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Journal: Hydrology and Earth System Sciences (HESS) 
Title: Quantifying the impacts of human water use and climate variations on recent drying of Lake 
Urmia basin: the value of different sets of spaceborne and in-situ data for calibrating a hydrological 
model   

1 Overall assessment 

First and foremost, I would like to sincerely apologize for my late reviews – due to family reasons. I 

have now reviewed the new manuscripts and authors’ responses to previous reviews. By and large, 

the authors have addressed most of the comments, updated the modelling, condensed the 

manuscript and improved the use of language, and improved the discussion of results (particularly 

adding a new section on the limitations of the study). So, I would like to thank authors for their 

efforts in this round of the review.  

I would like to also thank authors for dedicating a section on limitations (section 4.3). Not only it is 

good practice for scientific studies, but also it directs readers to design future studies to address past 

limitations. That said, a few major points are missing in the discussion of limitations:  

• The study period is limited and do not include some of the most important years of the lake 

(and the basin) old/recent history and evolution, e.g. recent changes in the lake since 2013 

(beyond the study period of this manuscript). Compared to most hydro-climatology studies 

of the lake, this study is based on a very short period (2003-2013), and hence generalizing its 

results beyond this domain is difficult, particularly due to the non-stationarity of the lake 

system. I expanded on this in section 3 of this review.  

• Role of dam constructions, groundwater withdrawals and its hydrological connectivity to the 

lake, and seasonal variations of the flow overlooked in the model calibration.  

Moreover, section 4.2 “Comparison to human vs. climatic contribution as determined in previous 

studies” comes short of providing an adequate and accurate characterization of the ongoing debate 

within the literature: 

• I acknowledge that the Lake Urmia desiccation has been an ongoing contested debate, i.e. 

whether the main driver of drying is management-related and human activities or climatic. 

This very question is indeed the crux of the matter, and hence it is in the best interest of both 

authors and readers to be more rigorous on this discussion. As opposed to several previous 

studies, this study puts more weight on the climatic drivers of the lake drying. However, the 

authors (in section 4.2) misrepresented or overlooked some of those studies which argued 

for human activities over climatic drivers. Regardless of my personal position in this debate, 

authors are unduly framing the results and merits of the previous studies to justify their own 
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side of the argument. Further, they have failed to discuss a few important studies on the 

lake. I demonstrate this in section 2 of this review. To help the authors, I discussed several 

points in details. I have also suggested few additional references and edits throughout. 

Therefore, in my opinion section 4.2 of the manuscript is inadequate and must be improved. 

In my evaluation, the manuscript would be accepted upon the suggested minor to moderate 

revisions.  

Below you could read my new reviews and replies to a few responses of authors (in purple) to my 

earlier reviews. The “quotations” are from the final version of the manuscript.  

2 Section 4.2 “human vs. climatic contribution”  

The discussion is not elaborative, lacks a clear discussion line, and previous studies are not 

appropriately represented/discussed. Here I discuss a few points in this section as an example, to 

help authors better discuss this important point.  

Page 18 line 17-21: “Chaudhari et al. (2018) concluded that human-induced changes accounted for 

86% of the lake volume decline during 1995-2010, while we determined values of 39-43% for 2003-

2013. According to our study, human water use was the reason for 39-45% inflow reduction into the 

lake during 2003-2013 which is very similar to the values of Shadkam et al. (2016) for the years 2003-

2009 (comp. their Fig. 8). Discrepancies are likely due to different analysis methods but different 

analysis periods and conceptualizations make a direct comparison of the estimated contributions 

difficult.” Re the underlined part: it is a general statement and not good enough to simply overlook 

the details leading to these difference. It is essential to discuss in more details what are the main 

differences between these studies e.g. in terms of data type, analysis approaches, fundamental 

assumptions, etc. For instance, Chaudhari et al. (2018) studied a considerably longer period. They 

also studied the land use changes in detail: over 1987-2016 showed ~98% and ~180% increase in 

agricultural lands and urban areas, respectively. They accounted for human impact during 1995-2010 

(based on simulation of streamflow into the lake). Various studies identified two distinct periods of 

pre- and post-change in the lake dynamics, e.g. Khazaei et al. (2019) identified year 2000 as the 

change point and Fazel et al. (2017) identified year 2001. Given that, studies such as Chaudhari et al. 

(2018) take into account a wider range of the non-stationarity of the lake than the present study 

where only a part of the post-change period is investigated. It is plausible to expect that if your 

model was successfully calibrated over a longer period including years prior to 2000, it would have 

lead to different results. 
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“While Ghale et al. (2018) seem to support the results of Chaudhari et al. (2018) as they state that 

80% of drying of Lake Urmia is due to anthropogenic impacts during 1998-2010, their statistical 

analysis assumes that lake inflow from rivers can be considered to reflect “anthropogenic impacts” 

while precipitation and evaporation reflect climatic variation. However, inflow is in reality also 

affected by climatic variations.” Your argument here is incomplete, as the impact of climate vs. 

human activities on river networks is different for headwaters and lower river reaches. Fazel et al. 

(2017) investigated this in detail, analyzing the flow regime changes across the lake basin (57 flow 

gauging stations) over the period 1949-2013 (perhaps the longest record of the basin flow studied so 

far). Their study showed that while “flow regime in river headwaters appeared to be dominated by 

natural forces”, “the reduction in river flow magnitude increased from headwaters to downstream 

reaches for all rivers” due to dam river regulations and dam constructions. They further argued that 

“Changes in river flow in the period 1965–2013 cannot be explained by climate change, the effects of 

which occur much more slowly than those of land use change in the region”. They concluded that 

“The results showed that irrigation was by far the main driving force for river flow regime changes in 

the lake basin. All stations close to the lake and on adjacent plains showed significantly higher 

impacts of land use change than headwaters. As headwaters are relatively unaffected by agriculture, 

the non-significant changes observed in headwater flow regimes indicate a minor effect of climate 

change on river flows in the region”. 

“Using a statistical change point analysis and without modelling, Khazaei et al. (2019) stated that 

given the stable conditions of precipitation and temperature, climatic changes could not explain the 

dramatic decline of the lake level; however, they did not use in-situ data (except lake water level 

data) for their analysis” Study by Khazaei et al. (2019) is more than a simple statistical change point 

analysis, they estimated the land use change (particularly vegetation dynamics and its associated 

hydrological loss in terms of evapotranspiration) and trends of various hydro-climatic variables across 

various time scales. While their study surely has its own limitations, lack of modeling and use of in-

situ data are not the major limitations – let alone this is too generic for a scientific criticism. One of 

the major limitations of their work, for instance, is that they did not account for the role of 

groundwater dynamics in their analysis. 

“For quantifying human and climatic contributions to observed hydrological changes, a 

comprehensive modeling approach that takes into account, for example, the impacts of changing 

temperatures on runoff and thus river inflow and on evapotranspiration of the lake itself is 

preferable.” Preferable to what exactly? I tend to disagree that modeling is preferable to 

comprehensive analysis of historical data. Modeling introduce various sources of new uncertainty to 

a problem (such as model structural uncertainty, parameter uncertainty, over-parameterization, 

parameter transferability across time and space, etc.), which are not preferable to the simplifying 

assumptions underlying statistical analyses (such as trend, correlation, or linear regressions). In 
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general, I believe, both approaches of modeling and data analysis can inform us in some ways, while 

each has its own shortcomings in other ways.  

“Chaudhari et al. (2018) but their uncalibrated global hydrological model that represented the basin 

by 5-6 cells only was not able to simulate well the flows and storages in the basin.” This is a 

mischaracterization of Chaudhari et al. (2018), undermining their extensive modeling setup and 

evaluation. Although Chaudhari did 

not explicitly discuss the model setup 

and calibration, they demonstrated 

the adequacy of their model by 

evaluating various model outputs 

against available knowledge and data 

of the LU basin. For instance, they 

compared their simulation inflow to 

the lake with the observed inflow 

record (previously gathered by 

Hassanzadeh et al., 2012). As the figure shows it is in good agreement. I agree with the authors’ 

intent to critically review previous studies to elaborate their shortcomings, however this must be 

done rigorously and accurately.  

Page 19 lines 2-5: “Hosseini-Moghari et al. (2018) showed that an increasing frequency of days with 

less than 5 mm precipitation in combination with decreasing monthly precipitation has led to the 

observed reduced inflow into two dams in the Lake Urmia basin that are located 5 downstream of 

areas with insignificant human water use.” This study is not available online and it is not possible to 

confirm whether it is peer-reviewed or not.  

“We conclude that analyses should be done on a daily time scale or smaller.” What type of analyses 

exactly? Such a generic statement. Needless to mention that the very present study of the authors is 

not done on a daily time scale either. The time scale of a study depends on its objective.  

“we examined the ratio of annual inflow into the lake (based on the ensemble mean) over annual 

precipitation during the study period. This ratio reached maximum values in 2003 (0.29 and 0.41 for 

the anthropogenic and naturalized conditions, respectivly) and minimum values in 2009 (0.07 and 

0.15). Averaged over the period 2009-2013, these ratios are, with 0.11 (ANT) and 0.22 (NAT), much 

smaller than the values for 2003-2007, 0.20 and 0.32. Thus, the drought year 2008 as well as the 

relatively small ratio of inflow into the lake over precipitation in the last five years of the study period 

play a significant role in the decline of inflow and lake water storage” There are various issues with 

this argument. First, the period 2009-2013 is a very short period to build a hydro-climatic analysis on, 

particularly for LU with remarkable non-stationarity. So, the naturalized scenario based on this 
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period is not reliable. Second, the considerable extraction of groundwater resources has been an 

additional source of water for irrigation and consequently hydrological loss in this basin. The impact 

of groundwater withdrawal (and its consequent hydrological loss) would have had a direct impact on 

the lake and possibly on streamflow generation in the basin as well (e.g. as the land coverage of the 

basin has changed). Urbanization in this basin (discussed by Chaudhari et al. (2018)) together with 

the expansion of agricultural and irrigated areas would have an impact on streamflow generation 

(both magnitude and generation mechanisms).  

“For quantifying human and climatic contributions to observed hydrological changes, a 

comprehensive modeling approach that takes into account, for example, the impacts of changing 

temperatures on runoff and thus river inflow and on evapotranspiration of the lake itself is 

preferable.” Also, estimating the impact of land use change (e.g. urbanization and cropland 

expansion) on runoff generation in the basin.  

2.1. On the role of atmospheric drought 

Figure 2 and the last paragraph of page 2: This figure and its associated text provide an incomplete 

overview of the lake dynamics. The decline of the lake water level started around the year 2000, 

which is way more abrupt than 2003 onwards.  

Page 1 line 30: “The study shows that even without human water use Lake Urmia would not have 

recovered from the significant loss of lake water volume caused by the drought year 2008.” First, you 

have not provided any evidence that the drought year 2008 caused a significant loss in lake volume, 

this causal link is non-

existent in your study. 

The authors are trying 

to over-emphasize the 

role of atmospheric 

droughts, specially the 

2008 one. There has 

been stronger 

atmospheric droughts 

in previous years than 

year 2008. Here is a 

figure from Alborzi et 

al. (2018). The historic 

droughts during 80s 

and early 90s are more severe than the 2008 drought, yet the lake has survived (AghaKouchak et al., 

2015).   



6 
 

2.2. Irrigated area 

One aspect that has not 

been discussed in section 

4.2 is the irrigated area: 

how it is differently 

estimated by different 

studies and its implications. 

Below I have extracted 

figures corresponding to 

the estimated irrigated 

areas by 3 different 

studies. 

Supplement page 3 line 5: 

“Considering that water 

management in the basin 

aims at preventing any 

increase of irrigated areas, 

it is assumed that the 

irrigated area in 2013 remained at the 2012 value (Fig. S3)”. This assumption is questionable. For 

instance, Alizade Govarchin Ghale et al. (2019) estimated the irrigated lands to decrease by ~12% 

from 2012, but again increase in 2018-2019. Further, their estimated irrigated area is very different 

from the present study: year 2003 is different by ~500 km2 (~12%). The trend is also different, e.g. 

the increase during 2007-2011, or during 2003-2005.  

While both this study and Alizade Govarchin Ghale et al. (2019) estimated the irrigated area based on 

the overall vegetation coverage, Chaudhari et al. (2018) made a distinction between natural 

vegetation and cropland. They showed (see the figures below) that the while the natural vegetation 

has oscillated throughout the years (1998 to 2006 → decreased, 2006 to 2011 → increased, and 2011 

to 2016 → decreased), the cropland has continuously increased. Moreover, they estimated the 

 
From the present study 

 
From (Alizade Govarchin Ghale et al., 2019) 

 
From Chaudhari et al. (2018) 



7 
 

annual net irrigation requirement (NIWR) during 1980-2010 based on the crop evapotranspiration 

(FAO Penman Monteith approach), independent of the global hydrological model they used, and 

compared it with estimations based on Landsat classification (see Figure 9 in their study). So, their 

estimated irrigation is independent of how well or poorly their model was calibrated, and arguably 

more comprehensive than your study. While the present study demerited Chaudhari et al. (2018) 

(page 19 of the manuscript) and entirely overlooked Alizade Govarchin Ghale et al. (2019) and Fazel 

et al. (2017), the authors failed to acknowledge that these studies delved deep into land use changes, 

irrigation water requirement, and flow regime changes.  

3 Comments on “Section 4.3 Limitations” 

3.1. Study period 

Here I would like to allude to a previous comment of the review process.  

Reviewer comment: the time period 2003-2013 is inadequate for modeling the lake dynamics. 

Before 2000 the lake was not as heavily impacted by over-regulation of the river flows, and also 

between 2000-2003 there is significant variation in the lake level and annual inflows to the lake. 

Therefore it is essential to include these years, for as many variable as possible. Otherwise, the 

model is biased and not representative of the lake dynamics.  

Authors’ response: We have considered this period due to the fact that the observed data was 

available for this period. We completely agree with you; it was better to consider a longer period for 

calibration. However, we don't prefer to reconstruct data, that is error-prone. The GRACE data and 

irrigated areas are not available for the period 2000-2003. Further, we don't want to use the model 

for out of calibration period, therefore we believe that for using the model in the calibration period 

there is no concern about the bias. 

Reviewer’s response: the point I argued is not simply about the length of data and model calibration. 

There are major aspects of the lake dynamics (and the basin evolution) that falls outside the 2003-

2013 period. While you evaluated your model within the calibration period using an independent 

variable, you tend to generalize your findings about the lake beyond the limited period of 2003-2013. 

To study the drivers of the lake drying, it is not adequate to build up your entire argument based on a 

limited time period that does not include the non-stationarities of the lake system: various studies 

identified two periods of pre- and post-change for the lake, e.g. Khazaei et al. (2019) identified year 

2000 and Fazel et al. (2017) identified year 2001 as the change point. Given that, your study does not 

cover the pre-change period, and both anthropogenic and natural scenarios are defined based on 

only a sub-period (2003-2013) of the post-change period (2000 to date), which biases the scenario 
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analysis. Further, most recent changes in the 

lake system is also not discussed. The lake has 

experienced considerable changes since 2013, 

e.g. see the extensive study by (Alizade 

Govarchin Ghale et al., 2019) on the land use 

changes within the lake basin. The figure 

below (extracted from Alizade Govarchin 

Ghale et al. (2019) shows the historic surface 

area as well as its increase since 2013 – 

evidence of remarkable non-stationarity. To 

what extent your modelling assumptions and 

results are compatible with this non-

stationarity, particularly the most recent 

changes of the lake?  

3.2. Other limitations and 

suggestions  

Role of dams: Another aspect of the lake system that you did not accounted for explicitly is the dam 

construction within the lake basin over the past decades (24 dams were constructed during 1970-

2000, and 32 during 2000-2014), which studies such as Fazel et al. (2017) and Alizade Govarchin 

Ghale et al. (2018) accounted for explicitly.  

Seasonal flow and model calibration: While all variables are calibrated/evaluated on a monthly 

basis, the streamflow is calibrated on annual scale. I suspect that it is due to the fact that the model 

could not adequately represent the seasonal variations in streamflow, which are significant for this 

basin (Alizade Govarchin Ghale et al., 2019; Fazel et al., 2017). The seasonal variations of the flow 

have direct implications on irrigation estimations and the lake dynamics. 

Groundwater withdrawal and its hydrological connectivity to the lake: The groundwater withdrawal 

is under-estimated in 

the model setup (a 

point that has been 

raised by reviewers 

before). While authors 

stated that “Observed 

decline of groundwater 

storage was 1.8·109 

From LURP report (in 
Persian, attached to 
this review). Red is 

withdrawal from 
deep wells, and 

green is withdrawal 
from partial deep 

wells, and blue is the 
total extraction.  
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m3, i.e. 18% of the observed total water storage loss in the basin” (page 17 line 20), the groundwater 

withdrawal (including both shallow and deep wells, see the figure) shows at least 2.1 MCM 

withdrawal in the past 2 decades.  

Also, as discussed by Danesh-Yazdi and Ataie-Ashtiani (2019) the hydrologic connectivity between 

the lake and groundwater remains an under-studied aspect of the lake dynamics – which is a general 

limitation of most studies including the present one.  

Page 20 lines 1-3: re lake bathymetry please also cite the below studies: 

• Sima, S., & Tajrishy, M. (2013). Using satellite data to extract volume–area–elevation 

relationships for Urmia Lake, Iran. Journal of Great Lakes Research, 39(1), 90-99. 

• Karimi, N., Bagheri, M. H., Hooshyaripor, F., Farokhnia, A., & Sheshangosht, S. (2016). 

Deriving and evaluating bathymetry maps and stage curves for shallow lakes using remote 

sensing data. Water Resources Management, 30(14), 5003-5020. 

4 Minor comments  

Page 3 line 10: “Studies on various aspects of the Lake Urmia disaster abound. With decreasing lake 

water volume, salt concentration has increased”. Please cite the recent study on salt concentration as 

a dust source: 

• Boroughani, M., Hashemi, H., Hosseini, S. H., Pourhashemi, S., & Berndtsson, R. (2019). 

Desiccating Lake Urmia: A New Dust Source of Regional Importance. IEEE Geoscience and 

Remote Sensing Letters. 

Page 3 line 11: “Precipitation reduction, temperature increase, agricultural development including 

construction of man-made dams and building a causeway across the lake have been identified as the 

reasons for the degradation of Lake Urmia (Abbaspour and Nazaridoust, 2007; Zeinoddini et al., 2009; 

Delju et al., 2012; Jalili et al., 2012; Sima and Tajrishy, 2013; Fathian et al., 2014; Farajzadeh et al., 

2014; Banihabib et al., 2015; AghaKouchak et al., 2015; Azarnivand and Banihabib 2017; Alizadeh-

Choobari et al., 2016; Ghale et al., 2018; Khazaei et al., 2019)”. Please separate out the references 

and cite relevant references for each factor (underlined phrases) individually. It helps the readers to 

track back.  

Page 4 line 25: “a good fit of simulated and observed streamflow may not necessarily lead to an 

appropriate simulation of other flows and storages (Beven and Freer, 2001). Therefore, additional 

types of observations have to be added to avoid equifinality (Beven and Freer, 2001; Döll et al., 
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2016).” The second sentence does not follow the first sentence, and using “therefore” does not make 

sense here. Also, by adding further data types, one will not “avoid” equifinality, because equifinality 

is a general property of open complex systems (e.g. hydrological models) and cannot be avoided. The 

goal is to “reduce” equifinality when possible. Please also cite the following recent studies on 

equifinality which are directly relevant to the discussion: 

• Kelleher, C., McGlynn, B., & Wagener, T. (2017). Characterizing and reducing equifinality by 

constraining a distributed catchment model with regional signatures, local observations, and 

process understanding. Hydrology and Earth System Sciences, 21(7), 3325. 

• Khatami, S., Peel, M. C., Peterson, T. J., & Western, A. W. (2019). Equifinality and flux 

mapping: A new approach to model evaluation and process representation under 

uncertainty. Water Resources Research, 55, 8922– 8941.   

Page 12 line 17 “We determined that the results of the naturalized run differ by less than 2% from a 

run with reservoirs but without human water use”. First, it is not clear 2% of what is discussed here 

exactly. Second, such a small difference between the two scenarios is clearly a red flag, indicating 

that the model setup and/or scenarios are problematic. Most of the recent studies concluded that 

the lake condition is heavily impacted by human water use.  

Page 14 line 20 “In this way, efficient simulation of regional water flows and storages can be 

achieved, possibly as an alternative to a costlier setup of a regional model”. I’m not sure if I 

understood this part. What is costly about a regional model that is discouraging? What do you 

exactly mean by “setup a regional model”, do you mean to develop a model from scratch?  

Page 18, reword the title of the subsection 4.2 “Comparison to human vs. climatic contribution as 

determined in previous studies”, it does not read well.   

Page 19 line 8: “respectivly” → respectively  
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