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Avrticle title: Assessment of food trade impacts on water, food, and land security in the MENA region
Authors: Sang-Hyun Lee, Rabi H. Mohtar, Seung-Hwan Yoo

Dear reviewer and editor,

thank you for considering the manuscript for publication in the HESS and in-depth review of the
manuscript. We believe food trade bring important impacts on water-food-lands management in the
MENA region. Therefore, this study focused on quantifying domestic water-lands savings by food trade,
and we analyzed the virtual water trade in terms of volume and connectivity.

In reviewer’s comments, we identified the main critiques directed towards the weak explanation of the
situation of the MENA region, limitations and contribution of this study, and proposed methodology.
We have made substantial changes to the manuscript to improve upon these points. For example, in
revised manuscript, we added more reference studies for identifying the situation of the MENA region,
and clarify the limitation of this study in terms of policy application for example, only historical data
use and lack of geopolitical issues. In addition, we rewrote the methodology of eigenvector centrality
with more references, and added more explanation about the difference between water saving and
virtual water import. On the next pages you will find an overview of changes and a point-by-point reply
to specific comments.

We appreciate again your thoughtful comments, and look forward to hearing your reply.

Kind regards, on behalf of all co-authors,
Sanghyun Lee



Overview of changes

A general comment

Generally, the methods are concisely described, figures are mostly meaningful, tables support the
text, yet both of the two latter can be enhanced. There are some occassions where statements are
unnecessary or unproven which should be revised (see specific comments below). The
introduction cites many valid references, but | think that the manuscript should discuss many
more. | had a very quick search for "food nexus MENA" in ScienceDirect which brought the
following results that definitely should be discussed:

I am sure, there are many more, but | tend to leave this research to the authors. | also miss a
discussion of the analysis that is solely based on the data from the last years with different societal,
political and environmental aspects; currently, the manuscript only shows the changes in food
supply security and interprets the results without considering the bounding conditions for the
MENA countries, which strongly differ.

Finally, I think that especially the conclusions section should be more detailed and overhauled -
currently, this is only a collection of vague statements, but the analysis and the presented results
show much more potential of detailed conclusions; for example, the results could be synthesized
for all the countries of focus in a comparable way. If the authors can address the issues above
(broader coverage/discussion of relevant publications, country-specific aspects influencing food
trade, clearer conclusions) together with the specific comments listed below, | suggest the editors
to accept the manuscript for publication. If the authors consider my comments to be valuable, |
would be available for a second revision.

=> We tried to revised the paper with your comments. Please find the overview of changes and point-
by-point reply to specific comments. In terms of general comments, first we revised the introduction
by adding more references about the situation of the MENA region, and added more explanation
about the differences between water saving and virtual water import. In addition, we added more
limitations in terms of spatial and temporal issues of VWT, and mentioned contribution and future
works in conclusions. Finally, we checked entire manuscript and revised some paragraph and typo.
On the next pages you will find the overview of these changes, and a point-by-point reply to specific
comment.



1. We revised the introduction by adding more references about the situation of the MENA
region.
Page 1: Line 27— Line 36
Food security and water scarcity are urgent socio-economic and environmental issues in the
Middle East and North Africa (MENA) region (Saladini et al., 2018), which are highly
interlinked, and Water-Energy-Food Nexus has been suggested as a proper and integrated
approach for resource management (Bazilian et al., 2011; Rasul, 2014; Mohtar and Daher,
2014; Lee et al., 2018). For example, food security in the MENA region has become
complicated by increased risks owing to the geopolitical challenges and inability to satisfy
needs with domestic production because of the lack of adequate arable land and water
resources (Rastoin and Cheriet, 2010). In addition, food imbalance in the MENA region is
forecast to reach 60 % in 2050 and food security in MENA region could be extremely
compromised (Rastoin and Cheriet, 2010). Climate change could lead to more frequent
occurrence of extreme climatic events in Mediterranean region, accompanying 50 % decrease
of agricultural production by the end of the century (Porter et al., 2014). In particular, water
saving through food trade can be suggested as a solution for mitigating groundwater depletion
in the MENA region (Lezzaik et al., 2018).

2. We added more explanation about the differences between water saving and virtual
water import.
Page 4: Line 133— Line 144
Food import is also related to domestic water and lands savings. In particular water saving has
a different meaning from virtual water import. For example, Saudi Arabia imported wheat
from various exporters and virtual water import indicates the sum of the products obtained
from multiplying the quantity of imported wheat by the respective water footprint of each
exporter. However, water saving indicates the amount of water needed to produce the same
quantity of imported products domestically. Therefore, water saving by wheat import in Saudi
Arabia is estimated by multiplying the quantity of imported wheat with the water footprint of
wheat in Saudi Arabia.
In this study, we applied green and blue water footprints of crops in each country in the MENA
region, as shown in Table 1. However, the availability of water footprint data in the MENA
region was limited in some cases. For example, the water footprint of wheat was available in
all countries except for Bahrain. Lands saving has the same implication as water savings, thus
we calculated lands saving using land footprint of each country in the MENA region, as shown
in Table 2. The land footprint indicates the land requirement for producing 1 ton of crops, and
it was calculated based on the harvest area and crop production data collected from FAOSTAT
(Table 1).



3. We revised the entire part of section 3.1 to clarity the results.
Page 6: Line 219— Line 238
This study considered trade-offs between food security and food trade in terms of national
resource management. For example, the increase of domestic food products instead of imports
of them could be one policy for food security but additional water and land for domestic
products would be considered at the same time. In other words, food imports could contribute
domestic water and land management, therefore, we estimated the national water and land
savings by importing crops as shown in Table 3. In Saudi Arabia, blue water savings by barley,
maize, and wheat imports were estimated to 5.0, 2.0 and 0.8billion mJyear, respectively. In
comparison to the internal water resource of Saudi Arabia which is 2.4 billion m3year as
shown Table 1(World Bank, 2014), the water saving through import of barley, maize, and
wheat could be considered as significant amount in Saudi Arabia. In the case of Egypt, most
of the water saving occurred based on the imports of wheat and maize. Approximately 7.5
billion m3year of blue water was saved by importing wheat. Specifically, the internal water
resources in Egypt are only 1.8 billion m3year (Table 1), therefore, water scarcity could be an
issue for food security policy in Egypt. Lebanon was strongly influenced by the impact of crop
import on land savings. Approximately 0.24 million ha could be saved by crop imports,
comprising 36% of the agricultural area in Lebanon, that indicates that the crop trade in
Lebanon has significant benefits in terms of land resources compared to water resources.
Food imports could be regarded as a negative factor in food security, and it is obvious that
food security would accompany water and lands for domestic food products. These results
showed that food imports could bring positive impacts on numerous water and lands savings
in the MENA region. However, there are limitations of these results. First, water saving
estimated in this study was based on the hypothetical situation that meat there were no
international trade situation, and sometimes it was larger than the internal water resources in
some countries such as Saudi Arabia and Egypt. Additionally, some crops are required for the
specific type of climate but this study assumed that MENA region was suitable for cultivating
maize, wheat, barley, and rice.

4. In previous version, virtual water import diagram of only Lebanon was showed as a case
but in revised version, we added virtual water import diagram of total MENA region and
added explanation in section 3.3.

Page 8: Line 289 —Line 297

From 2000 to 2012, both the volume and connectivity of VWT was changed. For example, the
virtual water imported in the MENA region slightly increased and the VWT was distributed
with more exporters in 2006, as shown in Figure 4. However, the volume of virtual water
imported in the MENA region was increased more than 50 % from 2006 to 2012 but the
distribution of VWT seemed to consistent. In case of Lebanon, VWT in Lebanon was strongly
dependent on the USA, Argentina, and Australia. However, Lebanon expended the VWT in
2006 and Russian Federation, Turkey, and Kazakhstan, contributed to virtual water imports in
Lebanon, as shown in Figure 4. Accordingly, the structure of VWT in Lebanon approached a
distributed network. However, the VWT in 2012 showed that it was dominated by Ukraine
and Russian Federation, though Lebanon imported more virtual water in 2012 than 2006.
Figure 4. Virtual water imports at the MENA region and Lebanon in 2000, 2006, and 2012



5.

6.

7.

We added more limitations in terms of spatial and temporal issues of VWT.

Page 9: Line 358— Line 363

Third, there are spatial and temporal issues of VWT in the study. The VWT could be affected
by geopolitical issues such as topography, and distances between importers and exporters. For
example, the changes of exporting countries in the MENA region could be related to energy
use for transporting products, thus trade policy should consider the economic benefit or cost
of transportation. Therefore, the VWT should be discussed with geopolitical issues such as
benefit and cost of transportation. In addition, VWT and water-lands savings by food trade in
this study were calculated based on historical database, thus it was difficult to apply the results
to future policy.

We mentioned some future works in conclusions, for example, relationship between trade
and energy part (energy use for transportation and food production).

Page 10: Line 383 — Line 398

In summary, this study showed that the significant water in comparison to internal water
resource could be saved by food trade in the MENA region, and policy makers can benefit by
considering both the quantitative impacts of VWT and the structural changes of VWT, such
as vulnerable expansion (or reduction) in the MENA region. For example, when a country in
the MENA region set a plan for increasing food security, this country first should identify the
amount of water and land savings that can be achieved by food import, and consider the trade-
off between food security and food import. In addition, the stable trade could be a component
for stable food supply in the MENA region, thus this study contributes to the understanding of
the dependency on each trade partner for countries in the MENA region and can help with
setting the food trade policy in terms of extension (or reduction) of trade partners and increase
(or decrease) in volume of trade.

However, this study only focused on food trade and water-land savings, thus energy part was
not considered. The MENA region represents an extreme case globally in terms of water and
energy resources, for example, 66% of the world’s known crude oil reserves, but only 1.4% of
the world’s fresh water supplies is attributed to the region (Khater, 2001). The increase or
decrease of water withdrawal for irrigation is related to the energy used for water extraction
such as pumping surface or ground water. For example, 5 % or more of the total electricity
consumption can be attributed to water pumping in Saudi Arabia (Siddigi and Anadon, 2011).
Energy use for food production and water supply could be the main factor in integrated
resource management in the MENA region, and the lack of energy part was a limitation in this
study.

We checked entire manuscript and revised some paragraph and typo. Please find them
in the revised manuscript.



Point-by-point reply to specific comments

Line 27: Please add adequate sources to state that the primary resource gaps will grow. (Maybe,
the ones in L69 will work?) L29: What do you mean by saying *'the food portfolio [...] has been
complicated by and increased degree of risks..."? L30: Please provide sources that the MENA
region shows tendencies for an inability to satisfy needs with domestic production. L32: You say
that (food) trade has been understudied - one might argue that as trade is a central part of food
security (which you likewise support), it is quite well understood by the relevant trading actors.
L29, 33: I think, MENA & VWT (and all other abbreviations) should be defined in the text (not
in the abstract).
=> We applied reviewer’s comments and revised the introduction by adding more references about the
situation of the MENA region.
Page 1: Line 27— Line 36
Food security and water scarcity are urgent socio-economic and environmental issues in the Middle
East and North Africa (MENA) region (Saladini et al., 2018), which are highly interlinked, and
Water-Energy-Food Nexus has been suggested as a proper and integrated approach for resource
management (Bazilian et al., 2011; Rasul, 2014; Mohtar and Daher, 2014; Lee et al., 2018). For
example, food security in the MENA region has become complicated by increased risks owing to
the geopolitical challenges and inability to satisfy needs with domestic production because of the
lack of adequate arable land and water resources (Rastoin and Cheriet, 2010). In addition, food
imbalance in the MENA region is forecast to reach 60 % in 2050 and food security in MENA
region could be extremely compromised (Rastoin and Cheriet, 2010). Climate change could lead
to more frequent occurrence of extreme climatic events in Mediterranean region, accompanying
50 % decrease of agricultural production by the end of the century (Porter et al., 2014). In particular,
water saving through food trade can be suggested as a solution for mitigating groundwater
depletion in the MENA region (Lezzaik et al., 2018).

Concerning the meaning of VWT:: if a product uses 1000 I/kg water to be produced in one region,

it might have a much more severe impact in an arid climate than in a humid one (you cannot grow

coffee in Lybia, but in Chile). If the value is to be interpreted locally, doesn’t it lose its meaning

and transferability?

= We are not sure that we understood your comments correctly but we tried to answer your comments.
We would like to explain the global water saving and national water saving by virtual water trade.
If one country in arid region exports products to a country in humid region, global water saving
would be negative value. But still the country in humid region could have water saving by importing
products. However, some crops could limit to cultivate in some specific area, thus global water
saving or national water saving in importing country was not meaningful but in exporting country
water was used for producing exportable crops and it could convert to virtual water export.

L56: You say that Fader et al (2011) show water savings of 263 km3/a due to beneficial
agricultural production in other countries; does this calculation include the additional costs that
arise from transport? Additionally, I am wondering how much the import of exotic products to
western countries (an unnecessary trade in comparison to the import of basic crop products to
arid countries) contributes to in the large savings (17 billion m3 blue water, L65) of global extent?
= Water savings indicate the water requirement for producing the same amount of imported product,

thus we hardly include additional cost for transportation. This study also did not consider the cost



of transportation and energy parts, thus we added some paragraph about future works in conclusion.
Page 10: Line 392 —Line 406

However, this study only focused on food trade and water-land savings, thus energy part was not
considered. The MENA region represents an extreme case globally in terms of water and energy
resources, for example, 66% of the world’s known crude oil reserves, but only 1.4% of the world’s
fresh water supplies is attributed to the region (Khater, 2001). The increase or decrease of water
withdrawal for irrigation is related to the energy used for water extraction such as pumping surface
or ground water. For example, 5 % or more of the total electricity consumption can be attributed
to water pumping in Saudi Arabia (Siddigi and Anadon, 2011). Energy use for food production and
water supply could be the main factor in integrated resource management in the MENA region,
and the lack of energy part was a limitation in this study.

In spite of this limitation, the intensity and connectivity of VWT, which were analyzed in this study,
can be the major components needed for integrating resources management in the MENA region.
Accordingly, VWT is regarded as the important factor in determining food security and water-
lands management, and it can be a useful interlinking parameter among resources in WEF Nexus
approach, which identify key issues in food, water, and energy securities through the lens of
sustainability, seeking to predict and protect against future risks and resource insecurities (Biggs et
al., 2015). The core of the Nexus concept is that the production, consumption, and distribution of
water, energy, and food, are inextricably interlinked, thus this study would provide important
information to policy makers for evaluating scenarios about integrated resource management
toward sustainability in the MENA region.

L111: please add units to WS/LS.
= Yes, | added it.

L114/115: Two sentences starting with ""In addition™ - please revise. | also do not understand the
meaning of ""In addition, each variable is dependent on local characteristics."
=> | thought these sentences were relevant, thus | removed them.

L118: If you irrigate a crop with rain harvested water, either directly as water is used from the

reservoir or indirectly as the reservoir water is used for enhanced groundwater recharge, is this

blue or green water?

= As followed by definition of green water by Falkenmark, it is the water captured by soil and used
by crops. Thus, first we can calculate the soil moisture and crop water requirement, and if soil have
enough water from rainfall for crop evapotranspiration, we do not need to irrigate. However, soil
does not have enough water, we supply water by irrigation facility. But some irrigated water can go
through ground water or runoff. Thus, technically speaking the green water indicate the amount of
soil moisture which is used by evapotranspiration, and blue water indicated the amount of irrigation
water used by evapotranspiration.

L120: "Thus, the study for national water footprint should be executed for each country, basin,

or specific area; however, this was outside the scope of the current study." -this sentence is unclear

to me, especially the first part: what is the difference between "national’* and "‘country'? For

which regional unit did you carry out your study?

= Mekonnen and Hoekstra (2010) estimated water footprint of each country in the world including
the MENA region, thus water footprint applied in this study was country level data. We revised a
little the paragraph about the water footprint reference.



Page 3: Line 120 — Line 123

Water footprint is a localized index for countries, accounting for the climate, productivity, and
irrigation. In this study, we considered water footprints of all countries in the world, however, a lot
of effort should be required for estimating water footprints of all countries and it was outside the
scope of the current study. Therefore, we applied water footprint data of 147 countries, including
those in the MENA region, from the study executed by Mekonnen and Hoekstra (2010).

Can you please name the countries of the MENA region that you studied in the beginning, e.g.

around L87ff?

= We mentioned all name of countries of the MENA region that were considered as study countries.
Page 3: Line 99 — Line 101
The aim of this study is to evaluate the effects on water savings and land tenure from importing
crops at 15 countries in the MENA region such as Algeria, Egypt, Iraqg, Jordan, Kuwait, Lebanon,
Libya, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, UAE, and Yemen.

L127: What is the "limited water footprint™?
= We removed it.

Table 1: - Do | understand it correctly that the information in Table 1 is taken from Mekonnen
and Hoekstra (2010)? If so, please add this information in the table caption. - Please add the time
period of the data in the caption. - Can you please explain why the blue water footprint is larger
than the green water footprint? Why does a plant need less rainwater than groundwater? - Which
footprint did you use to calculate the land footprint?
= We added caption in Table 1.
* Water footprint data was referenced by Mekonnen and Hoekstra (2010)
** |_and footprint was calculated by crop production and cultivated area provided from World Bank
open data (https://data.worldbank.org/)
=> |If there is not enough soil moisture from rainfall, irrigation should be required, thus if rainfall is
very low, blue water requirement could be large than green water. Mekonnen and Hoekstra (2010)
estimated the green and blue water footprint of various crop in more than 200 countries and reported
them. More details about the calculation of green and blue water footprint is provided in
https://waterfootprint.org/media/downloads/TheWaterFootprintAssessmentManual_2.pdf

Table 2: - Again, please add the source of this data in the caption. - This data is shown for the
years 2000-2012; | assume there are all mean values - please add this information. - If these are
mean values, what was the standard deviation of the data? Is there a trend in the data? - Can you
please add how this data was acquired and certain this data is? - Can you add a row showing the
sums of the individual columns?

=>» We revised the Table 2 with your comments.

L154: It is good that you list previous network-based approaches that investigated VWT
structures, but you should not only mention the citations and rather shortly summarize their
works and how your work contributes to this.
= We added summary of referenced studies.
Page 5: Line 165 —Line 170
A few studies have been conducted on the analysis of the structure of the VWT using a network-
based approach (Konar et al., 2012; Dalin et al., 2012; Lee et al., 2016). For example, Konar et al


https://waterfootprint.org/media/downloads/TheWaterFootprintAssessmentManual_2.pdf

(2012) analyzed the characteristics of the network change in virtual water trade (VWT), and found
that a number of export trade partners followed an exponential distribution in 2000. Dalin et al
(2012) found that constant organizational features were observed in the network of VWT even
though the number of trade connections and the volume of VWT has been growing. In addition,
Lee et al (2016) analyzed vulnerability of the importing countries through the characteristics of
network in VWT.

Equations 6 & 7: - is "'j"" in the sums as the starting counter equal to 1? | think, the usage of "'j"'

is misleading, as it also refers to exporting countries. - is N (total number of countries) constant

for all i (importing countries)? What if a country i only trades with one other country, i.e. N=1;

then, the equation gives a division by zero, correct? Equation 7: Why is the SInDC not related to

the total volume of virtual water traded but to the number of total number of countries?

= N isthe number of entire network, thus it is constant to every country i, In addition, degree centrality
is relative index for comparing country and N is constant number for all countries, thus the
application of total number or total volume is not different for results.

L172 & 173: 1 think, it should be "*high levels™ and "low levels™.
= We revised it.

Eq 8: What is _alpha_ij?

= We tried to clarity the methodology for Eigenvector centrality and added some example researches.
Page 5: Line 194 — Page 6: Line 216
In general, connections to nodes which are themselves influential could make a node more
influence than connections to less influential nodes (Newman, 2016), and eigenvector centrality
can be used for measuring the influential connections (Ruhnau, 2000). For example, the concept of
eigenvector centrality has been used by the Web search engine Google in order to rank Web pages
(Berry and Browne, 2005; Bryan and Leise, 2006; Newman, 2016).
In VWT network, the eigenvector centrality could be used for identifying influential countries that
could affect the entire network. In other words, the entire VWT can be affected by a few influential
countries, and it is important to identify these countries for understanding and estimating the change
of the entire structure of the VWT. An eigenvector centrality can measure the influence of each
country in the entire VWT, and it is related not only to its own connection pattern but also to the
connections of other countries to it. Therefore, a country is more influential if it is considered in
relation to the countries that are influential themselves (Ruhnau, 2000). The eigenvector centrality
assigns relative centrality to all of the countries in the VWT, based on the principle that connections
to high-level centrality countries contribute more to the centrality of the countries compared to
equal connections to low-level centrality countries (Ruhnau, 2000; Lee et al., 2016). Bonacich
(1972) defined the centrality (x;) of a node i as the positive multiple of the sum of adjacent
centralities in links (or volume) between nodes (4;;). Therefore, if we denote the centrality of
vertex i by x; , then we can allow for this effect by making x; proportional to the average of the
centralities of i’s network neighbours (Newman, 2016),
Xi :% ?:1 Aijxj 8
where A is a constant. Defining the vector of centralities x = (x;, X3,...), We can rewrite this
equation in matrix form as
Ax = Ax 9)
This type of equation is solved using eigenvalues and eigenvectors, where A is a adjacency matrix



of A;j, and A is a scalar, known as the eigenvalue associated with the eigenvector ¢ defined as a
column vector. Eigenvector centrality is determined by calculating the principal eigenvector that
has the largest eigenvalue among all eigenvectors. A non-negative eigenvector with the maximal
eigenvalue exists. We refer to a non-negative eigenvector (x > 0) of the maximal eigenvalue as
the principal eigenvector, and we call the entry x; the eigenvector-centrality of node (country) i
(Ruhnau, 2000).

L196ff - Please revise this paragraph: - The first sentence rather belongs to a summary, after you
showed results, but you did not at this place in the manuscript. - The second sentence is given
without reference/citation. - The third sentence contradicts the first two sentences. - The fourth
sentence does not state whether Egypt imports from MENA countries or somewhere else. - The
fifth sentence is not justified by the one example you state. - I also do not understand the intension
of this paragraph, what do you want to convey here? Even the following sentence in L202 starts
with "however™ as if you wanted to say "'but | actually want to talk about something else"".
= We revised the paragraph.
Page 6: Line 219 — Line 223
This study considered trade-offs between food security and food trade in terms of national resource
management. For example, the increase of domestic food products instead of imports of them could
be one policy for food security but additional water and land for domestic products would be
considered at the same time. In other words, food imports could contribute domestic water and land
management, therefore, we estimated the national water and land savings by importing crops as
shown in Table 3.

L206: ""This means that the contribution of import of barley, maize, and wheat on water security

in Saudi Arabia was significant.” - how do you come to this conclusion?

=> We added internal water resource of each country in the MENA region into Table 1, which was
provided from World Bank, and compared the amount of water saving with the internal water
resource.
Page 6: Line 223- Line 228
In Saudi Arabia, blue water savings by barley, maize, and wheat imports were estimated to 5.0, 2.0
and 0.8billion m3year, respectively. In comparison to the internal water resource of Saudi Arabia
which is 2.4 billion m3year as shown Table 1(World Bank, 2014), the water saving through import
of barley, maize, and wheat could be considered as significant amount in Saudi Arabia. In the case
of Egypt, most of the water saving occurred based on the imports of wheat and maize.
Approximately 7.5 billion m3year of blue water was saved by importing wheat. Specifically, the
internal water resources in Egypt are only 1.8 billion m3year (Table 1), therefore, water scarcity
could be an issue for food security policy in Egypt.

A general comment: for example, in L209, you state that Egypt would suffer from water shortage
if the exporting countries banned wheat export to Egypt. | think that this is only partly true, i.e.
only in those cases where the respective crops would actually grow in the individual countries.
Considering rice, for example: |1 am sure that none of the MENA countries would be able to grow
this crop even if the virtual water equivalent would be available. Please elaborate on this comment.
= First, we need to explain the difference between water saving and virtual water import.

Virtual water import was based on water use in exporting country, thus virtual water import by rice

could be quantified in terms of exporting country even through rice could not be suitable for



growing in the MENA region.

Water saving is kinds hypothetical number in this study because we assumed that all products were

produced in domestically, thus we did not include rice in water saving part. However, the results of

water saving could bring the importance of food import and showed how much water would be

required for domestic production.
Page 4: Line 133— Line 144
Food import is also related to domestic water and lands savings. In particular water saving has
a different meaning from virtual water import. For example, Saudi Arabia imported wheat
from various exporters and virtual water import indicates the sum of the products obtained
from multiplying the quantity of imported wheat by the respective water footprint of each
exporter. However, water saving indicates the amount of water needed to produce the same
quantity of imported products domestically. Therefore, water saving by wheat import in Saudi
Arabia is estimated by multiplying the quantity of imported wheat with the water footprint of
wheat in Saudi Arabia.
In this study, we applied green and blue water footprints of crops in each country in the MENA
region, as shown in Table 1. However, the availability of water footprint data in the MENA
region was limited in some cases. For example, the water footprint of wheat was available in
all countries except for Bahrain. Lands saving has the same implication as water savings, thus
we calculated lands saving using land footprint of each country in the MENA region, as shown
in Table 2. The land footprint indicates the land requirement for producing 1 ton of crops, and
it was calculated based on the harvest area and crop production data collected from FAOSTAT
(Table 1).

L208: The statement of 1.8 billion m3/a water available for Egypt is missing a source.
= We added source of internal water resource in Table 1

L210: "The crop import could result in a large amount of land savings." - this is an unnecessary
statement. Likewise in L215: ""These results can elicit useful information for analyzing the trade-
off between food and water-land securities in the MENA region in terms of sustainable
development."

=> We removed those expressions and revised whole paragraph.

L210ff: "In Saudi Arabia, land savings based on the import of barley, maize, and wheat,
amounted to 1.6 million ha/year, and Lebanon was also strongly influenced by the impact of crop
import on land savings. For example, approximately 0.24 million ha could be saved by crop
imports, comprising 36% of the agricultural area in Lebanon, that indicates that the crop trade
in Lebanon has significant benefits in terms of land resources compared to water resources." -
please revise and do not mix two different countries in different sentences.
=> We revised those sentences.
Page 6: Line 228 — Line 231
Lebanon was strongly influenced by the impact of crop import on land savings. Approximately
0.24 million ha could be saved by crop imports, comprising 36% of the agricultural area in Lebanon,
that indicates that the crop trade in Lebanon has significant benefits in terms of land resources
compared to water resources.

L216: What do you mean by this: ""However, water saving indicates the virtual water saving, and



sometimes it is larger than the total water resources in some countries. "

L216/217: ""However"" twice as starting word.

L217: ""However, these results showed that the increase of food security is accompanied by
numerous water requirements in the MENA region.” - 1 do not understand this. Please revise.
L218ff: "*Additionally, the saved land is not always suitable for agricultural areas.” — The **saved
land", i.e. the equivalent required area to grow imported crops, is probably not available. Do you
have information on this? **Some crops are required for the specific type of land, ..." - It is rather
the other way: you require a specific soil for this or that crop."...and the productivity is also
different based on soil."" - Do you mean ""the productivity is varies with different soils"? ""Even if
we can save land..."" - Why do you think, the reason to import is to save land? - Why do you write
"we''? "...there is the limitation for considering the land saving as an agricultural land saving in
accordance to this study.” - What do you mean by this?

= We thought that above all comments were related to the same paragraph, and soil part was not
related to this paper. Thus, we revised them. In revised paragraph we meant the limitation of virtual
water trade, and removed the soil part.
Page 6: Line 232— Line 238
Food imports could be regarded as a negative factor in food security, and it is obvious that food
security would accompany water and lands for domestic food products. These results showed that
food imports could bring positive impacts on numerous water and lands savings in the MENA
region. However, there are limitations of these results. First, water saving estimated in this study
was based on the hypothetical situation that meat there were no international trade situation, and
sometimes it was larger than the internal water resources in some countries such as Saudi Arabia
and Egypt. Additionally, some crops are required for the specific type of climate but this study
assumed that MENA region was suitable for cultivating maize, wheat, barley, and rice.

Table 3: - Please check for unnecessary line breaks (eg. Saudi Arabia, Blue water, Barley). - Do |
understand it correctly that table 3 shows the results from the product of water footprint (table
1) and the annual import (table 2)? If so, how could you fill the gaps for the water footprint in
blue water barley and green water maize? -> Oh, | see you wrote "'0" for partly - please correct
this and write "*-"".

= We revised Table 3.

Section 3.1 should be shortened; often, statements are given that are unnecessary, unproven or
uncited. The information from table 3 can and should be offered in a much more compact way.
=>» We revised the entire section 3.1.

L227: Are the numbers for annual water import average values?
= Yes, it is average value, thus we mentioned the “average” in revised manuscript.

Fig 1: - The grey scale (ie the total water import) uses uneven separating numbers and unequal
intervals; | suggest to use even numbers (e.g. 1500 - 15000 instead of 1495 -15410 for the first
green water import interval) and evenly spaced intervals. - | cannot read the number in the legend
for annual water import - Some pie charts are very small (Qatar, Oman, Bahrain, Lebanon) -
Why do the pie charts vary in size?

=>» We removed the pie chart and focused on total virtual water import from 2000 to 2012.



Table 3 vs 4: | do not understand the difference between "water savings due to imported crops"

(table 3) and "'imported water" (table 4) - can you please explain this difference and describe why

both values are different?

=> We added more explanation about the differences between water saving and virtual water import.
Page 4: Line 133— Line 144
Food import is also related to domestic water and lands savings. In particular water saving has a
different meaning from virtual water import. For example, Saudi Arabia imported wheat from
various exporters and virtual water import indicates the sum of the products obtained from
multiplying the quantity of imported wheat by the respective water footprint of each exporter.
However, water saving indicates the amount of water needed to produce the same quantity of
imported products domestically. Therefore, water saving by wheat import in Saudi Arabia is
estimated by multiplying the quantity of imported wheat with the water footprint of wheat in Saudi
Arabia.
In this study, we applied green and blue water footprints of crops in each country in the MENA
region, as shown in Table 1. However, the availability of water footprint data in the MENA region
was limited in some cases. For example, the water footprint of wheat was available in all countries
except for Bahrain. Lands saving has the same implication as water savings, thus we calculated
lands saving using land footprint of each country in the MENA region, as shown in Table 2. The
land footprint indicates the land requirement for producing 1 ton of crops, and it was calculated
based on the harvest area and crop production data collected from FAOSTAT (Table 1).

Section 3.2.2 / figure 3: how could you determine which water (blue or green) was used to grow

the crops in the exporting countries?

= Mekonnen and Hoekstra (2010) estimated green and blue water footprint of each country in the
world including the MENA region, thus we used green and blue water footprints applied in this
study was country level data. We revised a little the paragraph about the water footprint from their
study.

Fig. 3: Why do you give the numbers here in Gm3 while all other volumes are given as volume /
time (Mm3/y)? | suggest to be consistent for comparability especially with such large numbers
which are hard to imagine.

=>» We changed the unit to Mm3/yr.

Fig. 5: This is a very nice interpretation, but | have a suggestion: you could combine a and b and
connect the individual countries’ marks with arrows; currently, one has to search for a long time
before a country’s performance can be compared.
=>» We changed the order of Figures, thus previous Fig.5 is Fig. 6 in the revised manuscript.

We added the arrows in Fig. 5.

Fig. 6: - Please check for non-discribed countries and/or add them to ""others'. — The numbers of
the individual eigenvectors are too small and cannot be read. - Can you show this figure also for
the whole MENA region? Or in other words: why did you choose Lebanon here? Is the figure
similar for the other countries?
= We changed the order of Figures, thus previous Fig.6 is Fig. 4 in the revised manuscript.
We made a new figure of the MENA region, and others indicate the countries who export less
than 100 Mm3yr to the MENA region or Lebanon



L359: If you write ""Since the introduction of the virtual water concept, various studies have been
conducted to quantify the volume of the VWT."" you should provide proper citations and describe
how you contribute to an extension of their findings.

=> We thought this sentence is already mentioned in Introduction, thus we removed it in Conclusions.

L361: As above, the statement "The amount of imported virtual water is regarded as the most

important factor in determining water and food security,” should be backed up by citations or

proof.

= Actually, that statement was derived from the results from this study, thus we revised them in
Conclusions.

L364: ...the interlinkages of key natural resource sectors and the improved production efficiency
are considered a win-win strategy for environmental sustainability..."" - | do not understand why
you address production efficiency here; that was not part of you previous analysis. Can you please
explain this?

= We agreed with your opinion, thus removed that sentence.

L368: ""Thus, decisions made in one sector typically impact the other sectors.” - I think that this
statement here does not belong to your core message of the paper: you never discuss / analyze
how different sectors influence each other. You also do not show how virtual water or changes in
virtual water fluxes may influence whatever sector.

=> We agreed with your opinion, thus removed that sentence.

L372: "...policy makers can benefit..."" - how should they benefit? What would be the key

parameter policy makers can use? How should they decide on the future if your study is only

based on the analysis of data from the past? Also: you compared the different countries of the

MENA region among each other and derived values for SInDC and NSInDC. The comparison is

thus only a qualitative comparison. How should a single country decide now whether its food

import strategy generally is stable?

Finally: considering political differences in the MENA region, do you think that any singular

country or a coalition of countries could use your evaluation to increase its food stability?

=>» Still, it is limitation of virtual water concept that it is hard to apply virtual water to real policy. We
tried to study some real cases, but it is still lack of the study. We keep trying to find the appropriate
example.

=> We added more sentences about the contribution of this study in terms of policy making.
Page 10: Line 381- Line 391
The import of water in virtual form based on VWT could develop into a major water portfolio that
dominates water management in the water-scarce countries of the MENA region. In water-deficit
areas, such as the MENA region, the VWT can offer new perspectives for understanding and
solving water stress and scarcity. In summary, this study showed that the significant water in
comparison to internal water resource could be saved by food trade in the MENA region, and policy
makers can benefit by considering both the quantitative impacts of VWT and the structural changes
of VWT, such as vulnerable expansion (or reduction) in the MENA region. For example, when a
country in the MENA region set a plan for increasing food security, this country first should
identify the amount of water and land savings that can be achieved by food import, and consider
the trade-off between food security and food import. In addition, the stable trade could be a
component for stable food supply in the MENA region, thus this study contributes to the



understanding of the dependency on each trade partner for countries in the MENA region and can
help with setting the food trade policy in terms of extension (or reduction) of trade partners and
increase (or decrease) in volume of trade.

Page 10: Line 399- Line 406

In spite of this limitation, the intensity and connectivity of VWT, which were analyzed in this study,
can be the major components needed for integrating resources management in the MENA region.
Accordingly, VWT is regarded as the important factor in determining food security and water-
lands management, and it can be a useful interlinking parameter among resources in WEF Nexus
approach, which identify key issues in food, water, and energy securities through the lens of
sustainability, seeking to predict and protect against future risks and resource insecurities (Biggs et
al., 2015). The core of the Nexus concept is that the production, consumption, and distribution of
water, energy, and food, are inextricably interlinked, thus this study would provide important
information to policy makers for evaluating scenarios about integrated resource management
toward sustainability in the MENA region.



