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Abstract: In China, irrigation plays a fundamental role in food production, which is hampered
by water security, rising population and climate change. To ensure food security and formulate
agricultural and irrigation policies, decision-makers need detailed grid-level information on the
location of irrigated areas. Unfortunately, this information is not easily available as national irrigation
maps are frequently outdated and often have a coarse spatial resolution. In this paper, we present
new irrigation maps for China at a spatial resolution of 30 arc seconds (~1 x 1 km) that cover the
period between 2005 and 2015. The maps were created using a synergy approach, which combines
and integrates regional and global irrigation maps, cropland maps and subnational statistics. The
maps were calibrated to subnational irrigation statistics and validated using an external dataset with
geocoded information on the location of irrigated areas. The maps show, at the detailed spatial level,
how much irrigation expanded over the period of 2005-2015. The proposed synergy approach is
flexible and can easily be applied to create irrigation maps for other regions.
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1. Introduction

Ensuring global food security is one of the most pressing challenges mankind currently
faces [1]. According to the World Bank, 8.9% of the global population had insufficient food
consumption to provide the dietary energy levels required for maintaining a healthy life
in 2019 [2]. It is estimated that between 2010 and 2050, global food demand will increase
between 35-56% [3]. Approximately 40% of global crop production takes place on irrigated
land, accounting for about 20% of global farmland [4]. Irrigation plays a fundamental
role in increasing future food production as it results in higher crop yield and provides a
measure of coping with climate change [5,6].

To ensure food security and formulate agricultural and irrigation policies, decision-
makers need to have information on which areas are currently irrigated and which are not.
In addition, detailed irrigation maps are used as a key input in agricultural and land use
models to assess future trajectories of agricultural development and food production in the
context of climate change [7]. Several global irrigation maps have been produced [4,8-13],
of which the Digital Global Map of Irrigation Areas (GMIA) provided by the FAO [12] is the
most used. However, most of these maps are outdated as they represent irrigated areas for
the period 2000-2010 (exceptions are [4,13]). Moreover, existing maps are based on different
sources and produced using various methods (e.g., remote sensing, machine learning or
statistical downscaling approaches), sometimes resulting in contradicting output and maps
that are not consistent with available national irrigation national statistics [14].

The aim of this paper is to explore the use of a synergy approach to creating irrigation
maps. The synergy approach was pioneered by [15] to explore the agreement between
global land cover products for carbon cycle modeling. Ref. [16] extended the synergy
method to map the location of cropland in sub-Saharan Africa. In this approach, different
global and regional irrigation products are combined into one consistent map, which results

Water 2023, 15, 1666. https:/ /doi.org/10.3390/w15091666 https://www.mdpi.com/journal /water


https://doi.org/10.3390/w15091666
https://doi.org/10.3390/w15091666
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0002-5207-7304
https://doi.org/10.3390/w15091666
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w15091666?type=check_update&version=1

Water 2023, 15, 1666

20f16

in improved accuracy of the final product [17]. In this paper, we used the synergy approach
to combine two regional and three global irrigation maps, and two global cropland maps,
to create a new irrigation map for China that covers the periods 2005 and 2015.

In China, irrigated land accounts for 70% of food production [5]. The availability of
water is a key determinant of national food security. China’s annual water availability is
approximately one-quarter of the global average [18]. With an increasing water demand
in combination with climate change, there is a concern that a water deficit in agricultural
production will occur in the future [18]. The pressure on water resources and the rising food
demand have stimulated the Chinese government to invest more in irrigation [18]. Several
projects, such as the 12th Five-Year Plan for Water Resources Reform and Development
(2011-2015), have been launched [19] to increase the delivery efficiency of irrigation systems
and to result in water savings [20]. Consequently, irrigated areas have expanded by around
10.9 million ha, from 55 million ha in 2005 to 66 million ha in 2015 [21].

Figure 1 depicts the development of effective irrigated land areas (EIA) in China in
the last two decades. EIA is the irrigated area of cropland (e.g., annual food crops); it does
not consider irrigated pastures and forests.
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Figure 1. Development of effective irrigated areas (EIA) in China over the last two decades. EIA is
the irrigated area of cropland (e.g., annual food crops). Target years are depicted in blue. Source:
China Statistical Yearbook.

The paper is organized as follows. In Section 2, we introduce the proposed methodol-
ogy and data. Section 3 presents the synergy irrigation maps for 2005 and 2015, including
an assessment of the agreement between the various input products and validation using
ground truth data. Section 4 presents the discussion, divided into sections covering policy
implications, strengths and weaknesses and opportunities for future research. Finally, in
Section 5, we draw conclusions.

2. Materials and Methods
2.1. Synergy Approach to Creating Irrigation Maps

In the synergy approach, all available spatial data is integrated into a single product
which results in improved accuracy [17]. The approach has been mainly used to create new
regional and global cropland products. There are two different methods to create a synergy
map: the regression method and the agreement-scoring method. In the first method, a
relationship between the input datasets and sample points is established. Subsequently, the
cropland percentage in regions without samples is predicted. It requires training samples
to estimate the model parameters at each location [17]. This method has been applied to
multiple products, for instance, in a risk map of land degradation in Uzbekistan [22] and in
an irrigation map for India [23].
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In the agreement-scoring method, input datasets are ranked based on their level of
accuracy. Subsequently, all input maps are overlayed to derive the mean (or maximum)
cropland area per grid cell and allocate scores to measure the (dis)agreement at the grid
cell level [16]. This methodology was applied in [16] to map cropland areas in sub-Saharan
Africa. It was also applied by [17] to create a global synergy cropland map.

A study [24] compared the two methods. They concluded that agreement scoring is
an adequate method for producing a global or regional large-scale map [24]. Additionally,
they showed that the regression method is sensitive to the number of training samples. For
China, there is little ground truth data available on irrigation [25]. Hence, we decided to
use the agreement-scoring method to create a synergy irrigation map for China.

2.2. Data

The input products that are used in the synergy approach were obtained through
a literature review in which both “pure’ irrigation maps, as well as cropland maps with
irrigation information, were collected. Summary information is provided in Table 1. The
literature review resulted in 7 input products: 2 cropland maps and 5 irrigation maps. Most
of the maps were created using remote sensing techniques. Only for 1 map (CHN) was
a downscaling methodology used in which images from a lower spatial resolution were
converted to a higher resolution using statistical models. Likewise, only 1 irrigation map
was prepared using a machine-learning approach (NAGARA]J).

Table 1. Input products for the creation of the synergy irrigation maps for China.

Maps Scale Time Resolution Source Type Methodology  2000-2009 2010-2019
GRIPC Global 2005 500, spatial (6] Cropland ~ lemote X
sensing
S Machine
NAGARA] Global 2001-2015 9 km [4] Irrigation . X X
learning
GIA Global 19992012 0 [9] Iigation = oot X
seconds sensing
Regional: S .
CHN China 2000 1 km [26] Irrigation ~ Downscaling X
ZOHAIB Global 2015 25 km [13] Irrigation Remote X
spatial sensing
IAM Regional: — p550 ¢ 2010 220M [27] Imigation =~ oot X X
Asia spatial sensing
ESCACCI  Global ~ 1992-2015 ~ -00™ [28]  Cropland ~ Lemote X X
spatial sensing

The collected datasets are clustered around two time periods: 2005 (GRIPC, NAGARA],
CHN, IAM and ESACCI) and 2015 (NAGARA]J, GIA, ZOHAIB, IAM and ESACCI). Hence,
we decided to create separate synergy maps for each period. GIA was allocated to 2015 as
it was created using a cropland mask for 2015 [8]. X marks for which year data is available.

2.3. Methodology

We followed the approach of [16] to create the synergy irrigation maps. As we
applied the approach to developing irrigation maps instead of land use maps, we added an
additional step (Figure 2), in which the irrigation maps are calibrated with a high-resolution
land use map.
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Figure 2. Overview of the approach to create a synergy irrigation map.

2.3.1. Harmonization of Input Data

In the first step, the global and regional maps that were collected for the creation of
the synergy maps were harmonized. We reclassified the various irrigation and cropland
classes (e.g., paddy rice and irrigated cropland) into irrigated and non-irrigated classes.
Next, the maps were reprojected and resampled to the same resolution (30 arc seconds)
and coordinate system (EPSG: 4326). For irrigation maps with a resolution higher than
30 arc seconds, we assume that 100% of the 30 arc seconds area is irrigated. All spatial data
processing tasks were performed with R software [29], especially the tidyverse [30], sf [31]
and terra [32] packages.

2.3.2. Calibration with Land Use Map

This is an additional step in comparison to the original approach by [16]. We used
existing land use maps to mask the irrigated synergy map. In contrast to irrigation,
there are a number of land use maps that show the location of cropland at a very high-
resolution [33,34]. As the irrigated area in a grid cell is constrained by the total cropland
area in the same grid cell, we used high-resolution cropland maps as a mask for the irrigated
area maps.

We decided to use the ESACCI land use maps, which were also used as one of the
input data sources (see Table 1) because they are the only available product that presents
the location of cropland at high-resolution (300 m) for a long historical period (1992-2019)
with an annual time step. As we combined irrigation maps that span the time period from
2000 to the present, we needed long-run historical time series for calibration.

We used the ESACCI maps to calculate the share of cropland in each 30 arc seconds grid
cell. The harmonized irrigated area maps created in the previous step were subsequently
combined with the processed ESACCI maps for the same year. If the share of cropland was
larger or equal to the share of irrigated area, the data of the irrigation product was accepted.
If the share of cropland was smaller than the share of irrigated area, it was set equal to the
cropland share, which we regarded as the maximum potential irrigated area.

2.3.3. Ranking of Grid Cells

In the next step, a scoring table was created in which the individual irrigation maps
were ranked, and the agreement between the input data was analyzed. We determined the
following rules when ranking the validity and reliability of the products, prioritizing each
rule in the order as stated:
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1. Products with a higher resolution were considered more accurate and were therefore
preferred over lower-resolution maps [35];

2. Regional maps were expected to better capture regional details and characteristics
than global maps as their construction likely involved local experts [36];

3. Products created with novel machine-learning approaches were expected to be more
precise than maps produced using alternative approaches [14];

4.  Recent maps were considered more reliable than older maps since, in the last two
decades, a substantial improvement in the resolution of Earth observations has taken
place [14];

5. Irrigation maps were preferred over cropland maps because the former focus on
irrigation and therefore were expected to be more accurate than cropland maps.

The criteria resulted in a priority ranking of the input products, as shown in Table 2.

Table 2. Priority ranking of irrigation products for 2005 and 2015. See Table 1 for details about the
data sources.

Priority Ranking 2005 Priority Ranking 2015
IAM IAM
ESACCI ESACCI
NAGARA] NAGARA]J

GRIPC GIA
CHN ZOHAIB

Using this ranking, we prepared a scoring table that indicates the agreement between
the various irrigation products (Appendix A, Tables Al and A2). Since there were five
input products per timeframe, the scoring table ranged from 1 to 32. A pixel was assigned
a score of 1 if all input products agreed there was irrigation, whereas a higher score was
allocated when only a subset of the input maps indicated the presence of irrigation.

2.3.4. Calibration with National Statistics

Similar to [16] and [17], we calibrated the synergy products to the national statistics
on irrigated areas in China. We started by deriving data on irrigated areas for the province
(adm1) and the prefecture (adm?2) levels. The data was taken from the China Statistical
Yearbook. For 19 out of the 31 administrative levels in China, detailed adm1 and adm?2
information was available for both years. For the remaining units, we used adm1 data.
Appendix B, Table A3 provides an overview of available data per year.

In the second step, we combined all irrigation input products and calculated the median
and maximum irrigated area for each grid cell. Next, for each individual province/prefecture,
we ranked all grid cells from low (score of 1) to high (score of 32) uncertainty and included all
cells up to the level that the sum of the mean irrigated area was equal or slightly larger (i.e.,
two times the grid cell area) than the irrigated area according to the subnational statistics. To
determine the exact cut-off between grid cells with the same score, we also used the size of the
irrigated area in a grid cell as a criterion, assuming that larger values had a higher certainty than
lower values.

For a few regions, the sum of the mean irrigated area was still smaller than the total
irrigated area, as reported in the China Statistical Yearbook. To account for this, we used
the maximum instead of the mean irrigated area when selecting grid cells.

2.3.5. Validation

Finally, we validated the synergy irrigated area map using a sample of 614 points
distributed across China, which were retrieved from [26]. The samples contain the location
of 262 irrigated and 352 non-irrigated sites for the year 2000, which were obtained from
two sources, including a geo-coded ground truth dataset and manually labeling irrigated
areas using Google Earth. We assumed that the sample also reflects the situation in 2005
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and, therefore, can be used to validate the 2005 synergy irrigation map. We were not able
to obtain ground truth data to validate the 2015 synergy irrigation map.

We overlayed the point samples with the 2005 ESACCI land use map, which we used
as a mask to identify cropland in 2005, resulting in a sample of 472 points. Next, we
developed a confusion matrix that provided a summary of the match between the ground
truth sample and the synergy irrigation map [37]. With the confusion matrix, the overall
accuracy of the product was calculated.

3. Results
3.1. Synergy Irrigated Area Maps

After using the synergy approach, two maps were developed that depict the irrigated
area in China for 2005 and 2015 at a spatial resolution of 30 arc seconds (Figure 3). Most
irrigated area is located in the Eastern part of China, in particular in the Heilongjiang,
Henan and Shandong provinces. There is hardly any irrigation activity in the Southwest
and Middle of China, e.g., in Qinghai and Xizang provinces.

Irrigated [
area (ha) 20 40 g0

Figure 3. Synergy irrigation map for (a) 2005 and (b) 2015.

Figure 4 illustrates the percentage point change in irrigated areas distributed across
China between 2005 and 2015. The figure shows that, although the total net irrigation
increased from 55 million ha in 2005 to 66 million ha in 2015, an increase of approximately
20%, both expansion and contraction of the irrigated area seemed to have taken place at
the same time. If we only consider expansion, the total irrigated area in China increased
from 55 million ha to 87 million ha (+58%) over the period 2005-2015, while at the same
time, a decrease of 21 million ha (—38%) was observed.
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Irrigated area (million ha)

Contraction =15 pp
Contraction 0-15 pp

Expansion 0-15 pp 0

Expansion = 15 pp

=

2005 exp. con. 201

Figure 4. Change in the irrigated area: 2005-2015. (a) Percentage point change in the irrigated area at
the grid cell level. Change is measured as the difference in the share of irrigated area in the total grid
cell area between 2005 and 2015. The cut-off value of 15 pp is close to the 25% (11 pp decline) and
75% (22 pp increase) interquartile values. (b) Decomposition of the change in the total irrigated area
between 2005 and 2015 in terms of expansion (exp.) and contraction (con.). Totals may differ because
of rounding.

Figure 5 sheds light on the patterns of expansion and contraction at the province
level. In all provinces, both an increase and decrease in the irrigated area took place
at the same time. Nonetheless, three different patterns can be distinguished. First, in
Gansu, Guangdong, Guizhou, Hainan, Heilongjiang, Hubei, Liaoning, Ningxia Hui, Shanxi,
Xinjiang, Xizang and Yunnan provinces, there is a net increase in irrigated cropland because
the expansion in the irrigated area was much larger than the contraction. The largest
growth took place in Heilongjiang, which is the largest grain-producing area in China [38].

Second, in Beijing, Shanghai and Tianjin, the reverse pattern was observed, resulting
in a net decrease in irrigated area. This is not surprising as these three provinces are
characterized by rapid urban expansion. Finally, in the remaining provinces, the growth
and decline in irrigated cropland were more or less in balance, resulting in only a modest
change in the irrigated area between the two years.

In most cases, the expansion or the contraction was relatively small in comparison
to the other effect, or both effects were of modest size. Interesting exceptions are Anhui,
Chonggqing, Jiangsu and Shanxi, in which both growth and decline in the irrigated area of
more than 35% took place at the same time between 2005 and 2015. In all other regions,
expansion and /or contraction was much smaller than 35%.

3.2. Agreement between Input Maps

As explained above, all grid cells are given a score that measures the (dis)agreement
between the irrigation input products. Figure 6 shows the share of grid cells that were
identified as irrigated areas by one or more input maps. In 2015, for more than 30% of the
grid cells, at least four maps indicated the presence of irrigated area. The share increased to
over 85% if only two maps were considered. For 2005, the uncertainty was higher as for
only 18% at least four maps showed agreement. The share increased to 77% if only two
maps are considered.
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Figure 5. Change in the irrigated area by province, decomposed in an expansion and contraction
effect: 2005-2015. Columns to the left indicate the irrigated area in 2005 plus the expansion effect.
Columns to the right indicate the irrigated area in 2015 plus the contraction effect (compare with
Figure 4b).

100% A
75%
Number of maps
in agreement
R
2 2
50% 1 .
3
| B
M-
25%
0% -

2005 2015

Figure 6. Agreement between the number of input maps used to construct the synergy irrigation
maps. See Annex A for the corresponding input ranking and score.

3.3. Validation

Figure 7 illustrates the confusion matrix for the 2005 synergy map, revealing an overall
accuracy of 0.58 and a kappa coefficient of 0.16. The accuracy is somewhat lower than the
overall accuracy of 0.68 for the 2000 irrigation map presented in [26], which used the same
dataset for validation. The main reason for the difference in accuracy is the relatively high
number of false negatives (49% in comparison to 37%) in [26]) in our validation exercise,
while the number of false negatives was comparable.
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Confusion Matrix

Actual

Irigated Mot irmigated

Irrigated

Predicted

Not irrigated

Confusion matrix statistics

Sensitivity Specificity Precision Recall Balanced Accuracy
051 0.66 063 051 0.58
Accuracy Kappa
058 0.16

Figure 7. Confusion matrix for the 2005 synergy map.

4. Discussion
4.1. Policy Implementations

The irrigation maps produced by means of the synergy approach provided detailed
spatial information on the location of irrigated areas in China and how they changed
over time. Having information on where irrigation is (not) taking place will support the
identification of regions that require additional investment in irrigation equipment and
infrastructure. As certain provinces have a higher potential to expand their irrigated areas
due to favorable climatic and economic conditions, they might be prioritized [39]. With
the new irrigation maps, it can be investigated if irrigation is expanding in these areas or if
additional action plans are needed to support irrigation infrastructure.

In addition, the irrigation maps can also be used to support assessments of future food
demand and supply and the impact on land use change and the environment in China [40].
These assessments are often conducted with large spatially explicit simulation models,
which require detailed and up-to-date information on the geographical distribution of
irrigation. Apart from improving base year information, the synergy irrigation maps can
also be used for historical validation and calibration of such models as they cover two
different periods.

4.2. Strengths and Weaknesses

The synergy approach to creating irrigation maps has several strengths. It provides a
simple, transparent and tractable approach to combining different spatial datasets into a
single map that structures all available data, including a measure of the level of agreement
between the various input maps. Further, if new irrigation layers become available, they
can be easily incorporated to produce an updated product.

At the same time, the synergy approach also has several weaknesses that need to be
considered when using this approach and its outputs. The synergy maps are calibrated
(i.e., constrained) using subnational irrigation statistics from national sources, in this
case, information on irrigated areas in provinces and prefectures from China’s statistical
Yearbook. These statistics are based on surveys and field measurements that are uncertain
by themselves, which will be carried over to the synergy irrigation maps. Moreover, at



Water 2023, 15, 1666

10 of 16

least in China, the irrigation statistics only measure irrigated cropland, excluding irrigated
pastures and forests. This means that the synergy maps only present a partial and probably
underestimated map of irrigated areas in China.

The quality of the synergy product also depends on the quality of the irrigation maps
that are used as input. We used two global irrigation input maps with a resolution of
9 km and 25 km, respectively, which is much coarser than the resolution of the synergy
irrigation map (30 arc seconds). This means that their contribution to the final product is
limited. In addition, the input maps were produced using a variety of techniques, including
remote sensing, downscaling and machine learning, and included both cropland maps
with irrigation information and ‘pure’ irrigation maps. The diversity and combination
of the input irrigation products might explain why the uncertainty (i.e., a lower level of
agreement between maps) was higher for the 2005 synergy product in comparison to the
2015 map.

Another type of uncertainty is related to cropland maps we used to mask the synergy
irrigated maps. We used the ESACCI land use maps as they were the only high-resolution
time-series product that covered the period 2005-2015. However, also these maps lack
precision [41,42], which will also affect the location of irrigated areas identified by the
synergy approach.

Finally, validation of the synergy irrigated maps is difficult as it requires geo-coded
reference data on the location of irrigated and non-irrigated areas, which is not easily
available. The only information available for use represented irrigated sites in the year 2000,
which we used to validate the 2005 map. One of our findings is that the change in irrigated
areas in China is a highly dynamic process that is characterized by both expansion and
contraction, which occur at the same time. Similarly, crop rotation and shifting cultivation
might also result in different patterns of cropland use between 2005 and 2015. It is, therefore,
not unlikely that the information we used for validation only poorly reflects the situation
in 2005, resulting in a relatively low accuracy statistic.

A proper validation exercise requires the collection of a large database with ground
truth data, including both irrigated and non-irrigated locations. In the past, several crowd-
sourcing campaigns have been organized to collect such reference data, but so far, no efforts
have been undertaken to collect irrigation information [43]. To create and validate new
(synergy) irrigation maps, new initiatives are needed to collect ground truth information
on the location of irrigated crops.

4.3. Future Research

An interesting finding of this study is the pattern of simultaneous expansion and
contraction of irrigated areas that can be observed in many provinces. As described
above, we acknowledged that this might be partly explained by the fact that we are
combining and comparing maps with different resolutions that are produced with different
methodologies, possibly introducing a bias. Nonetheless, in provinces such as Anhui
and Shanxi, the change in irrigated areas is very dynamic, including both substantial
growth and decline in irrigated areas. Possible explanations for this finding might be
the deterioration and replacement of canal irrigation, the dominant form of irrigation in
China, with well irrigation [44]. Abandoned canal infrastructure may result in a pattern
of irrigation contraction, while growth in well irrigation may result in a spatial pattern of
irrigation expansion. Finally, the pattern might also be driven by changes in cropland. [45]
report that between 2010 and 2015, cropland in many provinces was replaced by urban land.
If the urban land replaced irrigated cropland, it would show up as a decline in irrigated
areas. An interesting avenue for future research would be to organize detailed case studies
to better understand the observed change in irrigated areas.

Finally, another option for future research would be to apply the synergy approach
to other regions to create more detailed and up-to-date irrigation maps. Although we
presented an application to China, the synergy approach can easily be applied to other
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regions using the same global irrigation input maps as used in this study, where possible,
supplemented by regional products [46].

5. Conclusions

In this paper, we developed and applied a synergy approach to creating 30 arc seconds
irrigated cropland maps for China that cover the period 2005 and 2015. The synergy
approach combines and integrates existing global and regional irrigation products into a
single map. The new Chinese irrigation maps reveal a highly dynamic pattern of change in
irrigated areas, which is characterized by a dynamic pattern of expansion and contraction
that takes place at the same time, often within the same province. More research is needed
to explain the observed patterns.

An advantage of the synergy approach to creating irrigation maps is that it is trans-
parent and can easily be applied to other regions using the same data sources as used in
this paper, where possible, supplemented by regional irrigation maps. A weakness of the
synergy approach is that validation of the output requires the use of geo-coded information
on the location of irrigated and non-irrigated fields, which are generally not available.
New initiatives are needed to create a database with ground truth data that can be used to
validate (synergy) irrigation maps.
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Table A2. Cont.

Agreement Score IAM ESA GIA NAGARAJ ZOHAIB
3 12 1 0 0 1 1
3 13 0 1 1 1 0
3 14 0 1 1 0 1
3 15 0 1 0 1 1
3 16 0 0 1 1 1
2 17 1 1 0 0 0
2 18 1 0 1 0 0
2 19 1 0 0 1 0
2 20 1 0 0 0 1
2 21 0 1 1 0 0
2 22 0 1 0 1 0
2 23 0 1 0 0 1
2 24 0 0 1 1 0
2 25 0 0 1 0 1
2 26 0 0 0 1 1
1 27 1 0 0 0 0
1 28 0 1 0 0 0
1 29 0 0 1 0 0
1 30 0 0 0 1 0
1 31 0 0 0 0 1
0 32 0 0 0 0 0

Appendix B

Table A3. Overview of data availability for the calibration of the synergy products per administrative
unit. X indicates the availability of data.

adm?2 ‘05 adm1 ‘05 adm2 ‘15 adm1 “15 adm?2 “05/"15

Anhui X X X
Beijing X X

Chonggqing X X

Fujian X X

Gansu X X X
Guangdong X X X
Guangxi X X

Guizhou X X

Hainan X X X
Hebei X X X
Heilongjiang X X

Henan X X

Hubei X X X
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Table A3. Cont.

adm?2 ‘05 adm1 ‘05 adm?2 ‘15 adm1 ‘15 adm?2 ‘05/'15
Hunan X X X
Nei Mongol X X X
Jiangsu X X X
Jiangxi X X X
Jilin X X X
Liaoning X X X
Ningxia Hui X X
Qinghai X X
Shaanxi X X X
Shandong X X X
Shanghai
City X X X
Shanxi X X
Sichuan X X X
Tianjin City X X X
Xizang X X
Xinjiang X X
Uygur
Yunnan X X X
Zhejiang X X X
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