
Answer to comments of Anonymous Referee #1 

The original comments of Referee #1 are in black color and indicated by “R1:”. Replies by the 
authors (“A”) are colored in green. Actions are introduced by “Action:”, changes in the 
manuscript are in italics. 

R1: General Remarks: 
This manuscript uses the global water resources assessment model WaterGAP to conduct a 
series of experiments by changing meteorological forcing and land use data, model physics, 
parameters, and processes involved with human water use. Results from these experiments 
are compared with those from the standard version of the model to study the sensitivity of 
simulated water fluxes and stores to the variations made in the experiments. The study 
concludes that the basin-specific calibration leads to the largest change among different 
variants considered, with the changes in climate forcing to be the second dominant factor. 
While the results are interesting and suitable for HESS, I find that there are important 
shortcomings in the presentation of this study which should be addressed before acceptance 
for publication. Some of the issues are related to limited discussion of the possible reasons 
behind the differences in hydrologic components simulated by different model variants. The 
introduction and several other sections can be significantly refined with additional efforts. I 
summarize my specific comments in the followings. 
A: We thank the reviewer for the detailed and constructive comments. We will answer the 
specific comments below.  
 
Specific Comments: 
R1: P1589,L11 (end of introduction in the revised MS): “Parameter uncertainty is neglected”. 
What is its significance here? Please clarify. 
A: We would like to answer this comment also considering general comment 2 of 
anonymous referee #2. In short, we want to state that we do not consider parameter 
uncertainty throughout the study, but only the other sources of uncertainty as model 
structure and spatially distributed input data. We deleted the sentence and added before 
the last sentence of the paragraph (paragraph 8 of introduction in the revised MS) the 
following text for clarification: “As previous studies (Kaspar, 2003; Schumacher et al., 2014; 
Werth and Güntner, 2010) have considered both, parameter sensitivity and uncertainty, and 
due to length issues, this is not focus of this study.” In addition, we modified the last 
sentence of Sect. 4.6 to “This discussion on the dominant type of uncertainty does not take 
into account parameter uncertainty which is a major additional source of uncertainty 
(Kaspar, 2003).” 
 
R1: P1591,L19 (P7,L25 in the revised MS): Wouldn’t the sudden change in input forcing cause 
abrupt changes in storages and fluxes in the model? I assume that the model would show 
certain spurious trends in states and fluxes until it reaches a new equilibrium in the new 
climate. Please discuss this issue here. 
A: This is correct. As we stated in the results section P 1596, L20-22, (last paragraph of Sect. 
3.1 in the revised MS) AET increases when using WFDEI starting in 1979. Also, the changes in 
freshwater storages (Table 3, col. STANDARD comp. to CLIMATE) indicate a decrease of some 
storages due to the AET increase. To our knowledge, there is currently no long term daily 
climate forcing data set available which includes radiation information (as WFD or WFDEI). 
WFD ends 2001 which reduces the potential to use newer observed discharge data for 
calibration. Therefore we combined both datasets. As we stated in P1609, L9 (second 



paragraph of Sect. 5 in the revised MS) it would be of great value for large scale modelling to 
have a consistent dataset available. Action: We cannot provide a thorough discussion in the 
methods section, but we will include an additional sentence and the reference to the results 
section. P1591, L22 (second paragraph of Sect. 2.2.1): “Switching the climate input dataset in 
1979 leads to inconsistencies in terms of AET (much higher in WFDEI) and therefore affects 
the storages until a new equilibrium is reached (see Sect. 3.1).”. In Sect. 3.1. we added as last 
sentences: “For all storages except snow, reservoir and groundwater, a new equilibrium is 
achieved a few (around five) years after 1979 on a lower level (STANDARD variant). Whereas 
snow storage is not influenced at all, groundwater storage is affected by groundwater 
depletion and reservoirs by water use and obvious limitations of the reservoir algorithm. 
Thus, an equilibrium is not reached in global average of the latter two storages but 
decreasing since 1901.”   
 
R1:P1594,L8 (P10,L8 in the revised MS): “…entirely satisfied from surface water resources…”. 
How is the demand satisfied if surface water supplies are not enough? 
A: We thank the reviewer for pointing to this unclear expression. We wanted to state that, in 
STRUCTURE, water is only abstracted from surface water storage and not from groundwater. 
As in all other model variants, it is possible that water supplies are not sufficient to satisfy 
the demand. See also Table 2, column STRUCTURE, where the demand (NAs) is 1082 km3yr-1 
and the satisfied demand is lower, 983 km3yr-1, due to limited surface water resources. 
Action: we will modify this bullet point. P1594, L8 (P10,L8 in the revised MS): “Water for 
human water use is abstracted only from surface water bodies, i.e. there are no groundwater 
abstractions as introduced by Döll et al. (2012)”. 
 
R1:P1595,L11 (P11,L26 in the revised MS): Why is ET less when water use is considered? I 
would assume that ET increases due to irrigation. Also, soil water storage should increase if 
water is taken from rivers and is used for irrigation. 
A: We agree with the reviewer. What was lacking in the manuscript was the explanation that 
what is termed AET does not include evapotranspiration caused by irrigation and other 
human water use, but that this evapotranspiration is called “actual water consumption”. 
Action: We added as third sentence of the first paragraph of section 3.1  (after “… and 
selected climate forcing”): “For interpreting Table 2 and Figure 3 it is important to know that 
actual evapotranspiration AET does not include additional evapotranspiration caused by 
irrigation and other human water use. This part of evapotranspiration is called actual water 
consumption WCa.”. In addition, we rephrased  P1595, L11 (P11,L26 in the revised MS) as 
follows: “When human water use is not taken into account (NoUse), AET increases by 131 
km3 yr-1 because evaporation from open water bodies increases as they are not depleted by 
water uses and additional evapotranspiration of irrigated crops is not included in AET (but 
quantified within WCa, row 4 in Table 2).” In Table 2 we added a footnote to row 2: “AET 
does not include evapotranspiration caused by human water use, i.e. actual water 
consumption WCa”. In Table 5, where we summed up WCa and AET for STANDARD, we added 
a footnote after the value for STANDARD “sum of AET and WCa”. 
 
Regarding the question why soil water storage is not affected: Within WGHM, addition of 
irrigation water to soil, evapotranspiration of part of the added water and return flows of 
the rest are not modeled. Instead, net abstractions from surface water and groundwater are 
computed in a pre-processing step by the sub-model GWSWUSE (as also noted in P1596, L 
14-17 (P12,L25 in the revised MS)). Action: We feel that no action is required. 



 
R1: P1595 L17 (P11,L30 in the revised MS): Is it 1031 or it is because of roundup? You may 
note in Table captions that the numbers don’t sum up due to rounding. 
A: Thanks! We checked the numbers again. Changes in TWS should be 142 km3 yr-1 instead 
143 km3 yr-1 (Table 2), hence the overall sum is 1031 km3 yr-1. Action: We corrected the 
number in the text (P11,L30). 
 
R1: P1596, L16 (P12,L27 in the revised MS): “without passing the soil compartment”: Where 
does the groundwater go if it is used for irrigation? Isn’t it added to the soil? 
A: As we answered two comments above, GWSWUSE calculates net abstractions from 
groundwater resources and surface water resources (e.g. based on the irrigation water use 
model). Hence, water goes directly into evaporation or back to groundwater / surface water 
as return flow without passing the soil compartment. Action: no action is required. 
 
R1: P1596, L20 (P12,L31 in the revised MS): How do you attribute the difference in ET from 
WFD and WFDEI? High ET could be related to higher temperatures but how do precipitation 
differ in two datasets? 
A: The precipitation totals in both datasets differ only slightly (1979-2001 global average 
value for WFD: 110309 km³ yr-1; for WFDEI: 110812 km³ yr-1). The same holds true for 
temperature (WFD: 13.73 °C, WFDEI: 13.80 °C) and longwave downward radiation (WFD: 
325.71 W m-2, WFDEI: 325.01 W m-2) while shortwave downward radiation differs largely 
(WFD: 172.74 W m-2, WFDEI: 189.21 W m-2) (all values excluding Greenland, Antarctica and 
inland sinks to be consistent with Table 2). Hence, the shortwave radiation bias is the reason 
for higher AET with WFDEI. We stated this on P1609, L4 (P12,L26 in the revised MS). Action: 
We added the reason for the increase already on P1596, L22 (P12,L1 in the revised MS): 
“With WFDEI that is based on ERA-Interim, AET is around 70 000 km3 yr−1, compared to 65 
000 km3 yr−1 in case of WFD. This is caused by differences in the shortwave downward 
radiation (much higher in WFDEI) which impacts the net radiation as main input for 
calculating potential evapotranspiration after Priestley and Taylor (1972).” We added a 
footnote to Table 2 with the global numbers for WFD / WFDEI precipitation. 
 
R1: P1597 (P13 in the revised MS) and Fig 3: Significant spatial differences can be seen in 
Figure 3. More detailed explanation on the reasons would be appreciated. For example, why 
is ET so high around the great lakes in STRUCTURE-STANDARD? Likewise, what causes the 
huge blue blob in eastern China in NoCal-STANDARD? 
A: There are two separate reasons for the spatial differences the reviewer pointed to. 1. The 
difference of the Great Lakes between STRUCTURE and STANDARD: With STANDARD, the 
correction factors CFA have to be applied in order to reduce runoff from land surfaces (and 
thus increase evaporation) to achieve a good fit of simulated and observed river discharge in 
the river basin. Simply, in STANDARD, AET is too low in this basin. This is caused by 
evaporation reduction factor (P1615, L21-25 (P30,L24-27 in the revised MS)), which reduces 
evaporation from the Great Lakes to between ¼ and ½ from potential evaporation due to 
low modeled lake storages. Within STRUCTURE, no evaporation reduction factor is 
considered. Hence, the great lakes evaporate with PET within STRUCTURE, resulting in a 
much larger AET (and even more lower lake storages) of the 4 grid cells within STRUCTURE. 
Those grid cell values are unfortunately not visible in Fig. 3 as the outflow grid cells (where 
the whole water balance is modeled) are overlaid by the boundary of the lakes. As in 
STRUCTURE the lakes themselves evaporate much more than in STANDARD, AET in the 



surrounding land in the basin is much smaller in STRUCTURE than in STANDARD, hence the 
red blob occurs in Fig. 3. Consequently, RWR is higher (blue colors in Fig. 4) around the Great 
Lakes. Action: We added some sentences after P1597,L26 (P14,L3 in the revised MS): “In 
addition, more complex effects occur. The Great Lakes, for example, evaporate with PET in 
STRUCTURE, even when the lake storage is relatively low. This results in a relatively low 
modeled discharge which fits well to the observed ones. Hence, no correction factor (neither 
CFA nor CFS) is required in the Great Lakes basin. However, in STANDARD, the reduction 
factor reduces evaporation by up to ¾ of PET. The resulting higher modeled discharge has to 
be reduced by an increased AET in STANDARD (and in the other model variants) on the land 
around the lakes as compared to STRUCTURE (red areas around Great Lakes in Fig. 3).” 
2. The huge blue blob in eastern China in NoCal-STANDARD: The blue colors are mainly 
within the Yangtze River which is used for calibration. The calibration parameter γ  ranges 
between 0.1 and 0.5 which means that a high runoff from soil is modeled (P1618, L10 
(P32,L24 in the revised MS)). Within NoCal, values for γ  are globally set to 1.0. Thus, less 
runoff and more AET is modeled with NoCal compared to STANDARD. Action: We added the 
following sentences before P1597,L27 (P14,L11 in the revised MS): “Differences between 
NoCal and STANDARD are resulting due to the calibration parameter γ  which differs from 
1.0 (NoCal) in most cases in STANDARD (and the other model variants). For example, there 
are blue patterns in China and South America. In both regions, γ  is less than 1.0 in 
STANDARD which results in higher runoff and less modeled AET. In many other regions (red 
areas), γ  is greater than 1.0 in STANDARD.” 
 
R1: Figure 4: Why is NoUse missing in Figure 4? Adding it would make Figure 3 and 4 
identical and that makes it easy to follow. 
A: all model variants for Figure 4 are run without considering water use as we defined 
renewable water resources in this way on P1598, L21 (P15,L4 in the revised MS). However, 
Fig. 4 (a) was erroneously labeled as STANDARD while it is NoUse. Action: adapt the Figure 
(NoUse instead STANDARD) and change Figure caption to “Renewable water resources 
(mean annual runoff from each cell if water use is neglected) calculated by WaterGAP 2.2 
NoUse variant (a) and absolute differences to other variants (variants here run without 
considering water use) (b-e).”. Within the text (Sect. 3.3), we feel that no additional action is 
required. 
 
R1: Figure 4: Why is there a red blob in northwest India in the difference between in 
landcover-standard (c)? Specifically, why does land cover affect so hugely in some regions? 
A: We thank the reviewer for pointing that. We are sorry that we have missed to give some 
more explanation of the reason of those “blobs”. Those are the artifacts which we briefly 
mention on P1603, L18 (P20,L2 in the revised MS). In this study, we integrated for the first 
time the station correction factor CFS into the outputs of AET and RWR. We did this as 
follows: Firstly, the runoff from grid cells CRbasin is summed up for the river basin. Secondly, 
discharge at basin outlet that would occur without CFS is calculated by using the model 
output and CFS QsimnoCFS (by dividing the simulated discharge Qsim including CFS by CFS). 
Thirdly, the inflows from upstream basins are summed up (Qinflow). A correction factor fcrunoff 
is calculated as (Qsim - Qinflow)/(QsimnoCFS - Qinflow) and applied to each grid cell of the specific 
basin. This method enables the consistency of the global maps with the values given in Table 
2, as CFS is integrated there. For the Indus basin and LANDCOVER, fcrunoff is 2 meaning that all 
runoff values from the grid cell (which can be negative in those cases, when more water 
inflowing from the upstream grid cell is evaporated in (global) lakes and wetlands than is 



generated from precipitation in the grid cell) are multiplied. Within the red blob in 
northwest India (it is the Indus basin), the following happens: Figure 4 shows the runoff from 
grid cells which occur in model runs without water use. Qsim is nearly doubled and Qinflow is 
increased by around 30%, CRbasin is negative. When applying the correction method for 
taking into account CFS, fcrunoff gets a value of -60 due to inconsistent input data. Hence, all 
runoff values for the grid cells are multiplied by this factor. At the Indus, positive and 
negative runoff values occur which gets now unrealistic high. Again, the correction method 
attempts for a consistent visualization of RWR (and slightly adapted also AET) taken the CFS 
into account.  
 
After the submission of the manuscript, further analysis of this attempt to consistently 
integrate CFS into grid cell values of AET and RWR lead us to the conclusion that it is 
advisable to abstain from this approach because physically implausible AET and RWR values 
may result in some cases probably due to inconsistencies between precipitation input and 
observed discharge. For example, in grid cells without global lakes or wetlands, we obtained 
negative RWR due to the correction which is physically impossible. Action:  

1) We now show in Figs 3 and 4 model output that was not modified by the CFS 
correction as described above.  

2) We deleted the last sentence of section 3.2 “Moreover, in calibration basins, AET is 
adjusted in such a way that it is consistent with precipitation and simulated discharge 
and affected by correction factors CFA and CFS (calibration details see Appendix B).” 

3) As fifth and sixth sentence of section 3.1, we added: “For computing global values of 
AET and renewable water resources RWR, the values were adjusted in calibration 
basins using the station correction factor CFS such that a closed global water balance 
is achieved (for calibration details see Appendix B). Grid cell values of AET and RWR 
(Figs. 3 and 4), however, do not reflect CFS to avoid physically implausible values that 
likely result from inconsistencies between precipitation data and observed river 
discharge.”  

 
R1: P1599,L21 (Sect. 3.4.1 in the revised MS): It would be interesting to see NoCal in Fig. 5 if 
the limits are not way too off. 
A: Thanks, we added NoCal to Fig. 5 and modified figure header. In some basins, limits are 
way too off and sometimes only single months are shown. Action: We deleted at P1599, L21 
(not anymore in the revised MS) “(NoCal is not shown as the Y-axis would have a very large 
spread).” 
 
R1: Figure 5: I wonder why STRUCTURE does a very good job in Lena. Conversely, why does it 
show mediocre performance in Parana? Please discuss in more details. 
A: The STRUCTURE and the STANDARD variant differ concerning the representation of 
several processes. In the Parana river basin, the poor performance of STRUCTURE (compared 
to all other variants) results from the missing reservoir management algorithm. 
In the Lena river basin, the good performance of STRUCTURE is related to the flow velocity 
algorithm. The algorithm apparently underestimates flow velocity in the lower reaches 
(where bed slopes are very small) which leads to a shift in the mean monthly discharges. We 
added this explanation to Sect 3.4.1.   
 
R1: Figure 5: Please make the legends bigger. 
A: Thanks! Action: we increased the font size and line thickness of the legend. 



 
R1: P1600, L1-L11 (Sect. 3.4.1 in the revised MS): Please add more discussion on the varied 
response to different factors in different regions. 
A: We were concerned about the length of the paper of our initial submission, but we are 
happy to include more explanation. Action: We modified the text starting at P1599, L21 
(P16,L1 in the revised MS) to “Where seasonality of climate is high, like in the monsoon-
dominated Mekong basin, only marginal differences occur due to land cover and model 
structure. Structural model refinements have also important effects on discharge seasonality. 
For example, the constant flow velocity of STRUCTURE (in contrast to variable flow velocity in 
the other variants) leads to a higher peak in the Lena. Here, the variable flow velocity 
algorithm underestimates flow velocity in the lower reaches where bed slopes are very small. 
This leads to a strong underestimation of peak flow (which explains the improved seasonality 
of STRUCTURE compared to observed discharge in the Lena). The reservoir algorithm which is 
not enabled in STRUCTURE has impacts at the Yangtze, Rio Parana, Mississippi and the Volga 
in terms of smoothing the discharge. For the Rio Parana, this is the main influence in the 
STRUCTURE variant. The representation of snow in STANDARD leads to a more 
heterogeneous snow coverage as compared to the STRUCTURE variant. The strongest impact 
occurs for the Rhine, where the snow algorithm is the dominant reason for the differences to 
STRUCTURE. In STRUCTURE, the snow water storage of the Rhine headwater (Alps) is 
generally lower. In particular between May and October (the Alps are modeled as snow-free 
between June and September), this leads to a decrease of discharge as snowmelt cannot 
contribute any longer as it does in STANDARD. The importance of the climate forcing can be 
seen in the Mississippi and the Rhine where CLIMATE results in overestimated peak seasonal 
discharge. In the Danube, WFD/WFDEI climate input (in STANDARD) is particularly beneficial, 
as the fit to observed seasonality is much better than with CRU TS 3.2/GPCC v6 climate (in 
CLIMATE).  
For the Mackenzie River, all model variants are close to each other but far away from 
observations. Here, freezing and thawing of the river are not reproduced as none of the 
model variants represents these processes. Interestingly, the Lena river basin is also frozen 
during winter time but here, low flows are simulated quite well. In Amazon, the model 
variants underestimate the delay of peak discharge which might be explained by the lack of 
modeling dynamic floodplain inundation. 
 
The impact of alternative land cover is only slightly influencing discharge seasonality. Most 
effects occur at the Rhine, where CORINE-based land cover (variant LANDCOVER) consists 
dominantly of cropland. Many grid cells in the other model variants consists of mixed forest 
or cropland / natural vegetation mosaic which both have a lower albedo, resulting in more 
evaporation and less discharge especial in the summer months. Additional effects occur due 
to deeper roots at mixed forest class. Only for the Mackenzie, Lena and Yangtze, mean 
monthly river discharges of NoCal within the range of all other variants in some months. The 
NoCal values for the Orange river are so high that throughout the year, they are higher than 
the highest observed value (and the values of the other variants) (Fig. 5). This supports the 
use of a calibrated model for discharge analyses.” 
 
R1: P1601,Figure 7 (Sect. 3.5): It is not clear what the variable shown in 7(a) is? Is it the 
difference between the minima and maxima of the seasonal cycle of TWS? Please explain in 
the text. 



A: We indeed missed to explain how the seasonal variation was calculated. Action: modify 
sentence on P1601, L11 (P18,L1 in the revised MS): “The dominant seasonal changes of TWS 
can be characterized by the difference between the minimum and the maximum value of 
mean monthly TWS (1971-2000).” 
 
R1: P1602, L17-L26 (P19,L4 in the revised MS): Please consider revising some sentences to 
improve readability. 
A: We have revised the section (P19,L4 in the revised MS) to: “Discharge estimates differ due 
to the applied estimation method and precipitation data set. Mueller et al. (2013) do not 
consider precipitation undercatch correction and assume a global precipitation of ~ 99 000 
km3 yr-1 which is low compared to recent estimates of Schneider et al. (2014) (117 000 km3 yr-

1) or the values used in this study (Table 2). Regarding WaterGAP estimates of global 
discharge, model refinements have led to an increase of discharge. The value for STANDARD 
is approx. 450 km3 yr-1 higher than for STRUCTURE (Table 2), and previous estimates (Döll et 
al., 2003) are even lower as precipitation undercatch was not taken into account.”  
 
R1: P1604, L25 (P20, L30 in the revised MS): Why changes in ET and runoff compensate each 
other, given that the total input precipitation could be different? Does it mean that storage 
change is huge? 
A: The precipitation data which are used (CLIMATE: GPCCv6, WFD: GPCCv4, WFDEI: 
GPCCv5/v6) do not differ too much in the regions which are described in brackets (South 
East Asia, Australia, Saudi Arabia), but radiation differs. Thus, AET is higher and to keep the 
water balance, RWR is lower by approximately the same amount. Action: we have adapted 
the text, P. 1604, L25 (P20, L30 in the revised MS): “In those regions with similar 
precipitation amounts but different radiation, RWR decreases by the same amount as AET 
increased (e.g. South East Asia, Australia, Saudi Arabia). In other regions, no clear effect on 
RWR is detectable (e.g. North America).” 
 
R1: P1605,L17 (P21,L14 in the revised MS): In figure 5 why don’t we see any improvements 
in the Mackenzie as in Danube caused by the difference in snow melt timing? In general, 
please provide more detailed discussions. 
A: The Mackenzie River system is different to the Danube River in that the Mackenzie is 
freezing in the winter months, which is not considered in all model variants (see also P1600, 
L4 (P16,L22 in the revised MS). Action: we already have added some discussion at Page 1600 
(P16,L22 in the revised MS). 
 
R1: P1606,L20 (P22,L15 in the revised MS): Again, as I also noted earlier why does ET reduce 
when water use is considered? 
A: As we answered earlier, AET in Fig. 3 does not include the (additional) evaporation from 
WCa. Action: we rephrased the sentences P1606, L20 (P22,L15 in the revised MS): “In regions 
with intense water use, in particular from surface water bodies (e.g. in Pakistan), AET 
without considering additional evaporation from WCa (Table 2) is reduced due to human 
water use (Fig. 3e). This effect occurs because human water uses decrease surface water 
storages and thus the reduction factor (Appendix A5) decreases evaporation from surface 
water bodies.” In addition, we deleted the subsequent sentence. 
 
R1: P1606, L22 (not anymore in the revised MS): It is not clear why ET from irrigated crops in 
not considered in AET? Please explain this clearly in the manuscript here and elsewhere.  



A: We have already answered this above. 
 
R1: Table 2: P for CLIMATE: Is it possible to show the averages for WFD and WFDEI in the 
footnote. 
A: We added a footnote to Table 2: “mean annual P (1979-2001) is 110309 km3 yr-1  in WFD 
and 110812 km3 yr- 1 in WFDEI.” 
 
R1: Table 3: soil for STANDARD and NoUse: Why are they same? It is not clear where the 
irrigation water goes as it never affects soil water. Please clarify. 
A: As we have already stated, the soil compartment is not affected by water uses. Action: we 
extended to footnote a: “In WaterGAP, increase of soil water storage by irrigation is not 
taken into account such that storage values for STANDARD and NoUse variants are the 
same.” 
 
R1: Table 2, Column 1 (STANDARD): Is water consumption limited to the availability from 
surface water only? What is the -72 groundwater use? Is it return to groundwater from 
surface water use? Please clarify. 
A:  Yes, only net abstraction from surface water is limited by availability in WaterGAP while 
net abstractions from groundwater are unlimited as groundwater can be depleted. The 
negative global net groundwater abstractions (-72 km3 yr1) results from return flows from 
surface water irrigation to groundwater being larger than the groundwater abstractions for 
the global sum. Concerning spatial patterns of net groundwater and net surface water 
abstractions, please refer to Fig. 4 in Döll et al. 2012 (modeled with a different WaterGAP 
version but the general pattern is the same). Action: We modified footnote d to: “negative 
values indicate that return flows from irrigation with surface water exceed groundwater 
abstractions”.  
 
R1: Editorial Issues (I list some editorial issues below but the list may not be exhaustive. 
Please carefully proofread the manuscript before submission.) 
A:  We have carefully revised the manuscript according to the comments listed below and 
checked the manuscript carefully before submission. 
 
P1586: 
R1: L4: add “to” after “due” 
 
R1: L7: change “sum” to “total” 
 
R1: L15 onwards: The first paragraph of introduction looks a little patchy. Please consider re-
writing/re-structuring the whole section. 
R1: L20: delete “a” 
R1: L25: change ‘it’ to “they” 
R1: L26: It is not clear what it means by “estimation of groundwater recharge is equivalent to 
….”. Please clarify. 
R1: Page 1587: 
R1: L5: “strategies” to “methods/ways” 
R1: L6: “on the other hand” looks abrupt and awkward. Please re-phrase 
R1: L13: change “equations” to “schemes” or something alike 
R1: L20: change “yr” to “years” 



R1: L27: I suggest re-phrasing 
R1: P1588: 
R1: L10: “,while…” is not clear 
R1: L13: please revise this sentence 
R1: L13: change “of” to “in” 
R1: L14: “simulations of” should be “simulated by” 
A: Thank you for the detailed comments. We have re-written and re-structured the whole 
introduction and have included all the comments above.  
 
R1: P1590,L18: change “done” to “made” 
 
R1: P1591,L27: “(“ is missing. 
 
R1: P1596, L3: it should be “(RWR)” 
A: We also changed this to (AET) on P1597, L2. 
 
R1: P1598, L21: “RWR” is already defined. 
A: we have deleted “Renewable water resources”, thanks. 
 
R1: P1602,L20: “currently available” 
 
R1: P1603, section 4.2: You may want to use “advantages” or alike instead of “benefits”. 
 
R1: P1603,L16 (P19,L24 in the revised MS): Re-phrasing required. It should be “ET is largely 
reduced in one half of the basin ….” 
A: We modified the sentence to “AET is largely reduced in one half of the basin (and vice 
versa) at the river basin Yenisey at station Igarka (western Siberian Plain) when using 
alternative climate forcing”, thanks. 
 
R1: P1605, L13 (P21,L14 in the revised MS): This sentence is difficult to comprehend 
A: Thanks. We adapted the sentences to: P 1605, L3 (P21,L14 in the revised MS): “For 
example, the different elevations of the 100 subgrids used for the improved snow modeling 
(Schulze and Döll, 2004) lead to different temperatures (see Appendix A2) and thus to more 
differentiated snow melting within one 0.5° grid cell in STANDARD as compared to 
STRUCTURE where snow within the whole cell either melted or not on any day.” 
 
R1: P1608,L14: delete “well” 
A: deleted, thanks. 
 
R1: P1609,L19 (P25,L1 in the revised MS): “but also” please revise this sentence. 
A: We modified this sentence: “The improved representation of hydrological processes of 
WaterGAP within the last decade led to a more complex model structure. In most cases, 
those modifications resulted in a better fit to observed river discharge.” 
 
R1: P1609, L27 (P25,L9 in the revised MS): please replace “weak” by a better term. 
A: we replaced “weak” by “poor”, thanks. 
 
R1: P1615,L5 (P25,L8 in the revised MS): please add “,” before “which”. 



A: added, thanks. 
 
R1: Table 1: “Like STANDARD”: change to “Similar to STANDARD” 
A: changed, thanks. 
 
R1: Table 1: change “land cover of the…” to “land cover for the…” 
A: changed, thanks. 
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New Figure 3, without considering CFS.

 

Figure 1. Actual evapotranspiration AET for STANDARD (mean value 1971-2000, in mm yr-1) 
(a) and differences between the model variants and STANDARD in mm yr-1 (b-f). 



New Figure 4, without considering CFS.

 

Figure 2. Renewable water resources (mean annual runoff from each cell if water use is 
neglected) calculated by WaterGAP 2.2 NoUse variant (a) and differences to other variants 
(variants here run without considering water use) (b-e). 



New Figure 5, including now NoCal (purple line) and greater line widths.

 

Figure 3. Discharge seasonality for selected basins and the calibrated model variants. Values 
for NoCal are only visible if they are in the range of calibrated model variants. 

 



Anonymous Referee #2 
The original comments of Referee #2 are in black color and indicated by “R2:”. Replies by the 
authors (“A”) are colored in green. Actions are introduced by “Action:”, changes in the 
manuscript are in italics. 

 
This paper explores the sensitivity of a number of hydrological indicators to five 
perturbations of the WaterGAP GHM; changes in 1) climate (using different climate forcing 
datasets for 1971-2000), 2) land-cover (using different homogenised land-cover datasets), 3) 
structure (not different model parameters but an exploration of the effect of implementing 
new parameterisation schemes), 4) human water use, and 5) whether 
the model is calibrated or not. 
It’s nice to see a paper that explores uncertainties within a macro-scale hydrological model. 
Papers like this are quite common within the catchment-scale hydrological modelling 
community so it’s good to see the practice transfer to larger-scale models because there is a 
need to understand the uncertainties that are inherent within individual global hydrological 
models (GHMs) and not only across different GHMs. To this end, I consider the article to be a 
valuable contribution but I would like the authors to address my comments below. 

A: We thank the reviewer for the detailed and constructive comments. We will answer the 
comments below. 

 
General comments ————————- 
R2: 1) It could be argued that there is little value in the NoCal-STANDARD comparisons that 
appear throughout the paper. This is because all GHMs to some extent will be calibrated, 
whether it is through a comprehensive basin-level calibration with a runoff correction factor 
(e.g. WaterGAP), or simply by tuning model parameters until there is a good fit (e.g. 
MacPDM). No model will ever be used without some level of tuning having taken place 
during the model development stage. Thus the NoCAL-STANDARD maps that show large 
differences (e.g. Fig 7 and Fig 9) is hardly surprising and offers little value to the paper. It 
could also be argued that the inclusion of this comparison skews the conclusions of the 
paper, because it would be considered infeasible and inappropriate to run a model that had 
not been tuned or calibrated at any point during its construction. To put it another way, it’s a 
bit like comparing the STANDARD model with a model where the LAI parameter for each 
vegetation type is increased by 200%, to explore the effect of vegetation parameterisation. 
While this would tell us something about how hydrological response is sensitive to LAI, the 
leaf sizes would be unrealistic in some cases, so a comparison of the two simulations would 
be nonsensical. In the same way, here the authors are indirectly suggesting that it would be 
feasible to run an un-calibrated model, when of course it is not. I suggest that the authors 
either miss out the NoCal comparisons from a revised version of the manuscript or that they 
provide a rigorous justification for why they make the NoCal comparisons. If the authors 
decide to keep the NoCal comparisons, then can they also please explain clearly and 
concisely, which parameters are calibrated in the STANDARD version – i.e. is it only γ , CFA 
and CFS that are perturbed during calibration, or are other parameters related to, for 
instance, interception capacity, rooting depth, and field capacity etc. perturbed too? 
A: We thank the reviewer for raising this important point and the reviewer’s concerns. We 
have done the NoCal – analyses to analyze, how a basin-specific objective calibration of one 
to three parameters to long term averaged discharge impacts the model results. The 



motivation of WaterGAP is to assess water relevant problems, therefore a good 
representation of observed long term averaged discharge is a prerequisite. During 
development of WaterGAP this could not be achieved by tuning model parameters globally 
(i.e. adjusting certain parameters like vegetation-specific LAI) in the way the reviewer 
described it in the first sentences without leaving plausible ranges or modify parameters e.g. 
for specific regions. Looking at results from global models without basin-specific calibration, 
they often do result in quite biased mean river discharge for individual basins. 
 
During the applied calibration, only γ  and up to two correction factors are modified by using 
an objective calibration approach (all other parameters are not perturbed and therefore 
equal throughout all model variants). This is state-of-the-art in (catchment) hydrology, even 
if normally more parameters are calibrated. We feel that the effect of such basin-specific 
calibration is of interest. In the revised manuscript we still include the NoCal comparisons 
but explain the motivation better by adding a paragraph in the introduction and the new 
section 2.2.5 where the reason for investigating the NoCal variant is described. 
 

R2: 2) It’s good to see that the authors acknowledge on line 11 of page 1589 (end of Sect. 1 
in the revised MS) that they neglect parameter uncertainty. It is not unreasonable to assume 
that the uncertainty that might have arisen from running a perturbed parameter ensemble 
with the GHM would have been as large as the greatest source of uncertainty identified by 
the authors and this should be mentioned in the Discussion. This is often the case with 
climate modelling experiments that have run PPEs (e.g. see Rowlands et al. 2012 and Collins 
et al. 2006). To some extent, recent multi-GHM climate change impact assessments 
(Prudhomme et al. 2013; Davie et al. 2013; Hagemann et al. 2013) provide a glimpse of the 
range of uncertainty that can arise from different GHM structures, although strictly, GHM 
structure is not explored systematically in those cases. 
A: We thank the reviewer for the explanation on parameter uncertainty and the additional 
references. In the revised manuscript, we added to the introduction (P5,L25 in the revised 
MS) “As previous studies (Kaspar, 2003; Schumacher et al., 2014; Werth and Güntner, 2010) 
have already investigated both parameter sensitivity and uncertainty, and due to length 
issues, this is not focus of this study.”. In addition, we added as the last sentence of the 
discussion: “This discussion on the dominant type of uncertainty does not take into account 
parameter uncertainty which is a major additional source of uncertainty (Kaspar, 2003).” 
 
R2: 3) This is related to 2) above. It is worth discussing that one of the reasons the 
simulations appeared less sensitive to land-cover than the other modifications, is because 
the parameters associated with each land-cover class were kept constant. The differences 
would probably have been much larger if land-cover-associated parameters were modified 
(e.g. LAI, interception capacity, surface roughness etc.), especially those related 
to PET. 
A: Thanks, we agree and we added the sentence “The effect of different land cover input 
would probably increase when the belonging attributes were also modified. “ as third 
sentence to Sect. 4.3.  
 
Specific comments ———————— 
R2: 1) The abstract includes a lot of information and it is rather long. I suggest reducing the 
amount of text included in the abstract. Moreover, lines 15-25 of the abstract could be 



shortened and it could be stated more concisely the order (increasing or decreasing) in 
which each uncertainty impacts on one chosen hydrological indicator (e.g. Q, or AET). 
A: We thank the reviewer for highlighting the necessity to streamline the abstract. We have 
shortened the abstract, and stated more concisely the order.  
 
R2: 2) Lines 6-23, page 1592 (Sect 2.2.1). Can the authors please clarify whether for both 
CLIMATE datasets they forced WaterGAP with monthly data, or daily data (disaggregated 
from monthly means). 
A: We thank the reviewer for pointing this misunderstanding. For the CLIMATE variant we 
used monthly CRU/GPCC input which are disaggregated to daily values (described in Döll et 
al., 2003). For all other variants, we used WFD/WFDEI which are available in a daily 
resolution (as stated at P1591,L19-22 (P7,L24 in the revised MS)). To make it more clearer, 
we added at P1592 L9 (P8,L13 in the revised MS) the sentence: “Monthly means are 
disaggregated to daily values within WaterGAP (Döll et al., 2003).” 
 
R2: 3) Line 10, page 1592 (P8,L15 in the revised MS), should “e.g. wind undercatch” actually 
be “e.g. precipitation undercatch”? 
A: We thank the reviewer. We modify the phrase to “wind induced precipitation 
undercatch”. 
 
R2: 4) Line 6, page 1593 (P9,L8 in the revised MS), please write fully what IGBP stands for. 
A: IGBP stands for International Geosphere-Biosphere Programme, we added this.  
 
R2: 5) Figure 2 – it would be useful to include a third map that shows areas where there is 
different land-use according to the two sources of information. Grid cells where there is a 
difference could be shaded in a single colour. While this would be quite a simple map, it 
would make it easier to observe where the differences are. 
A: We thank the reviewer for this good idea, and included such a map as a third map in the 
new Fig. 2.  
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New Figure 2, including a third map showing grid cells where land cover class has changed 
due to different landcover input. 

 
Figure 4. Land cover maps with a spatial resolution of 0.5° used as WaterGAP input based on 
MODIS observations for the year 2004 (variant STANDARD) (a), land cover derived from 
USGS GLCC but CORINE for Europe reflecting land cover distribution around the year 2000 
(variant LANDCOVER) (b), and identification of grid cells where land cover class has changed 
due to different input data (c). 

 

  



Answer to the Editors decision letter 

The original comments of the Editor are in black color and indicated by “E:”. Replies by the 
authors (“A”) are colored in green. Actions are introduced by “Action:”, changes in the 
manuscript are in italics. 

 

E: Dear authors, 
 
Thanks for your detailed online discussion replies. According to the referees’ comments the 
manuscript is generally suitable for HESS but still requires major revisions. Therefore, please 
prepare a revised manuscript and respond to all reviewer comments. The revised manuscript 
will then be re-reviewed by at least one reviewer. 

A: Thank you very much for the possibility to improve the manuscript and your helpful 
comments. 
 
I’d also like to add a few suggestions. As both reviewers criticized the negligence of 
parameter uncertainty, please take this comment seriously. Besides the suggested 
mentioning of previous studies in the revised ms, it would further be useful to add 
quantitative ranges on the amount of uncertainty that these studies found in order to fully 
respond to the referees concern over whether parameter uncertainty alone may be greater 
than other uncertainty ranges discussed/shown. 

A: We have looked carefully through the previous work which focuses on parameter 
uncertainty and sensitivity for WaterGAP (Kaspar, 2003; Schumacher et al., 2014; Werth and 
Güntner, 2010) and can state what parameters are most sensitive / uncertain but from that 
we cannot provide quantitative ranges about the parameter uncertainty. Furthermore, 
adding a thorough study on parameter uncertainty would probably exceed a normal 
manuscript length but this is very interesting for future analyses. We have modified the 
introduction (6th paragraph) and the discussion (Sect. 4.6). 
 
E: The NoCal run is apparently not entirely uncalibrated. Please be fully transparent on what 
exactly was tuned/calibrated/adjusted for this run. 

A: The calibration in WaterGAP only adjusts the soil outflow parameter γ and up to two 
correction factors (area correction factor CFA, station correction factor CFS) that are used, if 
the modification of γ alone is not sufficient to simulate long term average discharge with 
only one percent deviation from the observed value. All the other parameters and attributes 
are taken from literature or previous model versions without any calibration in such a basin-
specific manner. We added a new Sect. 2.2.5 describing this, additionally to the introduction. 
Furthermore, we added Sect. 2.2.4 Human water use to be consistent with the title. 
 
E: The rebuttal to R2 3) is not entirely convincing because R2 attributes the lack of sensitivity 
to the fact that landcover parameters weren’t changed, whereas you reply that the lack of 
sensitivity is due to the abrupt land cover type change is minor. These are two different 
things unless it is made clear in the paper how both are related in the experiment. The 



concerns illustrate however that not everything is clear here and this then requires some 
clarification in the text. 

A: Thank you. We indeed have misinterpreted the referee comment. It is true, the 
parameters of the land cover types were kept constant. If we would manipulate the 
parameters of the land cover types and the spatial distribution at the same time, it is not 
possible to distinguish the reason for changes in the results. We stated above (and in the 
Appendix of the manuscript) that none of the land cover related parameters is used for 
calibration in WaterGAP. Action: we modified our answer to this comment and added into 
the introduction the findings of Kaspar (2003), Werth and Güntner (2010) and Schumacher 
et al. (2014), pointing out that evaporation (and landcover) related parameters are 
uncertain. In addition, we hopefully clarified the calibration approach by the new 
introduction and Section 2.2.5. 

E: Similarly some of the rebuttals to R1’s detailed questions don’t directly answer the posed 
question but turn to some related issue. Please review your rebuttal carefully in this respect. 

A: We have looked carefully through R1 questions and our answers and found out that we 
should extend our last sentence of our answer to R1: P1591, L19 (P7,L24 in the revised MS) 
by including a discussion of the storage behavior resulting from the change in climate forcing 
and to R1 P1596, L20 (P7,L3 in the revised MS) by adding that radiation information is 
essential for WaterGAP as the Priestley-Taylor equation is used. We feel, that we have 
answered sufficiently all the other comments of R1. 

E: I seem to remember that differences of WFD and WFDEI and their effects on global land 
surface modelling have been described in other publications. If this is indeed the case (and 
you likely know this better than I) please consider these in your interpretation and rebuttal 
and cite them. 

A: We checked that point again carefully. To our knowledge, there is currently no paper 
published where the inconsistency between WFD and WFDEI is described. 

E: New Fig. 3 (Fig. 5 in the revised MS) The thickness of the lines in the graphs and the legend 
differs – needs to be the same. I suggest thicker in Figure as at present the line colors are 
very hard to distinguish. 

A: Thank you. We increased the thickness of the lines in the graphs that it is consistent with 
the legend. 

E: A general comment: please refrain from ‘please note….’ sentences in the manuscript. If 
information on assumptions for parameterisation and other methods is needed then these 
should be stated comprehensively as such within the methods description and not be added 
ad hoc as a response to reviewer-requested clarifications. 

A: Thank you for this suggestion. We have modified these sentence beginnings. A moving to 
the methods section was not possible as the model description is within the Appendix and 
we feel that we need to clarify at least the important point that AET does not contain 
evaporation from water use within the results section. 



E: Finally, I side with the referee who criticised that the abstract is not concise. This is a 
formal evaluation criterion for acceptance of a manuscript for HESS. Whereas HESS doesn’t 
have a word limit, the normal ballpark for an abstract is 250-300 words and yours is at least 
twice that and indeed not concise in its content. I am sure the senior co-authors can pitch in 
to make the abstract concise. 

A: Thank you. We have shortened the abstract from 515 to 344 words. 

E: I am looking forward to reading the revised manuscript. 

A: Again, thank you for your kind help. 
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