
Comments from the Editor:

While most scientific studies on terrestrial vegetation cover changes and their effects

on the climate system, were focused on human activities of deforestation/afforestation

and managements changes in agricultural and in pasturing areas, social unrest and

human conflicts effects on the land cover are poorly studied. This paper is among the

first to assess this interesting topic, providing important information and research

approach that will be relevant also for wide scientific communities and clear fits the

BG journal agenda. In the followings the authors will find comments and suggestions

to their manuscript.

Dear reviewer,

Thanks for your time and comments. We strive to present an innovative work and

your suggestion are of great help to improve this paper.

Regards,

Prof. Dr. Tiexi Chen and coauthors

General comments:

1) The authors rightly mentioned that Syrian conflict is an example for others,

nations wars or regional unrests which unfortunately persisting with no end, and are

also effecting the land covers around the world. Thus, adding estimation information

on a global size of areas affected by such conflicts over recent years will provide

demonstration of this unaware aspect and its importance for the regional climate

system and for land surface ecological services of those areas.

REPLY: Thanks for your comments. This is a very nice question. During the

discussion periods, the authors also want to quantify the conflicts but we still do not

know how to make this work. As mentioned in the discussion, we have found the data

sources from the Armed Conflict Location and Event Data Project (ACLED).

We totally agree with your opinion, and at current stage, at least we could give a

qualitative description. Therefore, in the introduction, the followings are added:

“Social unrest is still a global problem, which is bound to affect regional development

and land management activities. However, social unrest has been rarely mentioned in

the study of land use and management. Based on the Armed Conflict Location and



Event Data Project (ACLED) records (Raleigh et al., 2010), in the past 20 years, there

are about 20 countries that have experienced more than 1000 battles. Several

countries have involved in national wars, such as (not limited to) Syria, Libya,

Afghanistan, Iraq, Yemen. Therefore, the affected population and land area are at

least in the order of 100 million and tens of millions of square kilometers,

respectively.”

In the discussion section, we added:

“Meanwhile, the social unrest reduced land management change could be quantified

based on well-documented reports in Syria, however, how to evaluate this issue on a

globe scale, including the area, severity and timing, is still a huge challenge.”

2) Syria is a large country with different climatic regions and its great part is a

desert land. Much of the conflicts are concentrated in the northern regions and

around the capital. However, the information provided (e.g., figure 2 & 3) is for the

whole country, likely not well representing the climatic conditions in the main conflict

zones.

REPLY: Thanks for your comments. We agree with this and in fact, our specific

analysis only includes the vegetated area, that is, land cover type 1 and 2 in Figure

1(a). The temperature, precipitation and EVI in Figures 2 and 3 are only for

vegetation areas, not including deserts, water and built-up lands. We added related

descriptions in section 2.1. From Figure 5 you can see that no-vegetated areas are not

included in our analysis.

3) Separating the climate from human impacts on the land cover changes over

the years is at the heart of the paper; a figure and deeper discussion presenting and

explaining the EVI decline due to either of the two is missing.

While the conflict effect in the Khabur River region is a good example, the authors

may find another such region along the Turkey border that has not experienced

conflict to emphasize that the effect is due to unrest.

REPLY: Thanks for your comments. Indeed, you are rising the essential question

which currently plagues the entire academic community. How to quantify the

contributions of climate change and human activities in vegetation change? This

problem has been torturing me since the very beginning of my career. Generally, there



are two ways: Statistical methods based on observations and comparative analysis of

scenarios based on models. Both of these methods are not satisfactory. Models are

easy to quantify but are powerless for processes that cannot be effectively described,

including land management. The assumptions of observation-based residual analysis

are difficult to satisfy in real situations, although this method is also applied here in

this article.

Therefore, I divided the problem into two aspects: identifying contributions and

quantifying contributions. In this paper, several statistical methods are used instead of

models. At the same time, we do not dare to believe in the results of one single

method, but find coherent conclusions through multiple methods. Paired analysis is a

quite new idea, and we are still trying to systematically explain it. As you suggested,

in the revision more discussions are added in section 2.6:

“In this paper, we applied statistical methods on observations rather than using

models. Coherent results of these method are expected to lead a more robust

conclusion.”

“A paired analysis over two parts of a local region is also applied. Both parts have
identical climate variations and the difference in vegetation changes of these two parts
could be contributed to human activities rather than climate drivers.”

“How to quantify the contributions of climate change and human activities in

vegetation change is still challenging. In this paper, we identify the driving factor of

land management on the browning based on the coherent results from multiple

statistical methods. However, there is still a gap from “identify” to “quantify” the

contributions.”

As you suggested, the following figure shows the spatial trend of all cropland on the

border between Turkey and Syria during the growing season. The cross-border plain

area is an ideal study area, with relatively extensive farmland distribution on both

sides. Therefore, this study area is the only typical case we have found on the border

between the two sides.



Figure R1, The spatial variation trend of EVI in the growing season from 2001 to

2018

Specific comments:

1. Sentences starting in line 98. Dryland areas characterized by a low, relative

spares vegetation cover, so what is the advantage of using EVI over NDVI? Did the

authors check this? This may provide similar results but may the opposite? Obviously,

this cannot be checked on the ground, however it can be analyzed with e.g., google

RGB products.

REPLY: Thanks for your comments. As you mentioned, EVI is usually applicable to

areas with dense vegetation. In the arid area of Syria, the effects of EVI and NDVI on

characterizing vegetation should be similar. To make this point clear, we further

applied NDVI (same sources of MODIS) in this region. Both NDVI and EVI have

consistent results (Figure r2,



r3).

Figure r2. (a) correlations between the N-A precipitation and the NDVI in the

growing period; (b) trends of NDVI residuals after removing the linear fitting by

precipitation; (c) rainfall use efficiency.

Figure r3. The annual trend of NDVI during 2001- 2018

2. L 114. The meaning of “…improved spatial consistency…”, or provide

reference to this model.

REPLY: Thanks for your comments. This is a clerical error. What we want to express

is that the meteorological environment is more uniform in space than the surface

parameters. Therefore, in areas with relatively simple topography, the variations in

temperature and precipitation within a 0.5 degree resolution is very small. In the

revision, we deleted “improved”. Now the sentence is:

“Due to spatial consistencies of temperature and precipitation over small regions, it is

assumed that the vegetation within the 0.5° interval has the same environmental

condition.”



3. Provide reference to the sentence starting in L. 122.

REPLY: Thanks for your comments. We have added two references in the revised

version.

Dardel, C. c., Kergoat, L., Hiernaux, P., Grippa, M., Mougin, E., Ciais, P., & Nguyen,

C.-C.. Rain-Use-Efficiency: What it tells us about the Conflicting Sahel Greening and

Sahelian Paradox. Remote Sens., 6(4), 3446-3474.

https://doi.org/10.3390/RS6043446, 2014.

Fensholt, R., Rasmussen, K., Kaspersen, P. S., Huber, S., Horion, S., & Swinnen, E..

Assessing Land Degradation/Recovery in the African Sahel from Long-Term Earth

Observation Based Primary Productivity and Precipitation Relationships. Remote

Sens., 5(2), 664-686. https://doi.org/10.3390/RS5020664, 2013.

4. Comment to the representativeness of Figure 2 & 3 has already mentioned.

Specially to crops and to natural vegetation it is suggest to concentrate in the conflict

zones. By the way, ‘natural vegetation’ included different vegetation types (as authors

mentioned) and they have slightly different seasonality patterns…

REPLY: Thanks for your comments. We agree with this and as reply above, our

specific analysis only includes the vegetated area, that is, land cover type 1 and 2 in

Figure 1(a). The temperature, precipitation and EVI in Figures 2 and 3 are only for

vegetation areas, not including deserts, water and built-up lands.

Regarding the conflict area, we only know the general scope, and we are still thinking

about how to specifically divide the space, including the issue you mentioned above,

how to map this issue globally.

Syria's natural vegetation composition structure is relatively simple, of which about

80.0% are open shrublands, grassland accounts for 18.1, and the other accounts for

less than 2%.

5. Which years figures 5 and 6 are covering?

REPLY: Thanks for your comments. All the pictures are for 2001-2018, we have

added the time periods in the figure caption.

Syria civil war started in May 2011, while EVI’s declines, according to Figure 3,



started already before. Can the authors separate the 2 periods to show the human

influence?

REPLY: Thanks for your comments. This was also our expectation at the very

beginning. In the subsequent analysis, we found it difficult to set the turning point.

Potential reasons area: 1, the data length is not long (2011-2018 only have 8 years)

and climate variations are very severe, such as the drought in 2008. Therefore, Due to

insufficient sample size and large fluctuations, it is difficult to obtain statistically

significant turning point. 2, although war is an emergent event, its destruction is also a

gradual process. And before the war broke out, there were already signs of social

unrest in the area, and under the influence of severe natural disasters (droughts), an

unstable society would make disaster prevention and mitigation inefficient. When the

two are superimposed, a continuous decline in land management capacity can be seen.

“Regional browning issues have also been discovered in a general greening world,

which are mainly contributed to climate constrains, and the influences from

insufficient land management has not been well identified yet (Pan et al., 2018; Yuan

et al., 2019). Although this article identifies the contribution of social unrest caused

by land management to regional browning, it still cannot set a certain year as a turning

point (such as 2011). Both data length and severe climate variations would limit the

statistical significance in turning point identification. Furthermore, even before the

war started in 2011, the ability of disaster prevention and mitigation is quite poor.

Once natural disasters and social unrest are superimposed, a continuous decline in

land management capacity can be seen.”

6. Figure 7: Explain the meanings and provide the units (of ‘irrigation

distribution’). b. can the border line (Turkey to Syria) be added to the picture and if

possible also adding picture from a period before the civil war, with their dates. c-f.

Make clear that EVI is of the irrigated area only.

REPLY: Thanks for your comments. (a) The description of irrigation data is added in

section 2.5, and the unit is also explained under figure 7 caption. (b) Corresponding

modifications were made in Figure 7. c-f is only the trend of the cropland within the

rectangle, which has also been modified in the labels and caption.



Figure 7. (a) The percentage of the total cropland area used for irrigation for the reference year of 2005. (b)

The Khabur River Basin and cropland distribution (from Google Earth © Google Earth 2019, a KML file is

attached). The vertex coordinates of the parallelogram are [37.5°N, 40.5°E], [36.75°N, 41°E], [37.25°N,

39.5°E] and [36.5°N, 40°E]. (c) Annual EVI series of cropland in the Syria side and Turkey side with linear

fitting. (d) EVI trends of each month of cropland in the Syria side. (e) EVI difference between Turkey and

Syria sides (Turkey’s EVI minus Syria’s EVI). (f) EVI trends of each month of cropland in the Turkey side.

7. L 230. Fig. 3 shows EVI decline prior to the civil war and even prior to

2007-09 drought. It possible to claim that the EVI decline was due to mismanagement

leading to this civil unrest but it needs to provide evidences for that.

REPLY: Thanks for your comments. Both the literature survey and the relevant data

show that Syria is a country highly dependent on irrigation, and the water resources

for the irrigation mainly come from groundwater. At the beginning of the 21st century,

the local water resources were already so tense that the subsequent drought



exacerbated the situation of poor agricultural harvests. We expanded the discussion

section to better illustrate that land management in the area was insufficient before the

war began. Please also refers to the replies to comment 5 above.

“Related research reports the vegetation damage caused by this drought was mainly

due to the shortage of irrigation water resources (Kelley et al., 2015; Châtel, 2014).

Syrian farmers depended heavily on the dam reservoir and the extraction of

groundwater. However, as early as the early 20th century, Syria’s groundwater

resources were already severely inadequate and land degraded. When the drought

occurred in 2006 and 2008, the government's mismanagement and the already bad

situation caused serious social impact.”

8. Sentence in L 235 is unclear.

REPLY: Thanks for your comments. This refers to some research institutions, we

have corrected this sentence in revised version.

“Therefore, several research institutions demonstrated the map of social unrest during

the Syria civil war since 2011.”

9. 247. Based on what is the claim that if removing the human activity EVI

change will be the same for both sides of the border?

REPLY: Thanks for your comments. We agree and notice this part should be

explained and discussed more in details. In the revision, more discussions were made

about the pared analysis.

“In a local region where the climatic conditions (including average and variations)

are quite similar, vegetation changes induced by natural factors should theoretically

be similar. The difference in vegetation change of the two parts in such a region could

be caused by human activities rather than natural factors. The paired analysis across

the border between Syria and Turkey confirmed this hypothesis. After removing the

linear trend in EVI of both sides, the correlation coefficient reached 0.8. However, the

annual and monthly trends of the two are completely opposite. This difference can

only be attributed to human activities which refer land management in this case. In

Turkey, since 1977, the government has built 22 dams, 19 hydropower stations and

some irrigation networks, which has promoted the development of agriculture in the

region (Eklund et al., 2017). For Syria, this can only be attributed to the adverse



effects of cropland abandonment and insufficient planting caused by social unrest.

Especially after the outbreak of the war in 2011, the gap of these two regions in the

annual average EVI gradually increased, reaching more than 0.1 at the end of 2001 –

2018.”

10. Figure 7. Why EVI increases so much in the Turkey side?

Additionally, EVI trends deviation between the two countries has started already in

the early 2000ths, even before the 2007 drought, how this explained?

REPLY: Thanks for your comments. At present, global greening is a widespread

phenomenon, especially for agricultural areas. Many factors have contributed to

global greening, including CO2 fertilization, nitrogen deposition, climate change, land

management, etc (Chen, et al. 2019;Zhu, et al. 2016). In Turkey, on the one hand, the

effect of CO2 fertilization has led to the growth of cropland EVI. On the other hand,

land management has made significant contributions. Since 1977, the government has

successively built 22 dams, 19 hydroelectric power plants and some irrigation

networks, which promotes the development of agriculture in the region (Eklund, et al.

2017).

Chen, Chi, et al. “China and India Lead in Greening of the World through Land-Use

Management.” Nature Sustainability, vol. 2, no. 2, 2019, pp. 122–129.

Zhu, Zaichun, et al. “Greening of the Earth and Its Drivers.” Nature Climate Change,

vol. 6, no. 8, 2016, pp. 791–795.

Eklund, Lina, and Darcy Thompson. “Differences in Resource Management Affects

Drought Vulnerability across the Borders between Iraq, Syria, and Turkey.” Ecology

and Society, vol. 22, no. 4, 2017, p. 9.

As shown in the figure below, before 2007, the EVI gap between Turkey and Syria on

the border of cropland was small, while the gap gradually increased during the

drought. After the outbreak of the war in 2011, the gap between the two reached more

than 0.1, that is to say, this difference in two trends is mainly due to insufficient land

management caused by the Syrian war. Figure 7 (c) also shows this



difference.

Figure r4, annual EVI time series of the croplands in The Khabur River Basin over

Turkey (red) and Syria (blue) sides.


