 6 and 15 years old. Ten percent of them were female-headed
households and crop cultivation was the main economic activity for more than 90% of rice farmers. Nearly 70%
of farmers in the sample were small farmers with total cultivated area of less than 2 ha. These household cha-
racteristics are quite comparable to the characteristics of rice farmers reported by earlier studies conducted in
various parts of Uganda [10] [20]-[22].

When compared by land type, rice farmers cultivating rainfed lowland differed significantly from their coun-
terparts cultivating rainfed upland for some characteristics. Lowland rice farmers were younger, had fewer fe-
male-headed households, had a greater share of their economic activities derived from crops, lived in their vil-
lages longer, and cultivated smaller farm land.

Actual rice yield and varieties planted: the first row of Table 3 gives the average rice yield per hectare for
the sample, which was 1.9 t-ha™!, higher than the yield of 1.4 t-ha™* reported in FAOSTAT for 2007 and 2008
[23]. The difference in the unit yield between lowland and upland was not so large, but the t-test indicates that
the mean difference is significant (p = 0.003). The average yield distribution is skewed toward the high yield
side, having a longer tail on the low yield side, with the median yield of 1.7 t-ha * for lowland and 1.6 t-ha * for
upland.

The rice varieties planted by rainfed rice farmers are also shown in Table 3. The most popular variety was
Supa for lowland and NERICA for upland, the former taking 50% of lowland rice planted area and the latter
more than 70% of upland rice area. For lowland cultivation, Kaiso followed Supa. Reflecting differences in the
share of lowland and upland by region, the diffusion of varieties had strong regional biases. It must be noted that
all these varieties are “improved” or “modern” rice varieties. NERICA varieties were recently bred in Africa and
Kaiso was brought to Uganda from China after the Green Revolution in Asia. Supa is said to be brought from
Indonesia prior to the Green Revolution, but its high yielding records under experimental conditions suggest that

Table 2. Household characteristics of rice farmers in survey sample by land type, 2007-2008%

Entire Sample (N = 1028) Lowland (N=596)  Upland (N = 432)

Mean
Variables Unit  Mean SD  Mean  SD  Men  SD Difference
Head of household age yrs 41.8 12.4 39.8 11.6 445 13.4 —4.66 ”
Head of household education® yrs 2.62 1.46 2.62 1.36 2.63 1.59 -0.01 n
Years in village® yrs 34.0 15.2 35.1 13.9 324 16.9 2.70 ”
Number in family no. 7.68 3.18 7.57 3.21 7.84 3.14 -0.27 e
Number of children no. 2.86 1.97 2.80 1.93 2.94 2.03 -0.14 "
Female headed® % 9.82 29.7 7.74 26.7 12.7 334 —4.93 -
Crop major® % 92.1 26.7 95.5 20.8 87.6 33.1 7.90 ”
Small farmers' % 65.0 47.4 704 45.8 57.6 49.4 12.8 )

a. SD = standard deviation. Mean difference between lowland and upland is significant at 1% level or higher if marked with * and not significant if
marked with ns. b. Average of the values as assigned in the following categories: no formal education = 0, pre-primary = 1, primary = 2, junior = 3,
ordinary level = 4, advanced level = 5, tertiary institution after O-level = 6, tertiary institution after A-level = 7, university = 8. c. Number of years
living in the village of present domicile. d. Percentage of households headed by female. e. Percentage of households whose main economic activity is

crop farming. f. Farmers cultivate less than 2 ha.
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Table 3. Rice yield per hectare by land type and variety, 2007-20082,

Entire Sample (N = 1028) Lowland (N = 596) Upland (N = 432)

Share Planted Yield SD  Share Planted Yield SD  Share Planted Yield SD

Variety Groups % t-ha™ % t-ha™ % t-ha™
All° 100 1.9 1.3 100 2.0 1.4 100 1.7 1.2
Nerica 34 19 © 13 8 25 719 70 18 © 12
Supa 31 15 ' 1.0 52 16 T 1.0 1 09 © 09
Kaiso 7 25 17 11 24 " 16 1 28 " 31
Other Lowland Varieties 11 26 F 16 19 26 " 16 2 25 7 13
Other Upland Varieties 17 19 " 12 10 22 7 15 26 1.7 7 11

a. SD = standard deviation. The average yields followed by the same symbol are not statistically different at the 5% level of significance using Tu-
key’s test. b. The difference in average yield between lowland and upland is statistically significant (p-value = 0.003).

it is a variety of some improvements.

For the sample, in terms of average yields, the variety groups can be divided into three classes by Tukey’s test
(Table 3): low-yield (Supa), middle-yield (NERICA) and high-yield (Kaiso and other lowland varieties). The
average yield of other upland varieties was not statistically different from the yields of Supa or of NERICA. It is
worth noting that some farmers planted NERICA on lowland, with an average yield that was significantly higher
than the yield of NERICA planted to upland (p = 0.0001). On the other hand, very few farmers planted Supa on
upland.

Production inputs in rainfed rice cultivation: the production inputs used by the rainfed rice farmers in the
sample are summarized in Table 4. The average size of land area planted with rice, 0.6 ha farm™, was quite
uniform between the two land types. The non-land production inputs of seed, fertilizer, herbicide and labor are
also shown in Table 4. For labor, the total labor used for weeding, for which reliable data were available, is
shown. The intensities of most non-land inputs were at similar levels for lowland and upland, with the exception
of fertilizer, for which the intensity was higher for upland than for lowland. It is also remarkable that farmers
applying fertilizers and herbicides were still small minorities in Uganda.

Rainfall: the six rainfall measures, starting from the beginning of the two rainy seasons (July and January),
are shown in Table 4, together with the total yearly rainfall from 1 July 2007 to 30 June 2008. Rainfall of 1000
mm per year, or 500 mm per season, is required for growing rice under rainfed conditions [19]. The seasons un-
der study in 2007-2008 on average satisfied this condition for both lowland and upland. The distributions of
BMR days were similar for both land types, though the mean values were significantly different, varying from
21 days to 27 days. It is critical for growing rice to have sufficient rainfall in the early growing stage, that is, the
1st and 2nd month of the two cropping seasons. The data shown in the table suggest that it was less likely, for
both lowland and upland, that the condition of 5-day rainfall of 20 mm is satisfied for the early stage.

3.2. Frontier Yield Function

Estimated frontier yield functions: the results of stochastic frontier yield function estimation are summarized
in Table 5 for the sample, and for the lowland and upland subsamples. In the estimation, the natural logarithm
of the unit yield was regressed on the natural logarithm of non-land production inputs per hectare (Table 4) and
on household characteristics (Table 2), variety dummies for “Supa” and “Kaiso and other lowland varieties”
(Table 3), and the three measures of monthly rainfalls (Table 4). If there is zero value, a very small value, 0.001,
was used instead of zero for log-transformation. As for the monthly rainfall measures, the first three months
were included, which performed best in terms of the Akaike Information Criteria, in order to avoid multicolli-
nearity. The total rainfall in the year 2007-2008 was also tested in the estimation, but it gave no significant coef-
ficient. For other explanatory variables, only those that gave regression coefficients with the significance level
of 10% or higher were retained. The frontier models assuming half-normal distribution were also estimated, but
they were statistically inferior to the exponential models. In all the models shown in Table 5, all explanatory va-
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Table 4. Land area planted with rice, inputs per hectare in rice production, and rainfall by land type, 2007-20082,

; Entire Sample (N = 1028) Lowland (N = 596) Upland (N = 432) Mean
VT 8 Difference
Mean SD Mean SD Mean SD
Production inputs:
Area planted to rice (ha-farm™) 0.63 1.77 0.63 1.49 0.64 1.13 -0.01 ™
No. of rice plots (no.-farm™) 1.29 0.59 1.21 0.53 1.22 0.54 -0.01 ™
Area per rice plot (ha-plot™) 0.52 2.25 0.52 3.67 0.52 2.14 -0.01 ™
Seed (kg-ha™) 37.1 28.0 37.6 311 36.4 231 120 ™
Fertilizer adopting (%) 10.7 30.5 7.41 26.2 15.2 35.6 -7.80
Fertilizer applied (kg-ha™") 2.62 17.1 1.74 14.7 3.82 19.9 -2.09 7
Herbicide adopting (%) 13.6 344 12.8 334 14.7 35.6 -1.95 ™
Herbicide applied (I-ha™) 0.37 1.37 0.41 1.54 0.33 1.08 0.08 ™
Weeding labor” (person-days ha') 177 187 178 194 177 177 128 ™
Rainfall:
Total rainfall (mm-yr™) 1407 252 1434 264 1370 231 641
BMR days®:
1st month® (days-month™) 25.4 0.81 25.3 0.95 25.5 0.56 -0.14
2nd month® (days-month™) 23.8 1.55 24.0 1.10 23.6 1.99 033 °
3rd month' (days-month™) 214 1.99 20.8 1.56 22.2 2.21 -141
4th month? (days-month™") 215 1.68 21.2 1.52 22.0 1.78 -0.80
5th month" (days-month™') 23.9 1.62 23.3 1.16 24.8 1.78 -144 7
6th month' (days-month™) 27.3 1.04 275 1.15 27.1 0.80 036

a. SD = standard deviation. Mean difference between lowland and upland is significant at the 1% level or higher if marked with * and not significant if
marked with ns. b. Total labor input for weeding. 1 person-day = 8 hours. c. Below-minimum-rainfall days. d. The average number of days with rain-
fall less than 4 mm-day * in July 2007 and in January 2008. e. The average number of days with rainfall less than 4 mm-day * in August 2007 and in
February 2008. f. The average number of days with rainfall less than 4 mm-day * in September 2007 and in March 2008. g. The average number of
days with rainfall less than 4 mm-day * in October 2007 and in April 2008. h. The average number of days with rainfall less than 4 mm-day " in No-
vember 2007 and in May 2008. i. The average number of days with rainfall less than 4 mm-day * in December 2007 and in June 2008.

riables are treated as arguments of the yield function, as defined in Equation (1). We also estimated the technical
inefficiency effects model, in which some variables, such as the household head’s age and educational level, af-
fected the random term U;, with inferior statistical performances.

First, let us turn to Regression [1] for the entire sample. Among the explanatory variables included in our trial
regressions, 10 variables gave significant coefficients. The results are essentially consistent with the yield func-
tion estimated earlier using the data from the same survey [24]. Previous studies found the positive impacts of
seeds on yield [10] [22], and of fertilizers [22] [25]. Many studies found the negative impacts on the adoption of
rainfed rice cultivation of farmers’ age [10] [20] [21] [26]. In studies where age is treated as a determinant of
technical inefficiency, some found a negative impact [27] and some others a positive one [28]. Farmers with
large family size have an advantage in labor intensive rice cultivation [28]. It is also a popular finding that there
is a significant difference in rice yield between small and large farmers [22].

The two variety dummies have positive impacts on yield, indicating that the yields of Supa, Kaiso, and other
lowland varieties were on average higher than that of NERICA and other upland varieties. In particular, it is
noteworthy that the yield performance of Supa was better than NERICA, contrary to the simple comparison in
Table 2 without controlling rainfalls and other explanatory variables. The three monthly BMR days all gave
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Table 5. Estimation results of stochastic frontier yield function for rainfed rice cultivation by land type, 2007-2008%,

Regression [1] Regression [2] Regression [3] Coef.
equality
Entire sample Lowland Upland test?
Variables Coef. p>lz| Coef. p>|z| Coef. p>z| 7
log (seed) 0.274 0.000 0.249 0.000 0.367 0.000 1.30
log (fertilizer) 0.014 0.050 0.021 0.054
Family size 0.017 0.008 0.020 0.011
Head’s age —0.004 0.020 —0.004 0.063
Small farmers 0.144 0.001 0.101 0.071 0.192 0.003 1.12
Variety: Supa 0.142 0.021 —0.645 0.032
Kaiso/other lowland 0.196 0.001

BMR days: 1st month -0.280 0.000 —-0.291 0.000 —0.251 0.002 0.16

2nd month -0.076 0.000 -0.073 0.029 -0.083 0.000 0.05

3rd month 0.092 0.000 0.129 0.000 0.079 0.001 2.33
Intercept 32.33 0.000 12.58 0.000 12.54 0.000 0.00
log o, ~1.748 0.000 -4.063 0.000 -1.852 0.000
log aj —0.977 0.000 —1.248 0.000 -1.985 0.000
LR-test (o, = 0) 200.0 0.000 90.37 0.000 94.94 0.000
log likelihood -1072 —595.3 —462.7
AIC 2171 1211 945.3
TE (Mean, SD) 0.622 0.198 0.654 0.177 0.602 0.212
N 1028 596 432

a. The dependent variable is the logarithm of rice yield (kg-ha™). The variables corresponding to blank cells and not shown in the table are those ex-
cluded from the models due to poor statistical performance. b. Upper-tail critical value at 10% of y* (1) is 2.706.

highly significant impacts on rice yield: negative impacts in the first two months and a positive impact in the
third month. The negative impacts of these rainfall measures, which mean that a greater the number of days with
rainfall of less than 4 mm-day * results in lower rice yields, suggest the importance of rain at the early stages of
plant growth in rainfed rice cultivation. In particular, the large coefficient for the 1st month rainfall indicates that
rainfall at the beginning of rice cultivation is critically important. Since rice generally requires sufficient water
even in the third month (60 - 90 days) after planting, it would be reasonable that the coefficient of 3rd month
BMR days be negative as well, contrary to our results. Given the fact that rainfall was most plentiful in the 3rd
month in the seasons under study (Table 3), our results seem to indicate that higher solar radiation helped higher
yield under a given level of rainfall.

Looking at regressions [2] and [3], the positive impact of fertilizers on yield was found in lowland cultivation.
Similarly, the family size mattered in lowland and the household head’s age did in upland. As to the variety
dummies, regression [2] showed no yield difference among the variety groups for lowland, while regression [3]
indicates that Supa, if planted in upland, yielded significantly less than NERICA and other upland varieties. Al-
though there were such differences between the two regressions, the null hypothesis that there was no difference
in the estimated coefficients between lowland and upland was accepted at the 10% significance level, indicating
that there was no significant difference in the structure of rainfed rice technology between lowland and upland
cultivation.

Technical efficiency: however, there was clear difference in the rainfed farmers’ TE between lowland and
upland: The mean TE in lowland cultivation was 65%, which was significantly higher than the mean TE of 60%

)
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in upland cultivation at the 1% significance level. Such results could arise partly from the harsher and more
vulnerable nature of upland, and partly from the fact that rainfed upland rice cultivation has a shorter history,
with less experienced rice farmers than lowland rice cultivation.

Rice farmers’ TE in SSA reported in the recent literature have been found to be 51% - 53% in Northern Gha-
na [28], 54% in Nigeria [26] and 68% - 70% in Mali [29]. A study obtained a rate of profit efficiency, consisting
of TE and allocative efficiency, of around 50% for rice production in Uganda [30]. On the other hand, past stu-
dies in Asia have found mean TEs ranging from 74% to 94% for irrigated rice [31]-[34] and from 70% to 84%
for rainfed rice [33]. Our TE estimates of 60% to 65% for rainfed rice farmers in Uganda are closer to the higher
end of the TE range of SSA rice farmers, but consistently lower than the TEs of Asian rice farmers.

The average actual yields of farmers (Table 3) and the estimated TE levels together imply that the potential
yield of rainfed rice cultivation in Uganda could be as high as around 3 t-ha™* under the technology available at
present in farmers’ fields. Such levels are comparable with those that farmers realize in advanced rainfed rice
growing areas [10] [20] [22] [25] [35]. In order to realize this potential yield, the technical inefficiency must be
reduced through various channels of technology extension. It was found for maize farmers in Ethiopia that effi-
cient extension services could improve farmers’ TE to nearly 100% [36].

3.3. Simulation Results

As our frontier yield function revealed, the unit yield of rainfed rice cultivation is significantly affected by rain-
fall conditions. How vulnerable is rainfed rice cultivation to changes in rainfall and to what extent can im-
provements in farmers’ TE counteract the changes? Table 6 summarizes the results of simulation for the mean
yield.

If rainfall increased in the future as predicted by some studies [7], there would be fewer problems. With a 10%
decrease in BMR days, even with the present level of TE, the mean rice yield would be as high as 3 t-ha™* for
both the land types. A similar level of unit yield would be attained under the scenario of 5% decrease in BMR
days, if farmers’ TE were improved to 80%. On the other hand, if the rainfall condition changed toward the un-
favorable direction, the high yield potential of rainfed rice cultivation would be lost. In the scenario in that BMR
days increase by 5%, the yield would decrease by nearly 30% from the baseline, and even if efforts were made
to improve TE to 80%, the yield gain for both land types would not be enough to recover the yield loss due to
the adverse climatic change. This exercise indicates that if climatic changes brought about less rainfall in the fu-
ture and if rainfed rice cultivation were to achieve “revolutionary” levels, its tolerance to drought would have to
be strengthened by all means through improvements in varieties and cultivation practices. In addition to analyz-
ing the mean-level changes, let us see how the distribution of unit yield changes as rainfall and TE change. The
stochastic distributions of yield generated are shown in Figure 1 for the four scenarios. The vertical line in the

Table 6. Simulated mean-yields under the baseline and alternative scenarios by land type®.

Changes in below-minimum-rainfall days

TE Baseline 5% increase 10% increase 5% decrease 10% decrease

Lowland: t-ha™' (%)

Baseline 1.71 (0) 1.24 (-28) 0.90 (—48) 2.37 (38) 3.27 (91)

70% 1.83 ) 1.33 (-22) 0.96 (—44) 2.53 (48) 3.50 (104)

80% 2.09 (22) 1.52 (-11) 1.10 (-36) 2.89 (69) 4.00 (134)
Upland:

Baseline 1.55 (0) 1.11 (-28) 0.81 (—48) 2.15 (39) 2.99 (93)

70% 1.80 (16) 1.29 (-16) 0.94 (-40) 2.50 (61) 3.48 (125)

80% 2.06 (33) 1.48 -5) 1.07 (-31) 2.85 (84) 3.97 (156)

a. The figures in parentheses are percent change relative to the baseline yield. The baseline yield for each land type was obtained by inserting the
mean values of the explanatory variables into the estimated frontier yield function and then converting them from log to original unit (t-ha™), and
therefore different from the average yields shown in Table 3, which are expressed as arithmetic means.
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Figure 1. Distributions of simulated yield per hectare under the selected scenarios.

figure drawn at x = 6.68, which corresponds to 0.8 t-ha*, is a break-even yield at which the value of output is
equivalent to farmers’ paid-out costs. The unfavorable climatic change shifts the yield distribution toward left,
resulting in an increase in the percentage of farmers below this break-even line from 11% to 47% for lowland
and 21% to 54% for upland, if farmers” TE were to remain at the present level. If TE were improved to 80%,
however, the percentage would be less than one-third, which indicates that improving farmers’ TE is an effec-
tive measure for mitigating the adverse impact of unfavorable climatic changes and retaining rainfed rice farm-
ing viable and sustainable.

4. Conclusions

Using the data collected from a nationwide survey in Uganda, we have looked into the potential yield of rainfed
rice cultivation by estimating the TE of rainfed rice farmers and how it is affected by climatic changes that bring
changes in rainfall. The estimation of frontier yield function revealed that there was no difference in rice yield
between rainfed lowland and rainfed upland, but the mean TE of lowland (65%) was higher than that of upland
(60%). Given the technology available at present to farmers, the potential yield was estimated to be around 3
t-ha™*, which could be said to be “revolutionarily” high as the yield of rainfed rice cultivation [20]. However,
rainfed rice cultivation is vulnerable to unfavorable climatic changes. Our simulation analyses revealed that a 10%
to 20% decrease in rainfall in the early growth stages of rice cultivation could erase the “revolutionary” gains.

Improvements in farmers’ TE are important to extend a rice Green Revolution in East Africa where rice is a
new, non-native crop. A shorter history of rice cultivation in the region is reflected in the consistently lower le-
vels of rice farmers’ TE than in Asia. The need to increase human capacity through research and extension ser-
vices is emphasized for an African Green Revolution to become a reality [37]. This is particularly true in the
case of rice, since rice research in many East African countries is a very recent development, and therefore the
talent pool of rice researchers and extension workers with good knowledge of rice technology is still underde-
veloped. To make rainfed rice cultivation viable, sustainable and revolutionary, it is no doubt necessary to im-
prove farmers’ TE through designing and promoting effective technology extension services, backed up by sys-
tematic and persistent research on rice cultivation, including the research to strengthen drought tolerance
through improvements in varieties and cultivation practices.
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