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OVERALL COMMENTS

| read this paper with interest, as it shares some overlap with my own research. In
this manuscript, the authors set out to answer two questions stated in the introduction:
(quoted from text)

(i) What is the impact of capillary rise on crop yield and downward leaching of water?
(i) What is the impact of soil types on capillary rise?

Understanding soil hydrology in agroecosystems is very important in the global context
of sustainably increasing agricultural production while protecting water resources, and
there is still uncertainty regarding the sources of water used by crops. However, these
questions are rather broad, which | believe contributes to significant issues with the
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paper’s narrative. Overall, my recommendation is that this manuscript be rejected, for
three primary reasons which are elaborated on in more detail below. After significant
revisions, the paper may be suitable for a journal with a narrower disciplinary focus
such as Agricultural Water Management instead, but as it is currently written there are
not wide-reaching implications for this study that justifies a more generalist journal such
as HESS.

MAJOR CONCERNS
CONCERN 1: Lack of Clarity Regarding Experimental Design

| do not understand the implementation of hydrological boundary condition b (“free
drainage with capillary rise”). In my understanding, free drainage is typically imple-
mented by setting the bottom boundary condition to a 0 pressure head gradient, which
means that the total hydraulic head gradient is equal to 1 (dH/dz=dz/dz). In the SWAP
manual, and it states that under free drainage boundary conditions there is downward
flow out of the bottom boundary at a rate equal to the hydraulic conductivity of the bot-
tommost soil layer (see equation 2.20 in SWAP manual), which would mean capillary
rise through the bottom boundary is not possible.

Therefore, it seems that the authors define capillary rise as any water that moves up-
ward across the depth in the soil column which is defined as the bottom of the root
zone (line 180, “We calculated capillary rise as the upward flux at the bottom of the
root zone”). Several points of clarification are needed. Is this the same boundary at
which the free drainage condition is defined, or is free drainage defined at the bottom
of the soil column (the depth of which is not stated) and the capillary rise boundary
condition turned on/off at the bottom of the root zone? Could the authors describe in
more detail how the Richards Equation is implemented such that water movement is
only permitted in a downward direction — are there separate upwards and downwards
hydraulic conductivities in the vertical direction, as implied in lines 190-192, or are both
upwards and downwards conductivities reduced at the bottom of the root zone? If so,
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is this physically realistic, or simply a modeling experiment? | note that the authors
of the study are the developers of the SWAP model, so perhaps things which seem
obvious to them are not quite as clear to the readers (such as myself). Given that
the difference between the three boundary conditions is the fundamental concept upon
which the entire study is based, it is essential that these boundary conditions are clear
and defensible, and they currently are not. They reference a previous study (Kroes and
Supit, 2011) which introduces the coupled SWAP-WOFOST model, but this boundary
condition is not used in the previous study.

Also, if my above interpretation of the boundary conditions are correct, it seems that
the authors’ results would be highly sensitive to the depth of the soil column relative to
the depth of the rooting zone, as the difference between these two depths provides the
“deep soil moisture” that is allowed to move upwards through the bottom boundary of
the root zone and therefore constitutes capillary rise in their simulations. How was the
total soil column depth selected, and how sensitive are the results to this decision?

CONCERN 2: Lack of Narrative Discretion

Overall, the paper’s narrative requires significant work. | feel that the authors in-
clude too much information. While it is evident that the authors did quite a bit
of work, it is also important to distill the results to aid the reader in interpret-
ing and understanding how they relate to the study’s research questions; | am re-
minded of the quote, “If | had more time | would have written a shorter letter”
(http://quoteinvestigator.com/2012/04/28/shorter-letter/). Their figures and tables seem
to consist of a laundry list of all their results, when it is the job of the author to synthe-
size and condense their results to a coherent message. A more effective paper would
synthesize the key messages from these plots to a smaller number of figures targeted
closely at their specific research questions, and present the full results in the supple-
mentary material as necessary. For example, figures 4, 6, and 8 only have a few actual
observed data points in them; they could easily be condensed into a single scatterplot,
color-coded by research site.
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The other aspect of the narrative, the framing of the study in the Introduction section
and situating their results in the literature via the Discussion section, seem incomplete.
In the Introduction section, they describe several studies that find that capillary rise from
groundwater into the root zone can be an important source of water to crops. The im-
portance of capillary rise to crops in shallow groundwater environments is well known;
in addition to the studies cited, many others have found this to be the case (Kang et al.,
2001; Sepaskhah et al., 2003; Ghamarnia et al., 2010; Luo and Sophocleous, 2010;
Huo et al., 2012; Xu et al., 2013; Talebnejad and Sepaskhah, 2015; Han et al., 2015).
Similarly, their comparison of yield difference between cases including groundwater vs
those with free drainage seems analogous the concept of groundwater yield subsidy
of Zipper et al. (2015). Therefore, it is key for the authors to identify a knowledge gap
in the literature that they propose to fill; the closest they come is the statement, “This
paper quantifies the effects of capillary rise on crop growth under different conditions of
soil hydrology, soil type and weather.” (Lines 94-95). Identifying the relative importance
of different drivers (soil, crop choice, weather) to variability in the capillary contribution
of groundwater to crop water requirements, but this is not clearly motivated in the intro-
duction, included in the research questions, or answered by the results. (And, as noted
in concern #1, | am not convinced their method is appropriate to answer this question).
there is no analysis conducted or information given about weather conditions, which
is presumably driving much of the interannual variability observed in plots. Nor are
any conclusions discussed regarding the impact of weather on capillary rise. Nor are
there any cross-site analyses or discussion of variability in soil texture or crop type.
Thus, it is hard to say what lessons can be learned from the data presented here. The
Discussion is brief (<1 page) and could be enhanced by situating their results within
the existing body of literature detailing the importance of capillary rise to crop water
requirements; see the studies referenced above. As mentioned above, the questions
the authors’ research questions are broad, so expanding the discussion can help make
clear what new contribution their results add to the existing body of literature.

CONCERN 3: Issues in Tables/Figures
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Figures are the key to any paper and there are many fundamental flaws or oversights
here. 4A¢ Figure 2 does not have a legend explaining what the colors mean. | under-
stand that 72 different types of soils is too many to display in a legend, but perhaps
there are general categories such as those used in Figure 9? 4Aé Figures 3-8 do not
have axis labels. aAé In Figure 7 (top panel), the observed groundwater levels are
provided to the model as a bottom boundary condition, and are therefore not an ap-
propriate validation dataset. 4A¢ In general it is takes quite a lot of effort to determine
what plots correspond to what scenarios. For example, in the text it states “Observed
groundwater levels were used as a lower boundary condition for Borgerswold” (lines
166-167). To determine which plot this was, | then had to go to Table 1 (or Table 3) to
determine the case study number, and then look at plots until | found the groundwater
levels corresponding to Case Study 5. Perhaps the case studies could be given more
descriptive names based on the location and crop (e.g. case study 1 = DM-Grass,
case study 2 = DM-Maize, case study 3 = C-Maize, etc.) to aid in interpretation of
the figures. 4A¢ In the context of yield, | do not understand what the continuous lines
showing simulation results are (e.g. in Figure 8); yield is typically measured at the time
of harvest. Perhaps “dry biomass” would be a more accurate term? 4A¢ The axes cho-
sen cut off parts of data in some plots; for example, parts of the boxplots are missing
from Figures 9, 11, 12 (upper right panel).

There are also quite a few tables, which could be condensed: 4A¢ Tables 1-3 all have
the same first column and can be combined 4A¢ Table 4 has no information which is not
already presented in the text 4A¢ In Table 5, | do not think that Nash-Sutcliffe Efficiency
is an appropriate metric for evaluating yield, as the authors are typically comparing a
single annual observed point to a timeseries of model output; typically, NSE is used for
comparing timeseries data (e.g. a hydrograph).

OTHER, MINOR COMMENTS

While readable, throughout the manuscript there are issues with the writing, grammar,
and punctuation; a careful proofreading of the manuscript should be able to fix these
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problems.

Lines 45-46: “This is especially the case in delta areas where high population densities
occur and agriculture is the predominant land use” — this seems to be mutually exclu-
sive? Are the deltas urbanized or agriculture? Or, are the authors trying to say that
there are dense cities surrounded by agriculture and thus potentially competing water
users?

REFERENCES IN REVIEW:

Ghamarnia, H., M. Golamian, S. Sepehri, and I. Arji. 2010. Shallow groundwater use
by Safflower (Carthamus tinctorius L.) in a semi-arid region. Irrig. Sci. 29(2): 147-156.

Han, M., C. Zhao, J. Simlnek, and G. Feng. 2015. Evaluating the impact of ground-
water on cotton growth and root zone water balance using Hydrus-1D coupled with a
crop growth model. Agric. Water Manag. 160: 64—75.

Huo, Z., S. Feng, G. Huang, Y. Zheng, Y. Wang, and P. Guo. 2012. Effect of ground-
water level depth and irrigation amount on water fluxes at the groundwater table and
water use of wheat. Irrig. Drain. 61(3): 348-356.

Kang, S., F. Zhang, X. Hu, P. Jerie, and L. Zhang. 2001. Effects of shallow water table
on capillary contribution, evapotranspiration, and crop coefficient of maize and winter
wheat in a semi-arid region. Crop Pasture Sci. 52(3): 317-327.

Kroes, J.G., and |. Supit. 2011. Impact analysis of drought, water excess and salinity
on grass production in The Netherlands using historical and future climate data. Agric.
Ecosyst. Environ. 144(1): 370-381.

Luo, VY., and M. Sophocleous. 2010. Seasonal groundwater contribution to crop-water
use assessed with lysimeter observations and model simulations. J. Hydrol. 389(3—4):
325-335.

Sepaskhah, A.R., A. Kanooni, and M.M. Ghasemi. 2003. Estimating water table con-
C6

HESSD

Interactive
comment



http://www.hydrol-earth-syst-sci-discuss.net/
http://www.hydrol-earth-syst-sci-discuss.net/hess-2016-598/hess-2016-598-RC1-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/hess-2016-598
http://creativecommons.org/licenses/by/3.0/

tributions to corn and sorghum water use. Agric. Water Manag. 58(1): 67-79.

Talebnejad, R., and A.R. Sepaskhah. 2015. Effect of different saline groundwater
depths and irrigation water salinities on yield and water use of quinoa in lysimeter.
Agric. Water Manag. 148: 177-188.

Xu, X., G. Huang, C. Sun, L.S. Pereira, T.B. Ramos, Q. Huang, and Y. Hao. 2013.
Assessing the effects of water table depth on water use, soil salinity and wheat yield:
Searching for a target depth for irrigated areas in the upper Yellow River basin. Agric.
Water Manag. 125: 46—60.

Zipper, S.C., M.E. Soylu, E.G. Booth, and S.P. Loheide. 2015. Untangling the effects of
shallow groundwater and soil texture as drivers of subfield-scale yield variability. Water
Resour. Res. 51(8): 6338—6358.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016-598, 2016.

C7

HESSD

Interactive
comment

®

BY

 Printeriondy version
~ Discussionpaper


http://www.hydrol-earth-syst-sci-discuss.net/
http://www.hydrol-earth-syst-sci-discuss.net/hess-2016-598/hess-2016-598-RC1-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/hess-2016-598
http://creativecommons.org/licenses/by/3.0/

