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Abstract
[bookmark: _Hlk206442947]Cabbage farmers in Southern Shan State face significant crop risk due to its susceptibility to changing weather patterns (temperature and rainfall) which threaten both their crops and the national vegetable supply. This context enforced cabbage farmers to adopt the strategies in order to adapt with weather variation. Adaptation with changing weather patterns, farmers chose to implement several strategies simultaneously rather than depending on just one. This study was purposed to determine the influencing factors on adaptation strategies of cabbage farmers; S1_cultural practices, S2_cropping system management, and S3_livelihood diversification against weather variability in Southern Shan State of Myanmar. During October-December 2024, total 150 cabbage farmers in Pindaya and Kalaw townships were individually interviewed using purposive and simple random sampling methods. Applying a multivariate probit model (MVP), the results clearly showed a distinct profile of determinants on adaptation strategies of adopters and non-adopters. Several factors positively influenced the cabbage farmers’ adoption of S1_cultural practices, including higher education, more farming experience, better access to extension services, flood risk perception and positive profitability assessments (BCR), while the size of cabbage cultivation areas was negatively associated with adoption. Similarly, cabbage farmers who had more external support from extension services, higher perception of floods and profitability of cabbage farming had more probability to adopt S2_cropping system management. Farmers who had older ages, less farming experiences and their cabbage production was affected by temperature were more likely to adopt S3_livelihood diversification to pursue alternative income sources, perhaps due to risk aversion or resource constraints. Therefore, strengthening extension services and raising climate risk awareness programs by holding workshops and trainings, initiating the nationwide public educational programs such as vocational and farmers field schools, integrating localized weather information and early warning systems should be provided for cabbage farmers. It is also essential for creating effective interventions that enhance agricultural resilience against weather changes in the study areas. 	Comment by FUNMI ENVY: Shouldn’t is be an hyphen (-) instead	Comment by FUNMI ENVY: ??
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1. 
2. Introduction
Myanmar faced an extremely high risk from natural disasters, ranked 17th out of 191 countries by the 2022 Inform Risk Index (Disaster Risk Management Knowledge Centre [DRMKC], 2022). Global Climate Risk Index of Myanmar also indicated the 2nd highest index among countries most affected by extreme weather events over the last two decades (Germanwatch, 2019). The economic consequences were severe, with natural disasters estimated to cost up to 3% of country's annual Gross Domestic Product (GDP), and their long-term impacts potentially even greater (Myanmar Information Management Unit [MIMU], 2022). Country’s vulnerability to climate change and extreme weather events stems from a combination of factors, including its low level of social development, inadequate infrastructure, and a significant reliance on a natural resource-based economy (Yi, 2004; UNDP, 2007; UNCT, 2011; WFP, 2013). 	Comment by FUNMI ENVY: Font style should be consistent throughout the entire body of the work
Myanmar's diverse topography, climates, and soil types support the cultivation of a wide range of crop categories, including various cereals, oilseeds, pulses, industrial crops, culinary crops, and fruits and vegetables. Among them, vegetables play a crucial role in enhancing nutritional security and offering significant economic benefits to smallholder farmers through increased income and job creation per hectare, as compared to those of staple crops. However, vegetable sector faces substantial vulnerability to adverse weather conditions, with high temperatures and heavy rainfall severely impacting yields, a challenge projected to worsen due to climate change. Total vegetable cultivation in Myanmar took 612,838 hectares in 2022-2023, in which cabbage (belongs to the Brassica genus) accounted for the third-largest sown area after tomato and mustard (Department of Agriculture [DOA], 2023). 
Cabbage is an essential part of the Myanmar diet, consumed fresh or cooked, and is highly valued for its adaptability to various climates and soil types, contributing to its high production and consumption. Shan State, one of the largest cabbages growing regions in Myanmar allows year-round cultivation of cabbage and its total area of cabbage 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%). Moreover, cabbage can also be grown in lowlands particularly during winter, making it economically attractive for farmers (DOA, 2023). The widespread cultivation of cabbage is increasingly threatened by environmental stresses, which are growing more intensified with global climate change.
[bookmark: _Hlk205263063]Farming communities in Myanmar are facing increasing unpredictability in weather patterns and cabbage farming in Shan State is also no exception to avoid. Cabbage farming in Southern Shan State plays a crucial role in Myanmar's vegetable market; however, farmers face risks due to being highly susceptible to changes in temperature and rainfall. Changes in temperature, rainfall patterns, and the occurrence of extreme weather events disrupt cabbage growth, yield, and quality, creating significant challenges for sustainable production and farmers' livelihoods. These situations impose cabbage farmers in adoption of the effective strategies to adapt with weather variation. 	Comment by FUNMI ENVY: “...impose on cabbage farmers the adoption…”
If the weather factors negatively impact cabbage yields, local cabbage farmers could suffer significant losses in their production. The adaptation strategies highly depend on an understanding of the farmers’ awareness and perception of weather variation to reduce their vulnerability and increase resilience. Farmers’ choice of adaptation strategies was determined by a combination of different socioeconomic, institutional, and weather factors (Hassan and Nhemachena, 2008; Yesuf et al., 2008; Deressa et al., 2009; Bryan et al., 2013; Tessema et al., 2013; Shongwe et al., 2014). Understanding the determinants influencing the uptake of these strategies in cabbage production is crucial for promoting resilient agricultural practices. Thus, this paper was aimed to determine the influencing factors on adaptation strategies of cabbage farmers against the weather variability in Southern Shan State of Myanmar. 






2. 	Methodology 
2.1 Study area and data collection
[bookmark: _Hlk205318629]Pindaya, and Kalaw Townships in Southern Shan State were selected as 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 farmers in two designated townships, with 75 farmers from each township was individually interviewed with a set of structured questionnaires based on their cabbage farming in 2024 monsoon season. 
Demographic characteristics (age, gender, education level, marital status, and family size); farm characteristics (farm size, farming experience, cabbage’s sown area, inputs used, yield, market prices of inputs and output); institutional factors (access to extension services, credit, market information, trainings), farmers’ awareness and perception of weather changes on cabbage farming and the affected situation of temperature and rainfall on cabbage production were gathered. Cabbage farmers were also interviewed their existing adaptation strategies namely (1) cultural practices {(i) adjustment of planting and harvesting date, (ii) used of alternative varieties, changes in amounts of (iii) seed rate, (iv) pesticide, (v) fertilizer, (vi) fungicide, (vii) used of irrigation methods, (viii) plastic house technology/mulching and (ix) shading technology}, (2) cropping system management practices {(i) changes into other crops, (ii) alteration of cabbage’s sown area, (iii) lease out their own areas} and (3) livelihood diversification, i.e. non-farm activities along with cabbage farming. 
[bookmark: _Hlk202585352]2.2 Methods of analysis 
In order to adapt with changing weather patterns, farmers chose to implement several strategies simultaneously instead of relying on a single approach. Under consideration of changes in temperature and rainfall, cabbage farmers in study areas were identified into farmers with three adaptation strategies, namely S1_cultural practices, S2_cropping system management, and S3_livelihood diversification). In this study, cabbage farmers who used at least 2 of the cultural practices were identified as farmers who adopted cultural practices strategy (S1); farmers who used at least one of the crop management practices were identified as farmers who adopted cropping system management adaptation strategy (S2); and farmers who had any non-farm activities along with cabbage farming were identified as farmers who adopted livelihood diversification strategy (S3). 
Analysing the important determinants of various adaptation strategies helps to provide specific information on which factors to target and how, so as to encourage farmers to increase their use of specific adaptation options (Yegbemey, 2014). In this study, the determinants of three adaptation strategies against weather variability in cabbage farming have been investigated by applying multivariate probit model (MVP). The model simultaneously determined the influence of the set of explanatory variables on each of three adaptation strategies, while allowing the unobserved factors (error terms) to be freely correlated. Specifically, this model allowed to point out the probability of farmers adopting a particular adaptation strategy, given that they have already adopted other strategies. The dependent variable was 1 and 0, which indicated that “1” was for those farmers who adopted each of the three adaptation strategies and “0” was for those farmers who did not adopt those adaptation strategies. Therefore, the following equations became:
    S1 = α1 + Σ1  β 1i Zij  + µ1i
    S2 = α2 + Σ2  β 2i Zij  + µ2i
    S3 = α3 + Σ3  β 3i Zij  + µ3i
In this model, αi was the constant term, βi was the coefficient of Zj, and µi was the error term. The parameters α and β were estimated using multivariate probit model, by the method of simulated maximum likelihood (SML) (Cappellari & Jenkins, 2003). The term Zij denoted the explanatory variables including socioeconomic and farm characteristics, institutional and weather factors, farmers’ awareness index, and perception of changes in temperature and rainfall as independent variables. 
3. Results and Discussion 
3.1 Descriptive statistics of variables used in multivariate probit model 
[bookmark: _Hlk203218576]The description of dependent variables was illustrated in Table 1 and sample cabbage farmers were categorized into adopters (those who adopted the strategies) and “non-adopters” (those who did not) for each of three adaptation strategies namely S1_cultural practices, S2_cropping system management, and S3_livelihood diversification. As illustrated in Table 1, among the 150 sample cabbage farmers, 51 (34%), 69 (46%) and 63 (42%) of sample farmers engaged in S1_cultural practices, S2_cropping system management and S3_livelihood diversification respectively. The remaining 99 (66%), 81 (54%) and 87 (58%) of sample farmers did not engage in any of three adaptation strategies.  
The adoption of three adaptation strategies namely S1_cultural practices, S2_cropping system management, and S3_livelihood diversification by sample cabbage farmers was associated with a combination of demographic characteristics, farm characteristics, institutional factors and weather factors. Descriptive statistics of these explanatory variables used in multivariate probit model was presented in Table 2. 

Table 1. Description of dependent variables 
	Variables
	Description of the variable
	Adopters
	Non-Adopters

	
	
	Freq.
	%
	Freq.
	%

	S1_cultural practices
	1= Farmers who adopted at least 2 of nine specified cultural practices, 0= otherwise
	51
	34
	99
	66

	S2_cropping system management
	1= Farmers who adopted at least 1 of three specified cropping system management practices, 0= otherwise
	69
	46
	81
	54

	S3_livelihood diversification
	1= Farmers who working any non-farm activities along with cabbage farming, 0= otherwise
	63
	42
	87
	58



Average age of sample farmers who adopted each out of three adaptation strategies were above 45 years old respectively while those of non-adopters across all three adaptation strategies were less than 45 years old respectively.  Similarly, cabbage farming experiences of adopters were above 25 years whilst those of non-adopters were around 20 years respectively.  This suggested that older farmers, or those who had more farming experiences played a crucial role in the willingness or ability to adopt the adaptation strategies. Sample cabbage farmers had average 5 years of schooling years or education, which were more or less similar between adopters and non- adopters across all three adaptation strategies. It implied that the complexity of these specific practices may not heavily rely on formal education, or that other forms of knowledge transfer (like extension services) were more critical in this context. 
Sown areas of cabbage were quite similar between adopters and non-adopters for all three adaptation strategies (averaging between 0.44 and 0.49 hectares respectively), with minimal differences but no consistent pattern indicating that adopters have notably larger or smaller areas. The data implied that the size of a farmers’ land, as measured by sown area, is not a primary determinant in whether they adopt these particular practices, suggesting that these practices could be used by farmers with both small and large land areas to implement. The benefit-cost ratio (BCR) of per hectare cabbage farming by sample farmers were above 3.00 in average. The values of BCR for adopters consistently demonstrated higher values (3.57 for S1_cultural practices adopters, 3.56 for S2_cropping system management adopters, and 3.35 for S3_livelihood diversification adopters) compared to those of non-adopters respectively across three adaptation strategies. This indicated that the adopters of adaptation practices were generally more profitable or efficient than the non-adopted ones. 
[bookmark: _Hlk203831950]High proportions of adopters which were about 68%, 61%, and 48% of adopters across all three adaptation strategies got access to extension services respectively while the remaining smaller percentages of adopters did not get access to extension services. In contrast, smaller percentages of non-adopters which were about 30%, 26%, and 38% of non-adopters of three adaptation strategies had access to extension service and the rest of non-adopters in each of three adaptation strategies did not get access to extension services. Most of adopters received the extension services from agro-chemical companies through meetings and workshops related with the types of chemical usage and prevention of pests and diseases. These findings highlighted that agricultural extension services were essential for bridging the knowledge gap and facilitating the adoption of improved farming practices. There was a strong correlation that greater access to agricultural extension services was closely linked to higher adoption rates of advanced and the uptake of beneficial agricultural innovations.
 Regarding with access to agricultural trainings, the result indicated that both adopters and non-adopters had limited accesses to agricultural trainings, but the trend generally indicated that adopters had more access than non-adopters, particularly for cropping system management and livelihood diversification. The slightly higher access among adopters suggested that training may have some influence but was not the primary driver.
Sample farmers replied that their perception on temperature and flood which may influence their adoption of adaptation strategies in cabbage farming against weather variability. Adopters across all three adaptation strategies had much stronger perception on temperature changes and happening floods compared to non-adopters. A much higher percentage, about 90% of adopters in S1_cultural practices, 91% of adopters in S2_cropping system management and 79% of adopters in S3_livelihood diversification perceived temperature changes in the study areas. Similarly, the result indicated that higher percentage, about 94% of adopters in S1_cultural practices, 93% of adopters in S2_cropping system management and 81% of adopter in S3_livelihood diversification perceived floods in their areas. These findings strongly suggested that farmers' perception of changing temperature and flood was a significant driver in driving adoption of these agricultural practices that consequently help them mitigate or adapt to these challenges.
		The findings showed that adopters were more likely to be affected by temperature variability in cabbage farming, especially for those adopters in S1_cultural practices and S2_cropping system management. About 61% each of adopters in S1_cultural practices and S2_cropping system management respectively and about 46% of adopters in S3_livelihood diversification reported that their cabbage farming was affected by temperature. Similarly, the results indicated that cabbage farming of adopters across three adaption strategies were more likely to be affected by rainfall changes. About 82% of adopters in S1_cultural practices, 81% of adopters in S2_cropping system management and 71% of adopter in S3_livelihood diversification indicated that their cabbage farming was affected by rainfall. This finding showed that adopters were more likely to be directly impacted by temperature and rainfall variability, especially in cultural practices and cropping system management. 
3.2 Determinants of three adaptation strategies against weather variability   
[bookmark: _Hlk205894808]The coefficients from the MVP model, as shown in Table 3, indicated the direction and statistical significance of the relationships between the demographic (age, education) and farm (farming experiences, sowing area) characteristics, institutional (access to extension services and agricultural trainings) and weather (perception of and affected by temperature and rainfall) factors, the benefit- cost ratio and the underlying latent propensity for each dependent variable (i.e. each of three adaptation strategies). Before running the model, all the explanatory variables were checked for multicollinearity using the variance inflation factor (VIF). This was less than 10 (ranges between 1.09 and 3.86), which mean that multicollinearity was not a serious problem in the model estimation. 
The overall model fit was highly significant, as indicated by the Wald chi2(39) statistic of 90.25 with a p-value of 0.00, indicating that the explanatory variables collectively explain a substantial amount of the variation in the dependent variables. After 9 iterations, the model achieved convergence with a final log-likelihood of -179.59. Moreover, the likelihood ratio test indicated that at least one covariance of the error terms is statistically significant, implying that the equations in the model are connected. This showed the goodness of the fit of the model and hence its overall relevance.
The education (β = 0.12, p = 0.04) and farming experiences (β = 0.04, p = 0.08) of sample cabbage farmers positively and statistically associated with the adoption of S1_cultural practices, suggesting that farmers’ education and farming experiences increased the likelihood to adopt new cultural practices. Conversely, the sown area of cabbage was statistically significant (p = 0.06), but negative association (β = -1.18) with the adoption of S1_cultural practices, indicating that farmers who had larger sown areas of cabbage were less likely to adopt new cultural practices. Access to extension services (β = 0.85, p = 0.01) and farmers’ perception of flood (β = 0.99, p = 0.05) were highly statistically significant and positively correlated with the adoption of S1_cultural practices, revealing that farmers who accessed to extension services and perceive flood as a risk were more likely to adopt cultural practices. Moreover, there was a strong positive relationship and highly statistically significant between the benefit-cost ratio (β = 1.15, p = 0.00) and adoption of S1_cultural practices. This result indicated that farmers who earned high benefit-cost ratio from per hectare production of cabbage strongly engaged to adopt S1_cultural practices due to their economic viability from cabbage farming. Other variables such as farmers’ age, access to agricultural training, farmers’ perception of temperature changes, cabbage farming affected by temperature and rainfall were not statistically significant with farmers’ adoption of S1_cultural practices. 
With respect to the adoption of S2_cropping system management, farmers’ access to extension services (β = 0.71, p = 0.01) showed significant and positive association with the adoption of S2 strategy, indicating that farmers who accessed to extension services were more likely to adopt S2_cropping system management practices. Farmers’ perception of flood (β = 1.16, p = 0.02) showed a significant positive effect, revealing that farmers who perceived flood risk in cabbage farming had more tendency for the adoption of S2_cropping system management. Benefit-cost ratio (β = 1.26, p = 0.00) showed positively and highly statistically significant with the adoption of S2_adaption strategy, revealing that more economically viable farmers from cabbage farming were more likely to adopt the adaption strategy, S2.   However, several factors (age, education, and farming experience, access to agricultural trainings, perception of temperature, affected by temperature and rainfall) did not show any significant influence on the adoption of adaptation strategy, S2. 
The average age of sample farmers (β = 0.08, p = 0.00) showed highly significant and positive association with the adoption of S3_livelihood diversification, suggesting that older farmers were more likely to engage in this strategy. Conversely, the coefficient of farming experiences (β = -0.05, p = 0.02) showed farmers who had more cabbage farming experiences tended to be less likely to adopt other livelihood diversification activities. In addition, temperature affected on cabbage production (β = -0.54, p = 0.05) showed statistically significant and negatively associated with the adoption of adaptation strategy, S3 indicating that though cabbage farming of sample farmers were affected by temperature, those farmers were less likely to diversify their livelihoods. Other factors like education, sown area, access to extension services and trainings, and benefit-cost ratio did not significantly affect the adoption of S3_livelihood diversification. 
The parameters (rho values) indicated the correlation between the error terms of the three different equations in MPV model. They were crucial for understanding if the decisions captured by S1, S2, and S3 were jointly determined or independent. Correlations between the error terms of S1 and S2 as rho21, correlations between the error terms of S3 and S1 as rho31, and those between the error terms of S3 and S2 as rho32 were estimated, respectively. The correlation between S1 and S2 (rho21 = 0.89, p = 0.00) had a highly significant and very close to 1, indicating that unobserved factors affecting sample farmers’ adoption of S1_cultural practices were strongly and positively correlated with unobserved factors which were affecting the adoption of S2_cropping system management. This indicated that if a farmer was more likely to engage in S1 consistently, they were also very likely to adopt S2. Moreover, the correlations between S1 and S3 (rho31 = - 0.136, p = 0.34) and between S2 and S3 (rho32 = - 0.022, p = 0.88) were very close to zero but not statistically significant. This implied that there was no significant correlation between the unobserved factors influencing to adopt S3 with S1 and S2. 


[bookmark: _Hlk206448600]Variable
Cultural Practices
Cropping System Management
Livelihood Diversification

Adopters (51)
Non-adopters (99)
Adopters (69)
Non-adopters (81)
Adopters (63)
Non-adopters (87)

Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
Age (Years)
46 (10.49)
43(12.55)
47 (11.37)
41 (11.73)
48 (11.89)
41 (11.12)
[bookmark: _Hlk203710844]Education (Years)
5.50 (2.81)
5.10 (2.67)
5.22(2.64)
5.25 (2.805)
5.33 (3.25)
5.16 (2.27)
Farming experience (Years)
26 (11.13)
21 (10.79)
26 (11.29)
20 (10.15) 
25 (11.13)
21 (10.90)
Sown area of cabbage (ha)
0.44 (0.20)
0.46 (0.25)
0.46 (0.24)
0.45 (0.24)
0.49 (0.31)
0.42 (0.16)
Benefit-cost Ratio
3.57 (0.53)
3.14 (0.46)
3.56 (0 .53)
3.07 (0.411)
3.35 (0.53)   
3.25 (0.52)  

Freq. (%)
Freq. (%)
Freq. (%)
Freq. (%)
Freq. (%)
Freq. (%)
Access to Extension Services (1= Access to extension services, 0= Not-access to extension services)
Access to extension services
34 (67.67)      
29 (29.29)
42 (60.87)
21(25.93)
30 (47.62)
33 (38.00)
Not-access to extension services
17 (33.33)
70 (70.71)  
27 (39.13)
60 (74.07)
33 (52.38)
54 (62.00)  
[bookmark: _Hlk206447477]Access to Agricultural Trainings (1= Access to agricultural trainings, 0= Not-Access to agricultural trainings)
Access to agricultural trainings
9 (17.65)
   6 (6.06)
10 (14.49)
  5 (6.17)
9 (14.29)
6 (6.90)
Not-access to agricultural trainings
42 (82.35)
93 (93.95)
59 (85.51) 
  76 (93.83)
54 (85.71)
81 (93.10)
Farmers’ Perception of Temperature (1= Perceived of temperature, 0= Non-perceived of temperature)

Perceived of temperature
46 (90.20)
55 (55.56)
63 (91.30)
38 (46.91)
50 (79.37)
51 (58.62)
Non-perceived of temperature
5 (9.80)
44 (44.44)
6 (8.70)
43 (53.09)
13 (20.63)
36 (41.38)
Perception of Flood (1= Perceived of flood, 0= Non-perceived of flood)
Perceived of flood 
48 (94.12)
56 (57.00)
  64 (93.00)
40 (49.38)  
51 (80.95)
53 (60.92)
Non-perceived of flood
3 (5.88)
43 (43.43)
5 (7.25)
41 (50.62)   
12 (19.05)  
  34 (39.08)
Temperature Affected (1= Affected by temperature, 0= Not-affected by temperature)
Affected by temperature 
31 (60.78)  
33 (33.33
42 (60.87)
22 (27.16)  
29 (46.03)
35 (40.23)  
Not-affected by temperature
20 (39.22) 
66 (66.67)
27 (39.13)
59 (72.84)  
34 (53.97)
52 (59.77)
Rainfall Affected (1= Affected by rainfall, 0= Not-affected by rainfall)
Affected by Rainfall  
42 (82.35)
49 (49.49)
56 (81.16)
35 (43.21)
45 (71.43)  
  46 (52.87)
Not-Affected by Rainfall  
9 (17.65)
50 (50.51)     
13 (18.84)
46 (56.79)
18 (28.57) 
  41 (47.13)

Table 2. Analysis of explanatory variables between adopters and non-adopters on three adaptation strategies (n = 150)


[bookmark: _Hlk204058198]Note: *,**, *** significant at 10% (P < 0.10), 5% (P < 0.05), and 1% (P < 0.01)
           VIF = variance inflation factor


Variables
Cultural Practices
Cropping System Management
Livelihood Diversification
VIF

Coefficient
Std. Err
P>z
Coefficient
Std. Err
P>z
Coefficient
Std. Err
P>z

Age (Years)
-0.01
0.02
   0.79
0.02
0.02
0.45
0.08
0.02
  0.00***
3.72
Education (Years)
0.12
0.06
0.04**
0.04
0.06
0.50
0.06
0.05
0.23
1.24
Farming experience (Years)
0.04
0.02
0.08*
0.02
0.03
0.39
-0.05
0.02
  0.02**
3.86
Sown area (ha)
-1.18
0.63
0.06*
-0.80
0.51
0.12
0.15
0.53
0.78
1.20
Access to extension services (1/0)
0.85
0.30
   0.01***
0.71
0.29
  0.01**
-0.02
0.27
0.94
1.47
Access to agricultural trainings (1/0)
0.41
0.43
0.34
0.26
0.49
0.60
0.53
0.42
0.20
1.25  
Perception of temperature (1/0)
0.22
0.49
0.66
0.68
0.52
0.19
0.36
0.44
0.42
3.27
Perception of flood (1/0)
0.99
-0.50
0.05*
1.16
0.48
  0.02**
0.54
0.45
0.22
3.21
Temperature affected (1/0)
0.09
0.29
0.77
-0.12
0.29
0.68
-0.54
0.27
 0.05*
1.51  
Rainfall affected (1/0)
0.48
0.33
0.14
0.41
0.31
0.19
0.23
0.28
0.42
1.61
Benefit-Cost ratio 
1.15
0.28
   0.00***
1.26
0.31
   0.00***
0.00
0.21
0.99
1.09
Constant 
-6.89
1.35
0.00
-7.26
1.38
0.00
-3.55
0.90
0.00

Model Summary






rho
Coefficient
P>z

Wald chi2(39)


90.25



rho21
0.89
0.00

Log likelihood


-179.59   



rho31
-0.14
0.35

Prob > chi2


0.00



rho32
-0.02
0.88


Table 3. Determinants of adaptation strategies against weather variability in cabbage farming of sample cabbage farmers (n = 150) 

4. Conclusion and recommendations
[bookmark: _Hlk205349171]This study revealed that the factors influencing adoption of cultural practices, cropping system management and livelihood diversification among cabbage farmers was largely driven by a combination of demographic, farming, institutional, and weather factors. 
According to the results, adopters of three adaptation strategies were consistently distinguished by higher economic returns (benefit-cost ratio), better access to extension services, and heightened perception of and direct impact from weather changes like rising temperature and floods compared to non-adopters. Farmers who recognized rising temperatures and floods indicated greater willingness to implement adaptation strategies because those were affected by rainfall variability. Adopters of these strategies consistently tend to be older and more experienced in cabbage farming than non-adopters, suggesting that hands-on knowledge was as key drivers of adopting new agricultural practices. Access to agricultural trainings remained limited for both groups, while slightly higher among adopters, meaning it was not a major factor influencing their decisions. Education and the size of cabbage sown areas seemed indifferences between adopters and non-adopters for these specific adaptation strategies.
[bookmark: _Hlk206526334]The analysis using the MVP model confirmed these distinctions. The model fitness was excellent, confirming the strong collective influence of the examined variables. For S1_cultural practices, higher education levels, farming experience, access to extension services, flood risk perception and economic viability measured by the benefit-cost ratio (BCR) played the strongest positive effect to drive adoption while cabbage sown areas showed negative association with adoption of S1. Adoption of S2_cropping system management by sample farmers was heavily depended more on external support (i.e. extension services), perception of floods and profitability of cabbage farming than depending on individual farmer characteristics. Meanwhile, S3_livelihood diversification followed a different pattern: older farmers who may be less experienced in cabbage farming and less affected by temperature in cabbage were more willing or able to explore alternative income streams perhaps due to risk aversion or resource availability. 
The findings underscored the need for institutional support, enhanced weather-related education, and economic motivation in encouraging farmers to adapt. Therefore, to promote agricultural adoption, policymakers should focus on providing the strengthening extension services and raising climate risk awareness programs through the workshops and trainings by collaborating with the private institutions. Moreover, nationwide public educational programs such as vocational and farmers field schools should be initiative for upgrading the farmers’ education and knowledge level. And then, it was also important to provide the integrating localized weather risk information and early warning systems to build more resilient farming practices among cabbage farmers in the study areas. Recognizing these distinctions is crucial for designing effective strategies that enhance agricultural resilience under weather changes.
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