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General comment to Authors:
Overall, I think the work is interesting and the methodology is appropriate to achieve the purposes of the study. The manuscript presents an important contribution to the existing literature on the assessment of impact of using groundwater resources in Pakistan on the distribution of income and crop productivity. To show that the authors attempted to define different indicators and used multivariate analysis. I However, I still have some concerns and comments that should clarified and addressed which could improve the quality of the manuscript before publication.
We are grateful to the esteemed reviewer for meticulously reviewing the article. In response to the comments, we have tried our best to explain and incorporate the reviewers concerns in the manuscript. A point-by-point response to all comments is given below.
Specific comments:
1. The title should be shorter and more concise. The tile should reflect the main message and keywords of the research study that the authors want to convey to readers.

We thank the reviewer for this comment. In response, the title has been changed as per the reviewer suggestion. 

2. The authors neglect an important factor that could affect the conclusions of the research study. I think it would be important to include the type of irrigation systems used across farmers to interpret well the water productivity. The authors are silent here. As well know, the type of irrigation system could affect the efficiency and productivity across farms. It is an important aspect should be considered in the analysis which is not clear for the readers.

The reviewer has raised an interesting point. However, we found during the field survey that more 99% of farmers were using flood irrigation method to irrigate their crops. This practice is especially common for the wheat crop for which most of the results have been discussed in the manuscript. We have also mentioned this aspect in the manuscript now. Please see Lines 592-596.

3. In the same context, it would be better estimating the production function using stochastic production frontier or data envelopment analysis techniques to derive more reliable estimates and impacts of productive inputs on the wheat productivity. Using this would allow you to determine how farmers are efficient across different groups. As it is shown the determinant coefficient (R2 =0.49) is very low and the model cannot adequately express the variation across observations.

We thank the reviewer for this comment. Since the purpose of this study was not to estimate the efficiency impacts of water markets, therefore we did not include the efficiency results in this study. In fact, the authors have published another study using a part of this dataset (Razzaq et al., 2019). That study estimates the efficiency of farmers using Data Envelopment Analysis. The results of that study corroborate the findings based on the Water Productivity results reported here (Table 7). Furthermore, the purpose of regression results reported in the current study is to estimate the effects of irrigation sources on plot-level yields in the study area, and not the water use efficiency. We have also corrected the title of heading 3.3.3. Considering the author’s comment on R2 value, we sifted through other studies which conducted a regression analysis and found that the low R2 value reported here is acceptable. We hope these responses satisfy the reviewer’s concern.

Razzaq, A., Qing, P., Naseer, M.a.U.R., Abid, M., Anwar, M., and Javed, I. (2019). Can the informal groundwater markets improve water use efficiency and equity? Evidence from a semi-arid region of Pakistan. Science of The Total Environment 666, 849-857.

	L215: it should horizon equity not vertical equity

We have corrected this mistake (L284). We thank the reviewer for this comment. 

4. L333: 𝛾 is also a regression coefficient, you should explain the significance of each parameter (𝛾 and 𝛿) for non-familiar readers with statistical aspects.

We have corrected this mistake and explained the meaning of the regression coefficient. Please refer to Lines 403-404.

5. Regarding the impact of participation in Groundwater Markets on Farmers’ Income, the authors used two concepts difference-in-difference analysis and propensity score matching (PSM) technique, which are totally different. It is unclear which technique the authors have used to compute the impact. The authors should be more specific regarding this point.

We thank the reviewer for this comment. In fact, the “difference-in-difference” terms was written here by mistake. We have used the propensity score matching technique to evaluate the impact of groundwater markets on farmer incomes. We have now removed the term “difference-in-difference” from the text (L411).

6. Table 4: it is not clear how the author define and estimate the elasticity, which equation the authors used to calculate the elasticity. More details needed to understand better the results.

The results in this Table report the results of a Log-linear production function using the two variables only i.e., farm size (independent) and wheat yield (dependent). The aim was to check the effect of farm size (or the access to groundwater) on wheat yields (i.e., whether physical inequities exist in access to groundwater). We use the variable of farm size because large farmers usually have greater access to groundwater as they own the tubewells. Elasticity is the regression coefficient i.e. it indicates the percentage change in yield with a 1 unit change in farm size. However, the aim here was to check the direction of the relationship. We have improved the description of these results in Lines 526-530. 


7.  L481-L485: As commented earlier the authors talk about the frequency of irrigation but nothing regarding the irrigation system used by farmers. Is there any difference between irrigation system or it is common among farmers of each region? More clarification about that is needed to isolate the impact of efficiency and management aspects of irrigation system type.

As explained earlier, we did not observe any differences in the irrigation system in the sample regions. All the farmers were using the same irrigation system in the study area. 

8. L487-490: “Impact of Water Markets on Productivity” section: how the authors test the significance of each model specifications. Any statistical test has been used to select the best model fit. This point is not clear.

These sentences (now at L566-569) indicate that we tested different specifications of the production function (such as Cobb-Douglas and log-linear functional forms). But these functions did not fit the data well. For instance, the coefficients of many variables were not significant, R2 values were too low, or the signs of the coefficient did not make sense as per the production theory. Therefore, we did not use those models.

9. L522-L526: the diversification of water use is accounted for to determine the water productivity coefficient. I understand that the water could be used for different crops at farm level. There are no information regarding this point.

The results in Table 7 (i.e., water use and crop yield) are presented for the wheat crop only. Therefore, the water productivity is also calculated for the wheat crop. In these results, we did not measure the water productivity for other crops. We have highlighted this point by mentioning that it is water productivity for the wheat crop (Line 584, Line 596, Line 601).

10. L556: Finally, what do (ATE) (ATT) mean? These abbreviations are not previously defined in the text and should be defined at the first time.

We thank the reviewer for this comment. We have now defined these abbreviations (Line 636-637).

