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Table 3: Summary statistics of the variables

Farm-size dummy

Large-size farm Medium-size farm Small-size farm Overall
(N = 261) (N = 394) (N = 144) (N = 799

Dependent variables

Adaptation number (AdaptNum)
Mean (Median) a 8.41 (9.00) 7.09 (7.00) 5.98 (7.00) 7.32 (8.00)

SD b 2.61 2.53 2.59 2.71
Min 2.00 0.00 0.00 0.00
Max 18.00 16.00 10.00 18.00

Adaptation index (AdaptInd)
Mean (Median)a 4.62 (4.97) 4.18 (4.01) 3.60 (3.80) 4.22 (4.40)

SDb 1.66 1.87 1.99 1.86
Min 0.17 0.20 0.00 0.00
Max 9.87 9.5 9.09 9.87

Independent variables

Cognitive variables
Climatic perception index (CPInd)

Mean (Median) 8.42 (9.00) 8.36 (9.00) 7.79 (8.00) 8.28 (9.00)
SD 1.89 2.05 2.19 2.04
Min 0.00 0.00 0.00 0.00
Max 10.00 10.00 10.00 10.00

Farming experience
Mean (Median) 4.21 (5.00) 4.04 (5.00) 3.89 (5.00) 4.06 (5.00)

SD 1.07 1.23 1.27 1.19
Min 1.00 1.00 1.00 1.00
Max 5.00 5.00 5.00 5.00

Information access
Mean (Median) 6.35 (6.00) 4.24 (4.00) 3.83 (3.00) 4.86 (4.00)

SD 2.94 2.67 2.79 2.97
Min 0.00 0.00 0.00 0.00
Max 17.00 15.00 12.00 17.00

Education
Mean (Median) 3.10 (3.00) 2.91 (3.00) 3.01 (3.00) 2.99 (3.00)

SD 0.78 0.81 0.77 0.79
Min 2.00 2.00 1.00 1.00
Max 4.00 4.00 4.00 4.00

Socioeconomic variables
Irrigation water availability (IWA)

Mean (Median) 3.25 (4.00) 3.43 (4.00) 3.34 (3.00) 3.35 (4.00)
SD 1.09 0.96 0.78 0.98
Min 1.00 1.00 1.00 1.00
Max 5.00 5.00 5.00 5.00

Equipment and services
Mean (Median) 4.00 (4.00) 3.10 (3.00) 3.02 (3.00) 3.38 (3.00)

SD 1.38 1.11 1.23 1.30
Min 1.00 1.00 1.00 1.00
Max 9.00 7.00 8.00 9.00

Income source (base group = not agriculture)
Mean (Median) 0.92 (1.00) 0.69 (1.00) 0.44 (0.00) 0.72 (1.00)

SD 0.26 0.46 0.49 0.44
Min 0.00 0.00 0.00 0.00
Max 1.00 1.00 1.00 1.00

Distance to plots
Mean (Median) 2.38 (1.50) 1.77 (1.00) 1.38 (1.00) 1.91 (1.00)

SD 3.05 2.99 1.31 2.83
Min 0.00 0.01 0.00 0.00
Max 26.00 40.00 8.00 40.00

Family size
Mean (Median) 9.57 (8.00) 9.24 (8.00) 7.97 (7.00) 9.12 (8.00)

SD 5.36 4.51 3.81 4.72
Min 3.00 2.00 2.00 2.00
Max 40.00 30.00 25.00 40.00

Gender (base group = male)
Mean (Median) 0.09 (0.00) 0.22 (0.00) 0.32 (0.00) 0.19 (0.00)

SD 0.29 0.41 0.47 0.39
Min 0.00 0.00 0.00 0.00
Max 1.00 1.00 1.00 1.00

a Median in parentheses.
b SD stands for standard deviation.

Notes: Large-size farm (farm sizes > 3 ha), medium-size farm (3 ha ≥ farm sizes ≥ 1 ha),small-
size farm (farm sizes < 1 ha).
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averages (medians) are 8.42 (9.00), 8.36 (9.00) and 7.79 (8.00) for the large, medium and small-312

size farms, respectively, meaning that farmers tend to have high CPInd as farm size increases.313

The averages (medians) of irrigation water availability (IWA) for large, medium and small-size314

farms are 3.25 (4.00), 3.43 (4.00) and 3.34 (4.00), respectively. The results show that there are no315

considerable differences in average or median IWAs across farm sizes. The cognitive variables,316

such as farming experience and information access, have a tendency to increase with farm sizes,317

while education does not show such a tendency (see rows associated with “cognitive variables” in318

table 3). The socioeconomic variables, such as equipment and services, income source, distance to319

plots and family size, except for gender show an upward trend as the farm size increases (see rows320

associated with “socioeconomic variables” in table 3). Overall, the summary statistics demonstrate321

that farmers are homogeneous in relation to education and IWA, while they are heterogeneous in322

relation to AdaptNum, AdaptInd, CPInd, farming experience, information access, equipment and323

services, income source, distance to plots, family size and gender.324

Table 4 reports the estimated coefficients, marginal effects and their respective standard errors325

of the independent variables on AdaptNum in Poisson regression models. The results underscore326

the robustness of the key variables across all four regression models, characterizing the relation-327

ships with AdaptNum. For instance, the marginal effects of the medium and small-size farms on328

AdaptNum are negative and statistically significant at 1 % level across all models. The results329

demonstrate that medium and small-size farms do not adapt as compared to large-size farms. The330

cognitive variables, such as CPInd, farming experience and information access, show positive re-331

lationships with AdaptNum, aligning with existing literature (Islam et al., 2016, Dang et al., 2019,332

Ajani and Geest, 2021, Fischer et al., 2022, Ewalo and Vedeld, 2023). We also observe that so-333

cioeconomic variables, such as IWA, equipment and services, income source, distance to plots and334

family size, are significant. Past studies suggest that IWA is crucial in semiarid and arid regions335

(Sorg et al., 2014, Ndamani and Watanabe, 2015, Golla, 2021, Sharofiddinov et al., 2024), and336

equipment and extension services play vital roles in agricultural production and farmers’ adapta-337

tions (Fahad and Wang, 2018, Umunakwe et al., 2022). Interaction terms between farm-sizes and338
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IWA are found to indicate the heterogeneous effects on AdaptNum, implying that AdaptNum by339

small-size (medium- or large-size) farms is sensitive (insensitive) to IWA with a positive associa-340

tion.341

Table 5 reports the estimated coefficients, their corresponding standard errors and the statistical342

significance level of the independent variables on AdaptInd in median regression models. The343

details of the median regression results for AdaptInd shall be discussed and interpreted as compared344

to those for AdaptNum, because the AdaptInd is argued to be one of the most appropriate and345

credible measurements for farmers’ adaptations in literature (Below et al., 2012, Koirala et al.,346

2022). The estimated coefficients of medium-size farms on AdaptInd are statistically significant347

with a negative sign in models 1, 2 and 3 at 1 % level. Likewise, the estimated coefficients of348

small-size farms on AdaptInd are statistically significant at the 1 % level with negative sign across349

all models. The results indicate that medium- and small-size farms tend not to adapt by 0.52 ∼350

0.96 and by 0.78 ∼ 4.52 on the median AdaptInd, respectively, as compared to large-size farms,351

holding other variables constant. Overall, the findings suggest that both medium and small-size352

farms tend not to implement adaptations by the index as compared to large-size farms.353

The coefficients of some cognitive variables, such as CPInd, farming experience, information354

access and education, are statistically significant at 1 % to 10 % level at least in some models (ta-355

ble 5). The results reveal that farmers tend to increase AdaptInd by 0.12 ∼ 0.15 when their CPInd356

increases by one unit. Previous studies find that CPInd plays an important role in farmers’ adapta-357

tion responses (Deressa et al., 2011, Abid et al., 2016, Koirala et al., 2022), being consistent with358

the result. A year of farming experience tend to induce farmers to raise AdaptInd by 0.11 ∼ 0.17359

AdaptInd, and it is in line with previous studies that show the positive impact on adaptation deci-360

sions (Fadina and Barjolle, 2018, Ado et al., 2020). Farmers are found to decrease AdaptInd by361

0.17 ∼ 0.21 as their education level increases by one unit. The negative relationship is not surpris-362

ing in Tajikistan in that most educated farmers have alternative occupations, inducing themselves363

to take adaptations from nonagricultural income-generating activities. Other key socioeconomic364

variables, such as income source and family size, are identified to be significant in some models,365
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Table 5: Estimated coefficients of the independent variables on the adaptation index (AdaptInd)
in the median regressions

Adaptation index (AdaptInd)

Model 1 Model 2 Model 3 Model 4

Farm-size variables
Farm-size dummies
(base group = Large-size farm)
Medium-size farm −0.96*** −0.65*** −0.52*** −0.11

(0.18) (0.20) (0.19) (1.01)
Small-size farm −1.17*** −0.89*** −0.78*** −4.52***

(0.24) (0.26) (0.26) (1.27)
Cognitive variables

Climatic perception index (CPInd) 0.15*** 0.12*** 0.06
(0.05) (0.04) (0.08)

Farming experience 0.17** 0.13* 0.11*
(0.07) (0.07) (0.06)

Information access 0.05* 0.03 0.02
(0.03) (0.03) (0.03)

Education −0.21** −0.17* −0.09
(0.11) (0.10) (0.09)

Socioeconomic variables
Irrigation water availability (IWA) 0.06 0.02

(0.08) (0.11)
Equipment and services 0.08 0.06

(0.06) (0.06)
Income source (base group = not agriculture) 0.36* 0.12

(0.19) (0.18)
Distance to plots −0.04 −0.04

(0.04) (0.03)
Family size 0.04** 0.04**

(0.02) (0.02)
Gender (base group = male) 0.14 0.10

(0.20) (0.19)
Interaction terms

(base group = Large-size farm)
Medium-size farm × CPInd −0.19

(0.09)
Small-size farm × CPInd 0.28**

(0.11)
Medium-size farm × IWA 0.01

(0.15)
Small-size farm × IWA 0.51**

(0.24)

Constant 4.97*** 3.02*** 2.36*** 2.76***
Sample size 785 766 737 737
Climatic zones No No No Yes
Pseudo R-squared 0.04 0.06 0.08 0.08

*** significant at 1 % level
** significant at 5 % level
* significant at 10 % level
Standard errors are in parentheses
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following our expectations and intuitions. The two factors appear to contribute to farms’ adaptation366

capacities, facilitating active engagement for adaptations (Assefa and Gebrehiwot, 2023).367

We examine the interaction effects between farm-sizes and CPInd as well as between farm-368

sizes and IWA on AdaptInd. To this end, the interaction terms are included and estimated in Model369

4, enabling us to derive the predicted median AdaptInd over CPInd or over IWA for each farm size.370

Model 4 shows that the coefficient of the interaction terms between small-size farms and CPInd is371

statistically significant at 5 % level. It implies that small-size farms tend to raise AdaptInd by 0.34372

(= 0.06 + 0.28), when their CPInd rises by one unit. Similarly, the coefficient of the interaction373

terms between small-size farms and IWA is statistically significant at 5 % level, implying that374

small-size farms take additional AdaptInd by 0.53 (= 0.02 + 0.51), when their IWA improves by375

one level. Overall, adaptations by small-size farms can be interpreted to be highly dependent on376

CPInd as well as on IWA with positive associations, while large-size and medium-size farms are377

not. The results suggest some possibility that the interaction effects of farm sizes with CPInd and378

with IWA practically influence AdaptInd in Tajikistan farming.379

Based on the estimation results from model 4, we compute and graph the predicted median380

AdaptInd over CPInd and IWA for each farm size in consideration to the interactions (figure 5).381

The predicted median AdaptInd for each of large, medium and small-size farms in figure 5a demon-382

strates that the intercepts and slopes are idiosyncratic between small-size farms and other-size ones383

(medium- and large-size farms). In particular, the intercepts for the large and medium-size farms384

are higher than that for the small-size farms, and the predicted median AdaptInd has a upward385

slope over CPInd only for small-size farms. On the other hand, it is evident that the predicted me-386

dian AdaptInd is not sensitive to CPInd for each of medium and large-size farms, being practically387

flat. Likewise, the same tendencies of the predicted median AdaptInd over IWA are found across388

farm sizes (figure 5b), presenting that adaptations by small-size (large and medium-size) farms389

are sensitive (insensitive) to IWA with a positive slope. Overall, figures 5a and 5b are interpreted390

to suggest that small-size farms in Tajikistan are vulnerable to or fragile against climate change391

through a decline in adaptations, especially when they have neither proper climate perceptions nor392
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(a) Predicted AdaptInd over CPInd by farmers across farm sizes

(b) Predicted AdaptInd over IWA by farmers across farm sizes

Figure 5: Predicted adaptation indices (AdaptInd) over climatic perception index (CPInd) and
irrigation water availability by farmers across farm sizes
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sufficient water availability. It must be noted that large- and medium-size farms do not display393

such a tendency, and we conjecture that they possess some advantages for adaptations reflecting394

farming culture and history that have prevailed in Tajikistan as compared to small-size one.395

We summarize the statistical and econometric results related to AdaptNum and AdaptInd,396

providing the answers to our research question and hypothesis. As outlined in our conceptual397

framework, AdaptNum and AdaptInd are influenced by cognitive factors, socioeconomic ones and398

their interactions. The results demonstrate that farm sizes, CPInd, farming experience, informa-399

tion access, IWA and family size influence both AdaptNum and AdaptInd in a robust manner.400

In particular, the summary statistics, boxplots and regression results uniformly suggest that farm401

sizes are key variables to characterize adaptations, that is, adaptations tend to increase with farm402

sizes. Estimated coefficients on the interaction terms and the associated graphs show that large and403

medium-size farms stably take adaptations, irrespective of CPInd and IWA, while small-size farms404

are sensitive to the factors or vulnerable against climate change. It means that small-size farms go405

through a decline in adaptations or do not have an ability to adapt, especially when they do not406

have good CPInd or sufficient IWA. The results may be due to traditional farming practices during407

the Soviet period “Kolkhoz” and “Sovkhoz” where Tajikistan farmers are familiar with agricultural408

production and management under large and medium-size farms, adapting to climate change. On409

the other hand, Tajikistan farmers in small-size farms are known to suddenly become the owners410

of newly allocated small agricultural plots, and they do not receive proper instructions or training411

regarding how to manage and make productions under small farming (Van-Assche et al., 2013,412

Shtaltovna, 2016). Therefore, such farmers may not posses any embodied knowledge, skills and413

abilities to adapt particularly under the lack of their climate perceptions and water availability. It414

is our belief that the statistical analyses present coherent results with one another, well reflecting415

what is going on farmers’ adaptations by farm sizes in Tajikistan.416

Land fragmentation is a growing worldwide trend which is known to be influenced by external417

factors, such as population growth, economic uncertainties and policies, bringing farm sizes to be418

small over time (Tan et al., 2006, Hartvigsen, 2014, Sharofiddinov et al., 2024). In some coun-419
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(a) The proposed plot and farm sizes in intermediate step

(b) The proposed plot and farm sizes in final step

Figure 6: Proposed plot and farm sizes in intermediate and final steps of land consolidation.
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tries, land fragmentation is empirically established to be beneficial as well as to increase farmers’420

adaptation capabilities in agriculture (Kabubo-Mariara and Mulwa, 2019, Ntihinyurwa et al., 2019,421

Koirala et al., 2022). In general, however, the superiority between large and small sizes or between422

large-scale and small-scale business operations is not clear-cut in terms of profitability and adapta-423

tion capability, remaining inconclusive depending on the types of management practices, cultural424

contexts and histories (Revilla and Fernández, 2012, Hollender et al., 2017). Against this back-425

ground, our research indicates that land consolidation is recommended to enhance agricultural426

adaptations in Tajikistan and other countries who face the similar situations of old infrastructures427

and poor water availability due to the cultures and histories. For instance, it shall be effective to es-428

tablish community-based management, such as enterprises or shareholders, through consolidating429

small-size farms and their fragmented plots. Figures 6a and 6b depict two examples for possible430

steps. Figure 6a suggests that approximately 80 medium and small-size farms in 120 ha with 237431

plots can be consolidated to form five enterprises (shareholders) that consist of 12 plots on the basis432

of the plot structures in the pre-reform periods. Figure 6b further suggests that the five enterprises433

can be merged into one in 120 ha with 12 plots. The suggestions are expected to enable farmers to434

(i) rotate and diversify their crops, (ii) have access to water irrigation systems and roads, (iii) in-435

crease water availability, (iv) improve efficiency of machinery and (v) reduce unnecessarily roads,436

ditches and farm boundaries under the current water infrastructures in Tajikistan. Alternatively, if437

such land consolidation is considered unfeasible, small-size farms should receive proper instruc-438

tions for climate perceptions or further provision of suitable irrigation infrastructures for sufficient439

IWAs, increasing their adaptations.440

5 Conclusion441

This study has examined how farm sizes influence adaptation responses in relation to irrigation-442

related, cognitive and socioeconomic factors reflecting farming culture and history, hypothesizing443

that large-size farms adapt to climate change as compared to small-size ones in Tajikistan. We444
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utilize a questionnaire survey with 800 farmers on their adaptation responses, farm sizes, climatic445

perceptions, irrigation water availability (IWA), cognitive and socioeconomic factors. The anal-446

yses reveal that farm sizes, climatic perceptions and IWA are key determinants to characterize447

adaptations. The findings show that small-size farms do not adapt as compared to medium- and448

large-size farms, and the adaptations by small-size farms are highly dependent on their climatic449

perceptions and IWA. Overall, this research establishes that large and medium-size farms take450

adaptations irrespective of climatic perceptions and IWA, while small-size farms are found to be451

sensitive to or vulnerable against climate change. Therefore, the results indicate that the ongo-452

ing land-fragmentation policy in Tajikistan should be reconsidered due to the losses in adaptation453

responses, as it has been drastically increasing the number of small-size farms. Otherwise, it is454

crucial to provide proper guidance for how to manage and adapt through improving small-size455

farmers’ climatic perceptions and developing proper irrigation infrastructures to ensure their water456

availability.457

We acknowledge some limitations of this study and provide directions for future research. Our458

analyses do not incorporate long-term farmers’ adaptations in relation to climatic data. Our study459

captures farm-level adaptations including their quantity and coverage areas in relation to various460

factors and farm sizes with the cross-sectional data. Farmers’ adaptations may go beyond the461

results by analyzing the cross sectional data through a questionnaire survey. Thus, future studies462

should collect panel data that include farmers’ adaptations and climatic data over several growing463

seasons or years. By doing so, further countermeasures for increasing agricultural adaptations shall464

be identified. Moreover, we do not associate farmers’ adaptations with their performances, such as465

profits or productions in the analyses. In future, it is recommended to examine the relation between466

some performance variables and adaptations in relation to farm sizes within a single framework,467

utilizing switching regressions. This type of researches shall contribute to our understanding of468

how the sizes matter for not only adaptations but also performances along with the relation between469

the two. Despite the limitations, we believe that this study demonstrates a clear evidence, that is,470

farm sizes are keys for adaptations and land fragmentation is not necessarily recommended in the471
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context of Tajikistan. The evidence shall be considered an important initial step for clarifying472

the functions among farm sizes, cognitive and socioeconomic factors in agriculture as well as for473

countering adverse effects from climate change on food security in countries facing the same types474

of situations as in Tajikistan.475
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