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Technical Efficiency of Cabbage Production in Southern Shan State of Myanmar by Controlling for Weather Factors: A Stochastic Frontier Production Approach 


Abstract

[bookmark: _Hlk214072012]	This study examined the effect of weather conditions on the technical efficiency and productivity of cabbage production in Southern Shan State, Myanmar—a key vegetable-growing region that is becoming more susceptible to extreme weather. The Stochastic Frontier Production (SFP) function was conducted to estimate the productivity and technical efficiency under two distinct scenarios: with and without controlling for weather variables (specifically, maximum temperature during the vegetative stage and rainfall during head formation and harvesting stages) using cross-sectional data from 150 cabbage farmers collected during the 2024 monsoon season. The results revealed that farmers’ mean technical efficiency was 86.4% when weather factors were considered, slightly higher than the 85.1% calculated without them, which suggested that omitting weather conditions overstated production inefficiency. Key positive drivers of overall productivity were Farm Yard Manure (FYM) and fungicide use, whereas the overapplication of chemical fertilizers (urea, compound, and foliar) had a detrimental effect, particularly under unfavourable weather conditions. Furthermore, farmers’ education, farming experience and the adoption of weather adaptation strategies (resistant varieties and adjusting sowing dates) were identified as significant contributors to reducing inefficiency. To secure the long-term sustainability of cabbage farming in the study areas, these results highlighted the necessity for policy initiatives that promote the use of organic fertilizers (FYM). These efforts should be integrated with providing farmers with personalized nutrient management plans to prevent the overuse of chemicals and facilitated specialized technical trainings focused on integrated fertilizer management for improved nutrient use efficiency. Additionally, investing in the development of advanced climate services, enhancing farmers' perception of weather variability and their access to real-time forecasting will be crucial for mitigating weather- related risks, encouraging the adoption of effective and location-specific adaptation strategies. 
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1. Introduction
 Myanmar’s agriculture sector is the most vulnerable to the extreme weather and climatic conditions though it plays a primary role in economic growth and income generation for the majority of people (Tun Oo et al., 2023). Extreme weather occurrences can significantly harm agriculture and affect farmers' decisions regarding the distribution of farm inputs, leading to diminished crop yield, increased inefficiency and crop losses (Ali et al., 1994; Kyaw et al., 2023). One way to be sustainable agriculture sector lies in raising productivity through improving the technical efficiency of resource use (Ogada et al., 2014). Technical efficiency (TE) here refers to a farm's capability to produce the maximum possible output from a specific set of inputs and technology (Dhungana et al., 2004). Farmers’ technical efficiency is significantly affected not only by the availability of physical resources and farming technologies but also by existing environmental factors that impact their output (Rahman and Hasan, 2008). 
Stable crops like cereals, pulses, oilseed crops, fruits, and vegetables are widely grown across the country. Unfortunately, vegetables are vulnerable to harsh weather, making high temperatures and heavy rain have a severe impact on their yields, a situation expected to intensify with climate change. Cabbage (Brassica oleracea) stands out as one of the important vegetables in Myanmar in terms of its high production and consumption. Cabbage’s sown areas represented the third-largest portion of total vegetable areas in Myanmar after tomato and mustard (Department of Agriculture [DOA], 2023). Weather conditions and other factors are relating with yield of cabbage. Despite its ability to adapt with different climatic and soil conditions, cabbage prefers cold and humid growing regions, as well as cooler seasons, while reacting favourably to optimum temperatures in all growing stages (Červenski & Medić-Pap, 2018; Rashid et al., 2020). 
Shan State, particularly the Southern region, is recognized as the key area for vegetable farming in Myanmar, providing year-round cultivation and a substantial supply of cabbage to domestic markets across the country (Vagneron et al., 2019). Southern Shan State is increasing vulnerable to fluctuating weather patterns including unpredictable rainfall and extreme weather events conditions like high temperatures and severe flooding. Cabbage is highly vulnerable to these extreme weather events are directly impacting affeccting its growth, yield and quality. Cabbage farming in Southern Shan State experienced significant disruption due to the severe flooding and landslides caused by the remnants of Typhoon Yagi in September 2024. The high susceptibility of cabbage crops to excessive rain and inundation likely led to major yield losses for farmers in affected areas, thereby drastically reducing their overall production efficiency, threatened their livelihoods and the national vegetable supply (ACAPS, 2024; World Bank, 2025). 
Although incorporating relevant weather conditions is vital for an accurate understanding of crop yields and production efficiency, many studies examined the technical efficiency of cabbage production without considering weather factors. Without accounting for uncontrollable weather factors such as temperature and rainfall would lead to inaccurate estimates of how various inputs contribute to cabbage production and cause the level of technical inefficiency to be overstated. The uncaptured weather variability would instead be mistakenly absorbed into the inefficiency term, providing an inaccurate picture for policy recommendations in cabbage farming. 
[bookmark: _Hlk211885546]Therefore, this study investigated the productivity and technical efficiencies of cabbage farmers considering the relevant weather factors, including temperature and rainfall. After that, the effects of weather factors to cabbage yield under consideration of with and without weather production conditions were analysed. 
Hypothesis 1: 	Adverse weather factors such as heavy rain and high temperature, negatively affected cabbage yield and technical efficiency of cabbage production.
Hypothesis 2: 	Cabbage production inputs such as rates of urea, compound, FYM, foliar, pesticide and fungicide were positively significant in increasing cabbage productivity.
Hypothesis 3: 	Farmers’ education level, sown area of cabbage, weather information, farmers’ perceptions of temperature and rainfall changes, locations, and weather adaptation strategies such as changing of resistant varieties and sowing date were significantly influenced the technical efficiency of cabbage production.
2. Research Methodology 
2.1 Study area and data collection
The total area of cabbage within Shan State reached 9,161 hectares in 2022-2023. The largest share was in Southern Shan State, accounting for 5,368 hectares (58.6%), followed by Northern Shan State with 2,529 hectares (27.61%), and Eastern Shan State with 1,264 hectares (13.8%) (DOA, 2023). Within the Southern Shan State, Pindaya, and Kalaw Townships were selected as the study area due to their large sown areas of cabbage and feasible conditions for data collection. The purposive sampling method was initially used to identify the cabbage farmers in each township, followed by simple random sampling among cabbage farmers. During October to December 2024, a total of 150 sample cabbage farmers in two designated townships, with 75 farmers chosen from each township were individually interviewed with a set of structured questionnaires to get the detailed information on cabbage production based on experiences of 2024-2025 monsoon cabbage growing season. The collected data included cabbage yields and the amount of inputs used such as seed, urea, compound, FYM, foliar, pesticide, fungicide, and labour (family and hired labour) rate. Other information included education level, farming experience, sown area, access to weather information, existing climate adaptation practices, farmers’ perception on weather changes, etc. Moreover, average monthly rainfall and maximum temperature data during the 2024 monsoon cabbage growing season were collected from the selected Townships’ offices of the Department of Agriculture (DOA).
[bookmark: _Hlk212318722]Chart 1 showed the generalized implementing activities of cabbage farming with respective growth stages while Figure 1 visually illustrated the average monthly maximum temperature and rainfall distribution during the 2024 in the study areas. The average annual rainfall for Pindaya and Kalaw Townships was recorded at 108.61 mm and 151.19 mm, respectively, with corresponding maximum temperature averaging approximately 29.92 °C and 32.70 °C (DOA, 2024). Cabbage cultivation in the study area followed the typical monsoon schedule, with the growing season beginning with the onset of rainfall in May. Seed bed preparation commenced in the 2nd and 3rd weeks of June, during which Pindaya and Kalaw Townships received substantial rainfall of approximately 159.77 mm and 282.96 mm, respectively. Rainfall intensified continuously from the early stages of growth covering the seedling, land preparation, and transplanting stages in July to the vegetative stages in August. As Southern Shan State was one of the areas that suffered from the consequences of Typhoon Yagi, which was occurred in September 2024, the highest rainfall 398.27 mm in Pindaya and 512.83 mm in Kalaw Townships were recorded during the critical flowering and head formation stages in September. Subsequently, although rainfall amount decreased, heavy precipitation persisted into the October harvest period, causing some cabbage farms to suffer from flooding.  
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Chart 1: Generalized cropping calendar of 2024 monsoon cabbage in Kalaw and Pyindaya Townships





















Figures 1: Average monthly maximum temperature (°C) and rainfall (mm) of Kalaw and Pindaya 
    Townships in 2024 
2.2 Data Analysis Method 
For the investigation of the influencing weather factors (temperature and rainfall) on cabbage production and efficiency estimation, the Cobb-Douglas production frontier function with maximum likelihood techniques, using a stochastic production function (SPF) was adopted in this study. Besides examining the consequences of average maximum temperature incidence during the vegetative stage and average rainfall incidence during the head formation and harvesting stages of cabbage, the production frontier was estimated with and without weather factors (temperature and rainfall) to explore the effects of weather-related production conditions. Thus, the traditional specification of the production frontier, which omits the two weather impact variables, was given as follows:
𝐿𝑛𝑌𝑖 = 𝛼0 + Σni=1 𝛼𝑗∗ 𝑙𝑛𝑋𝑖𝑗+𝑣𝑖∗− 𝑢𝑖∗                                                        	 (2.1)
and
𝑢𝑖∗ = 𝛿0∗ + Σ 𝛿𝑑∗𝑍𝑖𝑑+𝜁𝑖∗	                                                             	 	 (2.2)
where 𝐿𝑛 was a natural logarithm; 𝑌𝑖 was the amount of cabbage yield produced on the ith farm measured in MT per hectare; 𝑋𝑖𝑗 was the jth input used on the ith farm that had values on a per hectare basis, such as the urea  rate (kg), compound rate (kg), FYM rate (kg), foliar rate (L), pesticide rate (L), fungicide rate (L) and human labour rate (man-day); 𝑣𝑖 was the two-sided random error, and 𝑢𝑖 was the one-sided half normal error. 𝑍𝑖𝑑 was the independent variable representing the farm-specific managerial and socioeconomic characteristics to justify the technical inefficiency of cabbage farms (education, sown area, farmers’ perceptions of temperature and rainfall changes, weather information, current weather adaptation strategies such as change in resistant varieties and sowing date and locations), 𝜁𝑖 was the truncated random variable, and 𝛼0, 𝛼𝑗, 𝛿0, and 𝛿𝑑 are the parameters to be estimated. 
The full specification included the two variables representing the weather factors (average maximum temperature during the vegetative stages and average rainfall during the head formation and harvesting stages) in the production function and was given as follows:
L𝑛Y𝑖 = α0+ Σni=1 αj L𝑛Xij + Σnk=1 βkEi𝑘 + 𝑣i− 𝑢𝑖   				(2.3)
𝑢𝑖       = b𝑖+ Σn𝑙=1 θ𝑙Di𝑙+ Σn𝑑=1 δd Zid + 𝜁𝑖                                                                  		(2.4)
where 𝐸𝑖𝑘 was the variable that represented the two weather factors (temperature, rainfall), and 𝐷𝑖𝑙 was a dummy variable that depicted of farmers’ cabbage yield affected by weather during the 2024 monsoon season. All other variables were the same as those described previously. 𝛼j, βk, 𝜃𝑙 and δd were the parameters to be estimated. In the full specification of the production frontier model, seven production inputs and two weather factors were used, and nine variables representing the managerial and socioeconomic characteristics of the farm household and one variable for yield loss were organized into the technical inefficiency effect model.
3. Results and Discussion
	3.1 Summary Statistics
	 The summary descriptive statistics of dependent and independent variables used in stochastic frontier inefficiency models were provided in Table 1. 
[bookmark: _Hlk208836711]In the study areas, the cultivation of monsoon cabbage generally was from June to October. During 2024 monsoon cabbage-growing season, the temperature was highest in late July and August during the vegetative stage while the heavy rain and consequent flooding due to Typhoon Yagi occurred in September during head formation and harvesting stages. Thus, in this study, the effects of temperature at vegetative stage and the effects of rainfall at head formation and harvesting stages were taken into consideration in order to capture the contribution of weather factors on cabbage production efficiency. The recorded amount of average maximum temperature during the vegetative stage (during the late June and August) was 30.85 ºC, which showed little variation (averaging from 28.00 to 34.00). On the other hand, the average rainfall during the head formation and harvesting stages (from September to October) was 469.64 mm, with a range of 210.31 mm to 615.95 mm in the study areas, which varied significantly across the cabbage farms. 
Table 1. Summary statistics of variables in the stochastic frontier production and inefficiency 
  models (no=150)

	Variables
	Unit
	Mean
	SD
	Min
	Max

	Dependent Variables

	Yield 
	MT/ha 
	21.05
	2.40
	14.33
	25.80

	Maximum temperature at vegetative stages
	Degree Celsius
	30.85
	1.48
	28
	34

	Rainfall at head formation and harvesting stages 
	Millimetre 
	469.64
	104.12
	210.31
	615.95

	Explanatory Variables

	Urea rate
	Kilograms/ha 
	170
	93
	1
	372

	Compound rate
	Kilograms/ha 
	243
	120
	2
	496

	FYM rate
	Kilograms/ha 
	10230
	6751
	2471
	19768

	Foliar rate
	Liter/ha 
	4
	2
	1
	8

	Pesticide rate
	Liter/ha 
	7
	2
	2
	10

	Fungicide rate
	Liter/ha 
	6
	1
	2
	7

	Human labour rate
	Man-day per hectare
	132
	9
	104
	158

	Education 
	Years 
	5
	3
	1
	15

	Farm experience 
	Years 
	23
	11
	4
	50

	Cultivated area for cabbage 
	Hectare
	0.45
	0.23
	0.20
	2.02

	Farmer’s perception of temperature change
	Dummy variable (1= Perceived, 0= Not perceive)
	0.67
	0.47
	0.00
	1.00

	Farmer’s perception of rainfall change
	Dummy variable (1= Perceived, 0= Not perceive)
	0.62
	0.49
	0.00
	1.00

	Cabbage yield affected by weather factors
	Dummy variable (1= Affected, 0= Not affect)
	0.61
	0.49
	0.00
	1.00

	Weather information 
	Dummy variable (1= Access, 0= Not access)
	0.35
	0.48
	0.00
	1.00

	Change in resistant variety
	Dummy variable (1= Changed, 0= Not change)
	0.29
	0.46
	0.00
	1.00

	Change in sowing date 
	Dummy variable (1= Changed, 0= Not change)
	0.21
	0.41
	0.00
	1.00

	Location
	1= Kalaw Township, 
0= Pyindaya Township
	0.46
	0.50
	0.00
	1.00


[bookmark: _Hlk206496230][bookmark: _Hlk209581379]Cabbage production inputs such as urea rate (kg/ha), compound rate (kg/ha), farm yard manures (FYM) rate (kg/ha), foliar rate (L/ha), pesticide rate (L/ha), fungicide rate (L/ha) and human labour rate (man-days/ha) were used to measure cabbage production efficiency. The results indicated that the average yield of sample cabbage farms as the proxy variables for cabbage productivity was about 21.05 MT/ha with values ranging from 14.33 to 25.80 MT/ha. 
In terms of farm inputs, cabbage production inputs such as urea (kg/ha) was about 170 kg/ha (averaging between 1 and 372 kg/ha); compound (kg/ha) was about 243 kg/ha (averaging between 1 and 496 kg/ha); foliar fertilizer (L/ha) was about 4 L/ha (averaging between 1 and 8 L/ha), while the FYM applied about 10,230 kg/ha, with 2471 kg/ha minimum and 19768 kg/ha maximum. The mean rate of pesticide and fungicide application rates were about 7 and 6 L/ha ranged from a minimum of 2 L/ha to a maximum of 10 and 7 L/ha, respectively. Moreover, cabbage production in the study areas was highly labour-intensive, utilization an average of 132 man-days/ha, with minimum and maximum of 104 and 158 man-days/ha, respectively. The usage of human labour, consisting of family and hired labour, measured in man-days, with each man-day representing 8 hours of work. It included all farm operations such as seedling, ploughing, transplanting, weeding, fertilizer application and agrochemical spraying. 
Regarding the education level and farming experiences, farmer had average 5 years of education and 23 years of farm experience which indicated that the substantial variation existed among sample cabbage farmers. However, the proportion of sample cabbage farmers who perceived weather changes was above half which showed that 67% of farmers perceived temperature changes and 62% of farmers perceived rainfall changes. Similarly, a significant majority, 61% of farmers reported that their cabbage production was affected by weather. Only 35% of farmers had access to weather information, 29% of farmers had changed to resistant cabbage varieties, and 21% of farmers had adjusted their sowing dates. These findings revealed that the adoption of weather adaptation strategies was notably low although cabbage farmers in the study areas had the high perception of weather changes. 
3.2 Correlation between Weather Conditions and Production Inputs
	The correlation matrix had been used to examine the relationship between environmental factors and production outputs and inputs by Sherlund et al. (2002); Radman and Hasan (2008). Table 2 provided the correlations between specific weather conditions (maximum temperature at vegetative stage and rainfall at head formation and harvesting stages) and usage of various production inputs by sample farmers for cabbage production in the study areas. The strength of the correlation between weather factors (temperature and rainfall) and production inputs of urea, compound, FYM, fungicide and human labour rate was moderately and slightly strong, whereas the other variables (foliar and pesticide) had a weak but non-zero, correlation with both temperature and rainfall. The non-zero correlation between weather factors and production inputs indicated that omitting these variables lead to the potential biased estimates of production and efficiency. 
Table 2. Correlation coefficients between weather factor with production inputs
	Weather Condition
	Urea rate
	Compound rate
	FYM 
rate
	Foliar rate
	Pesticide rate
	Fungicide rate
	Human labour rate

	Temperature 
	-0.05*
	0.02**
	-0.02**
	0.11
	0.20
	0.10
	0.07*

	Rainfall 
	 0.01**
	0.17
	-0.05*
	0.14
	0.12
	0.09*
	0.17


[bookmark: _Hlk211396155]Note:  ***, **, and * indicated significance at the 1% (p<0.01), 5% (p<0.05), and 10% (p<0.10) levels, respectively. 
3.3 Stochastic Frontier Analysis and Productivity Effects of Weather Conduction
[bookmark: _Hlk206563425][bookmark: _Hlk211876878][bookmark: _Hlk211396114]Table 3 presented the maximum likelihood estimates of the parameters for two models: the short (without weather factors) and full (with weather factors) specifications by using STATA version 15. The variance inflation factor (VIF) values of all explanatory variables ranging from 1 to 4, suggesting that there was no multicollinearity with each other and meaning the results were reliable. Higher maximum temperatures during vegetative stage and increased rainfall during head formation and harvesting stages had strongly significant negative effects on the 1% and 5% levels, directly led to crop damage and reduced productivity of cabbage. 
Fertilizer-related results such as urea, compound and foliar rates had highly significant at 5% and 10% levels respectively, but negatively affected yields in both specifications, revealing that the over usage of fertilizer was linked to decreased yield of cabbage. This negative effect from fertilizer became even stronger when weather factors was considered, highlighting that over-application may be a significant factor in diminishing returns. Production inputs like FYM and fungicide rates had positive and significant effects on cabbage productivity at the 5% and 10% levels in both specifications, indicating that a higher rate of FYM and fungicide were associated with significantly increased yield of cabbage. By contrast, pesticide usage and labour input showed negative but insignificant relationship. In both specifications, FYM rate was the dominant factor influence on yield of cabbage followed by fungicide rate. This result highlighted that organic manure was beneficial for improving yield of cabbage in the study area. 
The estimated results of technical inefficiency models for both specifications were showed in the lower part of Table 3.  This result indicated that cabbage yield loss due to weather changes had positively significant at 10% level of technical inefficiency, showing that cabbage farmers who suffered yield losses due to weather changes tended to operate with higher levels of technical inefficiency. Education and farming experiences of cabbage farmers had negatively significant effect on technical inefficiency in both specifications, indicating that knowledgeable and more experience farmers were better at optimizing their cabbage production. Similarly, adaptation strategies such as changing to resistant varieties and altering the sowing dates had negatively significant effect on 5% and 10% levels of technical inefficiency in both specifications, revealing that local adaptation strategies were highly effective to improve farmers’ efficiency and cabbage production. 	Comment by Dr Ayodeji Omoare: Relatively high. 1% or 5% is are more appropriate to make a decision.
In contrast, cultivating large areas of cabbage was significantly linked to technical inefficiency at the 10% level in the full specifications, but not in the short one. This suggested that operating a larger sown area may struggle with efficiency due to likely managing weather-related challenges or a less effective allocation of resource. When considering weather changes, location showed positive but not statistically significant related with technical efficiency, implying that there was no big difference in efficiency of cabbage farmers in Pindaya and Kalaw Townships. On the other hand, when weather factors were not considered, farmers in Kalaw Township were significantly more technically inefficient (positive and statistically significant at the 5% level) than those in Pyindaya Township, implying that cabbage production in Kalaw Township appeared significantly less efficient than in Pyindaya Township.
Other factors like farmer's perception of temperature and rainfall changes and access to weather information showed negative but not significantly influence on technical efficiency, implying that farmers with less perception on weather changes and low access to weather information from different sources would have more likely to have technical inefficiency levels in their cabbage production. 
Before proceeding to the analysis of technical efficiency and its determinants, the generalized likelihood ratio tests were used. The results of these tests of hypothesis for parameters of the stochastic frontier and inefficiency effects model for cabbage farms in the study areas were presented in Table 4. The null hypothesis stated that weather factors (maximum temperature and rainfall) had no effect on cabbage productivity in the full specification model. When this hypothesis was strongly rejected, it indicated that maximum temperature and rainfall significantly affected cabbage productivity. 
Using the likelihood ratio test, the null hypothesis of no inefficiency effect was strongly rejected across both specifications. Similarly, the statistically significantly γ value of both specifications showed in Table 3 also supported the rejection of the null hypothesis. Consequently, the approximately 91% and 83% (Table 3) of the variation in cabbage yields in both specifications was attributable to technical inefficiency rather than random factors, suggesting that the majority of sample farms operated below the technically efficient production. 
Managerial factors were important for the technical efficiency of crop production, the null hypothesis of these factors was jointly insignificantly in both specifications was rejected at 5% level. This indicated that the technical efficiency of cabbage production was strongly influenced by farmers’ managerial attributes. The result of the null hypothesis of constant return to scale in cabbage production was moderately rejected at 5% level in both specifications, which suggested that the sample cabbage farmers were operating below the optimal scale. 


[bookmark: _Hlk208371966]Table 3. Maximum likelihood estimates for parameters of the Cobb-Douglas production 
  Function (n=150)
	Variables
	Without Weather Impact Variables
	With Weather Impact Variables

	
	Coefficients 
	Std. Error
	P-Value
	Coefficients 
	Std. Error
	P-Value

	Production Function 

	Constant
	    3.637***
	0.517
	7.03
	         5.534***
	0.798
	6.94

	Maximum temperature 
	-
	-
	-
	       -0.580**
	0.198
	-2.93

	Rainfall 
	-
	-
	-
	     -0.074*
	0.040
	-1.83

	Urea rate
	-0.010*
	0.005
	0.051
	      -0.010**
	0.004
	-2.28

	Compound rate
	-0.016*
	0.009
	0.088
	     -0.014*
	0.009
	-1.62

	FYM rate
	 0.015*
	0.008
	0.061
	        0.017**
	0.009
	1.97

	Foliar rate
	-0.024*
	0.012
	0.051
	     -0.018*
	0.012
	-1.50

	Pesticide rate
	     -0.038
	0.027
	0.159
	   -0.037
	0.027
	-1.37

	Fungicide rate
	 0.056*
	0.036
	0.106
	         0.055*
	0.035
	1.56

	Human labour rate
	-0.090
	0.105
	0.391
	     0.013
	0.113
	0.11

	Variance Parameter

	σ2 = σ2u + σ2v
	  0.013
	0.003
	-21.22
	     0.011
	0.002
	-21.3

	γ = σ2u/ (σ2u+ σ2v)
	  0.914
	0.062
	2.99
	     0.833
	0.157
	1.420

	Log Likelihood Function
	       146.145
	
	
	153.159
	
	

	Technical Inefficiency Effects Function

	Constant
	0.499***
	0.129
	3.87
	     0.566***
	0.130
	4.35

	Cabbage yield affected by weather factors
	-
	-
	-
	   0.046*
	0.027
	1.70

	Education
	-0.049*
	0.028
	-1.72
	  -0.054*
	0.028
	-1.94

	Farming experience
	-0.048*
	0.025
	-1.94
	   -0.050**
	0.024
	-2.13

	Cabbage sown area
	0.043
	0.033
	 1.30
	   0.062*
	0.034
	1.80

	Farmer’s perception of temperature change
	   -0.014
	0.039
	-0.35
	 -0.025
	0.040
	-0.61

	Farmer’s perception of rainfall change
	-0.045
	0.042
	0.286
	-0.029
	0.044
	-0.65

	Weather information
	-0.051
	0.069
	0.455
	-0.073
	0.068
	-1.06

	Change in resistant variety
	  -0.107**
	0.040
	0.007
	  -0.100**
	0.042
	-2.38

	Change in sowing date
	  -0.130**
	0.059
	0.027
	 -0.153*
	0.101
	-1.51

	Location
	   0.071**
	0.033
	0.032
	 0.032
	0.039
	0.81


[bookmark: _Hlk209581392] Note: ***, ** and * indicated significance level at 1% (p < 0.01), 5% (p < 0.05) and 10% (p < 0.10) respectively.
Table 4. Test of hypothesis of likelihood ratio test
	[bookmark: _Hlk209329060]Hypothesis
	Critical Value of  
(d.f., 0.99)
	Without weather variables
	With weather variables

	
	
	LR statistic
	Decision
	LR statistic
	Decision

	No effect of weather variable in productivity H0: β1 = β2= … = β4 = 0
	11.35
	-
	-
	14.03***
	Reject 

	Presence of inefficiency H0: γ = 0
	6.64
	 64.36***
	Reject 
	72.58***
	Reject 

	No effect of managerial variables on inefficiency H0: α1 = α2= … = α9 = 0
	23.21
	20.41**
	Reject 
	18.42**
	Reject 

	Constant returns to scale in production H0: δ1 + δ2 + … + δ5 = 1
	18.48
	16.92**
	Reject 
	15.23**
	Reject 


Note: *** and ** indicated significance level at 1% (p < 0.01) and 5% (p < 0.05).
[bookmark: _Hlk209581405]3.4 Frequency Distribution of Cabbage Technical Efficiency in the Study Areas under 
      Considerations of With and Without Weather Factors
The frequency distribution of technical efficiency scores of cabbage farmers and the descriptive statistics of the technical efficiency levels for both specifications were described in Figure 2 and Table 5. Incorporating the effect of temperature and rainfall, the mean and maximum technical efficiency levels were nearly identical in both specifications. The mean technical efficiency with weather factors, 86.4% had a slightly higher compared to technical efficiency without weather factors, 85.1%. This indicated that technical efficiency of cabbage production improved slightly after considering weather conditions. The maximum technical efficiency had nearly the same in both specifications. However, the minimum technical efficiency score with and without weather conditions were 63.4% and 58.2%, respectively, indicating a 5.2% improvement when weather factors were considered (Figure 2 and Table 5). 
Figure 2. Technical efficiency scores of cabbage farms with and without weather factors 
[bookmark: _Hlk209581415][bookmark: _Hlk211396180]In the full specification (with weather factors), only 8% of farmers fall below the 75% efficiency level, compared to 11% under the short specification (without weather factors). This implied that 92% of sample farmers in the full specification (with weather factors) operated at the highest efficiency range (0.80–1.00), whereas only 89% reached this level under the short specification (without weather factors). In addition, the estimated mean technical efficiency in cabbage production was 86.4% in the full specification (with weather factors), indicating that productivity can be improved by 15.74% [{(0.864 − 1)/0.864} × 100] with full efficiency improvement under existing level of inputs and technology. This result was consistent with those of previous studies on technical efficiency under the control of environmental variables (Sherlund et al., 2002; Rahman & Hasan, 2008; Mar et al., 2018; Sabai Aye et al., 2022). 
Table 5. Technical efficiency estimates with and without weather (temperature and rainfall) 
  effects
	Items
	Without weather variables
	With weather variables

	Mean
	0.851
	0.864

	Standard deviation
	0.086
	0.081

	Min
	0.582
	0.634

	Max
	0.985
	0.986


[bookmark: _Hlk212002042]4. Conclusion and Policy Implications 
[bookmark: _Hlk211912458]This study was carried out to understand the impact of weather factors on current production performance of cabbage farmers in the Southern Shan State. The weather factors, with the cabbage farmers operated, like temperature and rainfall were crucial determinants of production performance, but were frequently arbitrary exclusion of production and efficiency studies, resulting in biased estimates of the production parameters, efficiency scores and the determinants of technical inefficiency. The current technical efficiency levels of cabbage farmers in the study areas indicated that there was still an opportunity to increase cabbage output level with the existing of input usage and technology.  However, weather variability beyond human control, such as higher temperature and increased rainfall would reduce yield and technical efficiency in cabbage production. The findings of this study showed that controlling weather factors could allow for improvement of technical efficiency and precisely estimate the sources of technical inefficiency of cabbage farming in the study areas. 
The maximum likelihood estimates of the stochastic frontier for production function indicated that use of fertilizer such as urea, compound, and foliar was significant factor for decreasing cabbage productivity, even stronger under adverse weather conditions, indicating that over-application of fertilizer was a major factor in diminishing returns. The negative effect of excessive fertilizer application on yields observed in this study was also consistent with findings by Rahman and Hasan (2014) in Bangladesh, who reported that overuse of chemical inputs in vegetable cultivation resulted in declining returns and environmental stress. Conversely, FYM and fungicide application were the significant positive divers of cabbage productivity, underscoring the vital role of organic manure in enhancing soil health and proper disease control. This result was in line with the findings of Hossain et al. (2021), which highlighted the benefits of organic amendments for sustaining soil fertility and mitigating climatic risks. Therefore, farmers should be encouraged to continue using organic fertilizer like FYM and facilitated customized nutrient management plans to prevent over-application and boost Nutrient Use Efficiency (NUE)). Furthermore, technical trainings related with integrated fertilizer management focusing on efficient input use through incorporating organic matter should be facilitated. Addressing this required a dual approach strategy let by the government in collaboration with private fertilizer companies.
[bookmark: _GoBack]The impact of farmers’ managerial practices on technical efficiency revealed that education, farming experience, and adaptation strategies (changing in resistant varieties and sowing dates) relating with the weather changes significantly improved production efficiency, indicating a critical role of human capital in cabbage yields. Coelli and Battese (1996) and Villano and Fleming (2006) pointed that human capital enhanced farmers’ ability to make efficient production decisions. And also, Aung et al. (2020) and Singh et al. (2017) found that low-cost, locally adapted strategies significantly improved resilience and efficiency in vegetable farming systems in Myanmar and neighbouring countries. Farmers’ education and farming experience were crucially important based on the results of the inefficiency models. Farmers with high education levels and more farming experiences may adopt advanced agricultural technologies and innovation and can easily learn efficient farming practices through extension and training services from different organizations. Changing resistant varieties and sowing dates can reduce yield losses in cabbage due to higher temperature and increased rainfall which would improve technical efficiency of cabbage production. 
In the study areas, farmers needed to be perceived weather changes and understand the appropriate weather adaptation strategies to increase the efficiency of cabbage production. Low level of farmers’ perception on temperature and rainfall changes as well as limited access to weather information would affect production efficiency of cabbage. Strengthening farmers’ perception and access to weather information would help farmers to reduce weather related risks and to utilize more specific weather adaptation strategies. Farmers who were highly perceived of weather variability and greater access to timely and accurate weather information can improve technical efficiency and crop productively more easily.  Therefore, policy makers and stakeholders should invest in climate services development which would enhance farmers’ understanding of weather variability and upscale the use of weather adaptation strategies. 
Overall findings of this study would contribute the development of cabbage production by controlling the weather factors and help to provide the better weather adaption strategies. Moreover, the findings of this study would also provide important information for planning and applying more effective polices to build sustainable development in vegetable farming particularly for cabbage under the control the adverse effects of weather factors. 
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