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Abstract 12 

The massive use of pesticides has caused environmental problems, and it is urgent to 13 

reduce the use of pesticides. Pesticide use is closely related to social and economic 14 

activities, but few studies have quantified the contribution of socioeconomic factors to 15 

changes in pesticide use. Hence, based on the multiregional input–output (MRIO) 16 

model and structural decomposition analysis (SDA), this study quantified the 17 

contribution of pesticide use intensity, production structure, local consumption and 18 

distant consumption to changes in pesticide use in China from 2012 to 2017 and further 19 

analysed the effect of distant consumption on local pesticide use at the provincial and 20 

sectoral levels. The results showed that the total use of pesticides showed a downward 21 

trend during 2012-2017. Specifically, the intensity of pesticide use was an important 22 

factor for the decrease in pesticide use, resulting in a decrease of 4.9105 tons of 23 

pesticide use. Nevertheless, local and distant consumption were the primary factors for 24 

the increase in pesticide use, resulting in increases of 4.37×105 and 1.21×105 tons, 25 

respectively. More importantly, provinces with high added value of primary industry 26 

bear the risk of pesticide pollution in provinces with high per capita GDP due to distant 27 

consumption. Moreover, the agriculture and food sectors are the most important sectors 28 

affected by distant consumption. Therefore, it is necessary to clarify provincial and 29 

sectoral responsibilities for pesticide use due to distant consumption and to encourage 30 

cross-regional technical support and sectoral cooperation for pesticide reduction. 31 

Keywords: socioeconomic; pesticide; telecoupling; consumption 32 
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1. Introduction 34 

More than 17 million tons of pesticides were used in agricultural production worldwide 35 

in 2019 (FAO 2019) to improve food production to meet the increasing food demand, 36 

and this figure will continue to increase in the future (Tang et al. 2021). The overuse of 37 

pesticides leads to soil pollution, loss of species diversity, threats to human health, and 38 

other environmental problems (Beketov et al. 2013; Ippolito et al. 2015; Zaller et al. 39 

2021). Pesticide use is directly linked to agricultural activities; therefore, the 40 

environmental problems caused by pesticides are usually attributed to the agricultural 41 

production party. However, with the development of trade, pesticide usage in 42 

agricultural production activities becomes closely related to the consumption of 43 

agricultural products (Longo and York 2008). To achieve pesticide reduction targets, 44 

the socioeconomic drivers of changes in consumption-based pesticide use need to be 45 

further revealed. Previous research has demonstrated that the environmental problems 46 

caused by local agricultural production are closely related to distant social and 47 

economic activities (Ibarrola-Rivas et al. 2020; Sun et al. 2017; Yao et al. 2018). 48 

Similarly, pesticides are embodied in agricultural products, which are consumed not 49 

only by local consumers but also by distant consumers. Hence, it is necessary to explore 50 

the socioeconomic drivers of change in pesticide use and quantify the contribution of 51 

tele-consumption to local pesticide use to reduce pesticide use and clarify the 52 

responsibility for pesticide use. 53 

In recent decades, many studies have explored the factors that change pesticide use 54 

from a socioeconomic perspective (Brankov et al. 2021; Chen et al. 2013; Molomo et 55 

al. 2021; Osteen and Fernandez-cornejo 2013). Specifically, the fall in the price of 56 

pesticides has made farmers realize that the return on pesticide use can be greater than 57 

the input, which has led to an increase in the use of pesticides (Osteen and Fernandez-58 

cornejo 2013). Raising farmers' awareness and knowledge could reduce pesticide use 59 

by 10-15% (Chen et al. 2013). Moreover, Skevas et al. (2012) pointed out that taxation 60 

could reduce the total use of pesticides to a certain extent, but high taxes cannot 61 

significantly reduce pesticide usage because a 4% reduction in the use of pesticides 62 

resulted in a 22% reduction in agricultural income. In addition, pesticide use is 63 

influenced by economic factors, such as GDP and foreign investment (Jorgenson and 64 

Kuykendall 2008; Longo and York 2008). For example, increased exports of 65 

agricultural products would lead to increased consumption of pesticides. Moreover, 66 

according to the environmental Kuznets curve (EKC), in the first stage of income 67 

growth, income is positively correlated with the increase in pesticide use (Brankov et 68 

al. 2021). These studies investigated the strength of the relationship between major 69 

socioeconomic factors and pesticide use, but they did not quantify the contribution of 70 

each socioeconomic factor. Quantitative measurement of the impact of socioeconomic 71 

factors on changes in pesticide use can identify the drivers of changes in pesticide use 72 

and provide a reference for pesticide reduction. Hence, to address this problem, we refer 73 



to structural decomposition analysis (SDA). SDA is often used to quantify the 74 

contribution of socioeconomic factors to environmental variables, such as energy use 75 

(Wang et al. 2020), carbon emissions (Fang and Yang 2021; Luo et al. 2020), virtual 76 

water (Feng et al. 2017; Sun et al. 2021; Sun et al. 2019; Xiong et al. 2020; Zhang et al. 77 

2012), mercury emissions (Guo et al. 2019) and other fields (Zhang et al. 2021). For 78 

example, Sun et al. (2021) believe that the growth of economic scale is the main reason 79 

for the outflow of industrial embodied wastewater and that the optimization and 80 

upgrading of industrial structure can reduce the transfer and discharge of industrial 81 

embodied wastewater. Franco-Solís and Montanía (2021) determine that globalized 82 

trade has led to an increase in agricultural land embodied in trade and that increased per 83 

capita consumption and population expansion in developed economies are the main 84 

socioeconomic drivers of deforestation. These studies quantified the contribution of 85 

socioeconomic drivers (production structure, market demand, population, etc.) to 86 

environmental variables. In the same way, we can use SDA to identify the contribution 87 

of socioeconomic factors to the change in pesticide use. 88 

In addition, the development of product supply chains, improved ways of storing 89 

agricultural products, and the growth of long-distance transportation have all facilitated 90 

trade links and provided favorable conditions for tele-consumption. As a consequence, 91 

agricultural products treated with pesticides are also consumed in distinct places far 92 

from where they were produced and where pesticides were used. This interaction 93 

between distant socioeconomic activities and environmental problems is called 94 

telecoupling (Liu et al. 2007; Wang and Liu 2017). Since agricultural activities are 95 

active interfaces connecting the social economy and natural resources, many studies 96 

use the telecoupling framework to focus on agricultural activities and environmental 97 

problems (Chen et al. 2019; Chung and Liu 2019; Ibarrola-Rivas et al. 2020; Sun et al. 98 

2017; Wang et al. 2021; Yao et al. 2018). At present, multiregional input–output (MRIO) 99 

analysis is a mature method used in telecoupling research to track the connection 100 

between sectors and regions and link environmental problems in production with 101 

consumption (Chang and Su 2021; Lenzen et al. 2012; Wang et al. 2021; Yu et al. 2013). 102 

MRIO has been used for telecoupling analysis in soil erosion (Wang et al. 2021), runoff 103 

distribution (Chang and Su 2021), carbon emissions (Han et al. 2020), virtual water 104 

(Sun et al. 2019), land use (Chung and Lee 2020; Sun et al. 2017), and other fields 105 

(Lenzen et al. 2012; Luo et al. 2020; Yao et al. 2018; Yu et al. 2013). Yao et al. (2018) 106 

reveal that the macro development of China's economy has boosted the total amount of 107 

soybeans exported by Brazil and other countries, resulting in the expansion of farmland 108 

and deforestation and damaging the Brazilian ecosystem. Wang et al. (2021) found that 109 

19.16% of the total soil erosion, nearly 338.78× 106  tons, was related to distant 110 

consumption. These studies used the telecoupling framework to conceptualize the 111 

interactions between long-distance trade and drivers of environmental change at the 112 

macro level. Similarly, from the consumption point of view, agricultural products 113 



affected by pesticides are consumed not only locally but also in places far away from 114 

agricultural production. The negative environmental impact of pesticide use needs to 115 

be solved both locally and in distant places. Therefore, it is indispensable to quantify 116 

the specific effects of distant consumption on local pesticide use using the telecoupling 117 

framework. 118 

In China, more than one million tons of pesticides are used in food production every 119 

year (NBSC 2011-2020), leading to serious environmental problems with considerable 120 

regional heterogeneity. Thus, understanding the contribution of socioeconomic factors 121 

to changes in pesticide use and the pesticide use reflected in interregional trade is the 122 

first step in clarifying the responsibility for pesticide use and reducing pesticide use. In 123 

this study, first, we quantified the contribution of each main socioeconomic factor, 124 

including the intensity effect of pesticide use, production structure effect, local 125 

consumption effect, and distant consumption effect, to the change in pesticide use by 126 

SDA. Next, we estimated regional and sectoral demand for telecoupled pesticide usage 127 

in agricultural activities and explored the relationship between distant consumption and 128 

local pesticide use by using MRIO. 129 

2. Method and data 130 

2.1 Environmentally extended multiregional input–output model 131 

The multiregional input–output (MRIO) model considers the production correlation 132 

between regions and traces the flow direction of products among different regions (Guo 133 

et al. 2019; Liu et al. 2021; Wang et al., 2020). In the MRIO model, it is assumed that 134 

there are M regions and N sectors in one region, and the relationship between final 135 

demand and total output is: 136 

 𝑥 = (𝐼 − 𝐴)−1𝑦 = 𝐿𝑦 (1) 137 

 𝐴 = [  
  𝐴11 ⋯ 𝐴1𝑠 ⋯ 𝐴1𝑀⋮ ⋱ ⋮ ⋱ ⋮𝐴𝑟1 ⋯ 𝐴𝑟𝑠 ⋯ 𝐴𝑟𝑀⋮ ⋱ ⋮ ⋱ ⋮𝐴𝑀1 ⋯ 𝐴𝑀𝑟 ⋯ 𝐴𝑀𝑀]  

  
 (2) 138 

where 𝑥  is the total output; y represents final demand, including investment, 139 

consumption, and exports;  𝐿 = (𝐼 − 𝐴)−1  represents the Leontief inverse matrix, 140 

representing the production structure; 𝐼  is the identity matrix; and 𝐴  is the direct 141 

coefficient matrix, which means that the unit output of a sector requires the input of 142 

another sector. 143 

The environmentally extended input–output model uses the input–output relationship 144 

to identify the indirect impact of economic activities on the environment and studies 145 

the transfer of products and pollutants between regions and sectors by putting 146 

environmental pressure into the input–output table. Consequently, we consider 147 

pesticide use in the IO table. The relationship is denoted as follows: 148 



𝑒𝑎𝑔𝑟𝑟 = 𝐹𝑢𝑠𝑒𝑟 /𝑥𝑎𝑔𝑟𝑟        (3) 149 

where 𝑒𝑎𝑔𝑟𝑟  represents the intensity of pesticide use in the agricultural sector in region 150 

r; 𝐹𝑢𝑠𝑒𝑟   is the amount of pesticide used in region r; and 𝑥𝑎𝑔𝑟𝑟   represents the total 151 

output of the agricultural sector in region r. 152 

Therefore: 153 

 𝐹 = �̂�(𝐼 − 𝐴)−1𝑌 = �̂�𝐿𝑌 (4) 154 

where F is pesticide use and �̂� is the intensity of pesticide use in each sector. 155 

2.2 Structural decomposition analysis (SDA) 156 

SDA decomposes the overall change to several component indexes based on the IO 157 

table. SDA reveals the change law of each factor in the economic system (Gao et al. 158 

2019; Luo et al. 2020; Wang and Liu 2021). In this paper, SDA is used to analyse the 159 

influence of final demand on pesticide use in different regions in different periods and 160 

the direct and indirect factors affecting pesticide use in the process of interconnecting 161 

sectors of economic activities. 162 

Suppose the variable P can be represented as P=XYZ; then: 163 

 ∆𝑃 = 𝑃1 − 𝑃0 = 𝑋1𝑌1𝑍1 − 𝑋0𝑌0𝑍0 = (𝑋0 + ∆𝑋)(𝑌0 + ∆𝑌)(𝑍0 + ∆𝑍) − 𝑋0𝑌0𝑍0 =164 𝑋0∆𝑌𝑍0 + ∆𝑋𝑌0𝑍0 + ∆𝑋∆𝑌𝑍0 + 𝑋0𝑌0∆𝑍 + 𝑋0∆𝑌∆𝑍 + ∆𝑋𝑌0∆𝑍 + ∆𝑋∆𝑌∆𝑍 (5) 165 

Therefore, the influence of X, Y, and Z on the variation in P is shown as: 166 

 𝑋𝑒𝑓𝑓𝑒𝑐𝑡 = ∆𝑋𝑌0𝑍0 + ∆𝑋(∆𝑌𝑍0+𝑌0∆𝑍)2 + ∆𝑋∆𝑌∆𝑍3  (6) 167 

 𝑌𝑒𝑓𝑓𝑒𝑐𝑡 = 𝑋0∆𝑌𝑍0 + ∆𝑌(∆𝑋𝑍0+𝑋0∆𝑍)2 + ∆𝑋∆𝑌∆𝑍3  (7) 168 

 𝑍𝑒𝑓𝑓𝑒𝑐𝑡 = 𝑋0𝑌0∆𝑍 + ∆𝑍(∆𝑋𝑌0+𝑋0∆𝑌)2 + ∆𝑋∆𝑌∆𝑍3  (8) 169 

where subscript 1 represents the value of the variable in period 1, while the prescript ∆ 170 

represents the change in the variable from period 0 to period 1. 171 

Since pesticide use is closely related to distant consumption, and according to previous 172 

studies and China's multiregional input–output table and combined with SDA 173 

(Jorgenson and Kuykendall 2008; Wang et al. 2021), the change in pesticide use is 174 

decomposed into four driving factors: intensity of pesticide use, production structure, 175 

local consumption, and distant consumption, namely: 176 

 𝑌 = 𝑌𝑙𝑜𝑐𝑎𝑙 + 𝑌𝑑𝑖𝑠𝑡𝑎𝑛𝑡 (9) 177 

 𝐹 = �̂�𝐿𝑌 = �̂�𝐿(𝑌𝑙𝑜𝑐𝑎𝑙 + 𝑌𝑑𝑖𝑠𝑡𝑎𝑛𝑡) (10) 178 

where Y represents final demand, Ylocal represents local consumption, and Ydistant is 179 

distant consumption. 180 

Further decomposition of the change in pesticide use is: 181 

 ∆𝐹 = 𝑑𝑒 + 𝑑𝐿 + 𝑑𝑌𝑙 + 𝑑𝑌𝑑 (11) 182 

where 𝑑𝑒, 𝑑𝐿, 𝑑𝑌𝑙, and 𝑑𝑌𝑑  represent the intensity effect of pesticide use, production 183 

structure effect, local consumption effect, and distant consumption effect, respectively. 184 



Specifically, the intensity effect refers to the impact of the amount of pesticide used per 185 

unit output on the change in total pesticide use. The production structure effect refers 186 

to the change in the direct coefficient matrix, namely, the Leontief inverse matrix, on 187 

the total amount of pesticide. The Leontief inverse matrix reflects the linkages between 188 

sectors of the economy and the flow and consumption of intermediate goods in the 189 

production process. Local and distant consumption effects refer to the impact of local 190 

and distant final demand on pesticide use in all sectors of an area. 191 

2.3 Data 192 

The data required in this study are China's multiregional input–output table and the 193 

pesticide usage in each province. The input–output tables we use are from the most 194 

recent data available from CEADS (www.ceads.net) (Zheng et al. 2021) and include 195 

the multiregional input–output tables for 31 provinces in China, excluding Hong Kong, 196 

Macau, and Taiwan, in 2012, 2015, and 2017, divided into 42 sectors. Then, the amount 197 

of pesticide used by each province is obtained from the annual Statistical Yearbook of 198 

China's Rural Areas. 199 

3. Results 200 

3.1 Change in pesticide usage and its socioeconomic drivers 201 

Pesticide usage in China decreased from 1.8 106 tons to 1.6106 tons from 2012 to 202 

2017. The intensity of pesticide usage and production structure led to a 4.9105 tons 203 

and 2.1105 tons reduction in pesticide use, respectively, while local and distant 204 

consumption led to increases in pesticide use of 2.1105 and 1.2105 tons. In addition, 205 

the change in pesticide use and the contributions of various factors were different at 206 

different stages (Fig. 1). From 2012 to 2015, pesticide usage was reduced by 1.28%, or 207 

by 2.3×104 tons. In this period, the decline in the intensity of pesticide use was the 208 

primary factor leading to the reduction in pesticide usage, which fell by approximately 209 

3.4×105 tons in the absence of other factors. However, local consumption and distant 210 

consumption led to increases in pesticide use of 2.7×105 tons and 4.7×104 tons, 211 

respectively. Accordingly, local and distant consumption offset most of the change 212 

caused by the intensity effect of pesticide use. The influence of production structure 213 

had little influence on the change in pesticide use at this stage. In contrast, from 2015 214 

to 2017, pesticide use decreased by approximately 1.3×105 tons, 5.7 times the reduction 215 

in pesticide use in the previous period. The production structure, resulting in a 2.2105 216 

tons reduction in pesticide use, played a vital role in the change in pesticide use. 217 

Meanwhile, the intensity of pesticide use led to a 1.5×105 tons reduction in pesticide 218 

use. However, the demand for pesticide use for local and distant consumption is still 219 

increasing and plays an important role in the increase in pesticide usage. 220 



 221 

Fig. 1 Changes in pesticide usage and its socioeconomic drivers in China. Changing 222 

trends in pesticide usage during two periods (2012-2015, 2015-2017) and four driving 223 

factors (intensity, production structure, local consumption, and distant consumption 224 

effect). Percentages next to each bar chart indicate the effect of this driver on pesticide 225 

use during the period without other factors. The percentage below the arrow represents 226 

the impact of the four drivers on pesticide use. 227 

3.2 Interprovincial pesticide use flows 228 

Large disparities in pesticide usage exist across provinces (Table. 1). Shandong, Henan, 229 

Hunan, Guangdong and Hubei ranked the top five among the 31 provinces in terms of 230 

pesticide usage in 2017, using 1.41105 tons, 1.21105 tons and 1.16105 tons, 231 

respectively. Tibet had the lowest pesticide use of 1.08103 tons. Furthermore, pesticide 232 

usage in most provinces showed a decreasing trend from 2012 to 2017. Gansu had the 233 

largest reduction in pesticide use at 2.69104 tons, followed by Anhui (1.17104 tons) 234 

and Hubei (1.11104 tons). 235 

 236 



Table. 1 Pesticide usage (tons) by province in 2012, 2015 and 2017. Provinces were 237 

ranked according to pesticide usage in 2017 from largest to smallest. 238 

Province 2017 2015 2012 

Shandong 140670 151004 161955 

Henan 120713 128748 128289 

Hunan 116023 122353 122980 

Guangdong 112958 113782 113878 

Hubei 109588 120685 139524 

Anhui 99394 111048 116741 

Jiangxi 87737 93873 100413 

Heilongjiang 83218 82949 80511 

Hebei 77623 83328 84831 

Jiangsu 73167 78100 83675 

Guangxi 72495 74916 67784 

Yunnan 57675 58648 55326 

Liaoning 57474 59875 59053 

Jilin 56294 62285 51239 

Sichuan 55751 58912 60317 

Fujian 52167 55770 57846 

Gansu 51995 78848 73748 

Zhejiang 46303 56458 62874 

Inner Mongolia 35618 32961 29924 

Hainan 33408 39800 39637 

Shanxi 28831 31035 29810 

Xinjiang 27670 25838 19848 

Chongqing 17467 18199 19480 

Guizhou 13399 13722 14450 

Shaanxi 13335 13092 12952 

Shanghai 3523 4415 5817 

Beijing 2726 3174 3879 

Ningxia 2540 2593 2740 

Tianjin 2353 3528 3808 

Qinghai 1875 1956 1805 

Tibet 1076 1074 923 

There is a link between local pesticide use and distant consumption in other provinces 239 

(Fig. 2). Pesticides act on agricultural products, which may be consumed far from where 240 

the pesticide is used. This telecoupling effect leads to the flow of embodied pesticide 241 

usage in agricultural trade and the transfer of pesticide pollution risks. The share of 242 

telecoupled pesticide usage in total pesticide usage varied greatly in different regions 243 



(Fig. 2). Jilin had the largest share of telecoupled pesticides in total pesticide usage at 244 

37%, followed by Hainan (36%) and Heilongjiang (35%) in 2017, showing that these 245 

provinces bore the risk of pesticide pollution from other provinces due to distant 246 

consumption. However, Shanxi, Hubei, and Tibet had small shares of telecoupled 247 

pesticide use (4%, 4%, and 5%, respectively), indicating that these provinces 248 

themselves should be primarily responsible for the risk of pesticide pollution. In 249 

addition, provinces with a large share of telecoupled pesticide usage to total pesticide 250 

usage do not always have a large transfer of telecoupled pesticide usage to other 251 

provinces. For example, Jilin, with a large telecoupled share (37%), had 2.1×104 tons 252 

less than Sichuan (2.9×104 tons, 35%). 253 

 254 

Fig. 2 Share of telecoupled pesticide use in each province 255 



Fig. 3 further shows the interprovincial transfer of telecoupled pesticide usage. It is 256 

worth noting that pesticide usage embodied in local consumption was eliminated in Fig. 257 

3 to highlight the telecoupling effects. Beijing, Shanghai, Zhejiang, Guangdong and 258 

Tianjin have negligible outflows and large inflows in their total telecoupled pesticide 259 

usage (Fig. 3), indicating that these provinces transfer the risk of pesticide pollution 260 

elsewhere by purchasing agricultural products. In contrast, Hubei, Hunan, Anhui, Jilin, 261 

and Henan, with heavy pesticide usage, have relatively large outflows, implying that 262 

these provinces can export a large number of agricultural products to other provinces 263 

and bear the risk of pesticide pollution in other provinces. In addition, due to the decline 264 

in total pesticide use, the transfer of telecoupled pesticide usage embodied in 265 

agricultural trade by province decreased from 2012 to 2017. Overall, the regional 266 

disparities indicate that provinces with high GDP per capita (Fig. S2) transfer the risk 267 

of pesticide pollution to provinces with high added value of the primary industry (Fig. 268 

S1) by importing agricultural products from them. For example, Shanghai transferred 269 

the risk of pesticide pollution to Anhui, Hunan, and Henan in 2012 (Fig. 3a). 270 



 271 



Fig. 3 Telecoupled pesticide usage connected to distant consumption in 2012 (a), 272 

2015 (b) and 2017 (c). The width of the outer circle bar represents a province's total 273 

telecoupled pesticide use, both inflow and outflow. The colour of the outer circle 274 

represents the inflow of telecoupled pesticide usage, and the colour band of the inner 275 

circle represents the outflow of telecoupled pesticide usage. 276 

3.3 Sectoral demand for telecoupled pesticide usage 277 

From the perspective of industries, the demand for telecoupled pesticide usage in the 278 

primary, secondary and tertiary industries changed from 2012 to 2017. Specifically, the 279 

demand for telecoupled pesticide usage in the primary industry decreased from 41% to 280 

29% (Fig. 4). The proportion of the demand for telecoupled pesticide usage in the 281 

secondary industry increased from 51% to 60%, and that in the tertiary industry 282 

increased from 7% to 10% (Fig. 4). Furthermore, the demand for telecoupled pesticide 283 

usage in the primary industry in most provinces decreased, and the demand in the 284 

secondary and tertiary industries increased from 2012 to 2017. For example, demand 285 

from the primary industry for telecoupled pesticide usage in Heilongjiang dropped from 286 

1.2×104 tons to 3.8×103 tons. The demand from secondary industry rose from 1.1×104 287 

tons to 2.1×104 tons, and the demand from tertiary industry rose from 1.0×103 to 288 

3.7×103 tons. 289 



 290 

Fig. 4 Telecoupling between local pesticide use and distant industry. The three-bar 291 

charts of each province show, from bottom to top, the demand for telecoupled pesticide 292 

usage by the primary, secondary and tertiary industries in 2012, 2015 and 2017. 293 

Provinces are ranked from lowest to highest in terms of telecoupled pesticide usage in 294 

2017. The pie chart represents the demand for telecoupled pesticide usage by primary, 295 

secondary, and tertiary industries in China from inside to outside in 2012, 2015, and 296 

2017, and the percentage represents the proportion. 297 

 298 

The demand of each sector for telecoupled pesticide usage varied. Fig. 5 shows the 299 

distribution of telecoupled pesticide usage due to sectoral demands. The demand for 300 

telecoupled pesticide usage in the AGR (agricultural) sector was 8.7×104 tons, 301 



accounting for 29% of the total telecoupled pesticide usage. In contrast, the demand for 302 

telecoupling pesticide usage in the nonagricultural sector accounted for 71% of total 303 

telecoupling pesticide usage, which was higher than the share in the agricultural sector. 304 

Moreover, the FOD (food) sector had a large demand for telecoupled pesticide usage, 305 

amounting to approximately 1.1×105 tons and accounting for 37% of the total 306 

telecoupled pesticide usage. Therefore, the FOD sector should take more responsibility 307 

for environmental pollution caused by pesticides. In addition, the AGR and FOD sectors 308 

of Heilongjiang, Henan, Jilin, Hunan, and Hebei Provinces had a large demand for 309 

telecoupled pesticides, mainly because agriculture is more developed, represented by 310 

the high added value of the primary industry (Fig. S1). 311 

 312 

Fig. 5 Region-specific sector telecoupling in 2017. The colour depth represents the 313 

distribution of telecoupled pesticide usage by sectoral demands in each province, and 314 

to optimize illustration, we used acronyms for sectors; the detailed names can be found 315 

in the supplementary information (Table S1). Since the structure of telecoupled 316 

pesticide usage caused by industrial demand based on distant consumption in all 317 

provinces from 2012 to 2017 is similar (Fig. S3), the telecoupled pesticide usage caused 318 

by the demand of each sector in 2017 is taken as an example for analysis. 319 

4. Discussion and policy implications 320 

We quantified the contribution of the intensity effect of pesticide use, production 321 

structure effect, local consumption effect and distant consumption effect to changes 322 

in pesticide use during 2012-2015 and 2015-2017 (Fig. 1). Overall, the intensity 323 

effect of pesticide use resulted in a 4.93×105 tons reduction in pesticide usage during 324 

the two periods (Fig. 1). We attributed the decline in the intensity of pesticide use to 325 

policies, advanced agricultural technologies and a shift in the way farmers use 326 

pesticides. The Zero Growth Action Plan for Pesticide Use Deployment by 2020 327 
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promulgated by the Ministry of Agriculture of China in 2015 played a vital role in 328 

curbing the increase in pesticide use at the source and reducing the intensity of 329 

pesticide use. Furthermore, technological advances can affect the intensity of 330 

pesticide use. As the utilization of pesticides increases, the use of pesticides will 331 

decrease (Li et al. 2020). Additionally, farmers mostly rely on empirical knowledge 332 

to use pesticides, resulting in excessive use of pesticides (Dasgupta et al. 2007; Zhang 333 

et al. 2015). In recent years, professional institutions have expanded the regional 334 

scope of technical guidance to restrict the use of pesticides (Huang et al. 2020; Pan 335 

et al. 2021). Hence, improving the pesticide knowledge of farmers can reduce the 336 

total use of pesticides (Chen et al. 2013), which will lead to a reduction in the intensity 337 

of pesticide use. 338 

In addition, the production structure reflects the linkages between sectors in the 339 

economic system. Pesticides become intermediate products through agricultural 340 

production, circulation and consumption in the economic system. The production 341 

structure led to an increase in pesticide use from 2012 to 2015 and a decrease in 342 

pesticide use from 2015 to 2017 (Fig. 1). This may be due to the adjustment of the 343 

Chinese production structure and industrial transformation in recent years, leading 344 

other sectors to reduce their dependence on agriculture. As a result, other sectors can 345 

introduce advanced technology and optimize the production structure to reduce their 346 

dependence on agriculture, which can play an important role in reducing the amount of 347 

pesticide usage. 348 

Distant and local consumption increased pesticide use by 4.37×105 and 1.21×105 tons 349 

from 2012 to 2017, respectively (Fig. 1). With the rapid development of interprovincial 350 

trade, the contribution of distant consumption to changes in pesticide use increased in 351 

2015-2017 compared to 2012-2015. Our findings illustrated provinces with high GDP 352 

per capita transfer telecoupled pesticide usage to provinces with high added value of 353 

primary industry through distant consumption (Fig. 3). Therefore, to reduce the use of 354 

pesticides and the risk of pesticide contamination, the government needs to strengthen 355 

interprovincial environmental control and regional joint prevention. Knowledge 356 

spillover between provinces should be strengthened through regional cooperation and 357 

technology transfer (Jiang et al. 2018; Yang et al. 2014). In summary, cross-regional 358 

technical support and investment mechanisms should be encouraged (Shao et al. 2020). 359 

Interregional cooperation should be strengthened to achieve the goal of reducing 360 

pesticide use and environmental risks (Han et al. 2020).  361 

From the point of view of sectors, demand for telecoupled pesticide usage in the 362 

nonagricultural sector accounted for approximately 71% of the total telecoupled 363 

pesticide. More specifically, the FOD sector, as one of the nonagricultural sectors most 364 

closely associated with agricultural products, accounted for 37% of the total telecoupled 365 

pesticide use. The FOD sector could choose green and pollution-free raw materials for 366 

product processing to limit the abuse of pesticides by producers and restrict the use of 367 



pesticides from the source. Moreover, pesticide use and other environmental costs 368 

internalized into product prices were proven to be one of the effective ways to reduce 369 

environmental impact (Bi and Shi 2015; Stobbelaar et al. 2009). In contrast, the 370 

nonfood sector indirectly consumed pesticides by consuming agricultural products, 371 

accounting for 33.9% of the total telecoupled pesticide usage. The nonfood sector can 372 

introduce advanced technology and equipment and become less dependent on the 373 

agricultural sector. Therefore, to achieve the goal of pesticide reduction, it is necessary 374 

for all sectors to cooperate with each other. 375 

There are some limitations in this study. Since we lack the specific use data of pesticides, 376 

we assume that pesticides are widely used only in the agricultural sector and do not 377 

break down the specific sectors of pesticide use (such as crops, forestry, and animal 378 

husbandry). If the agricultural sector collects specific data on pesticide use, future 379 

research will be able to identify more specific factors influencing changes in pesticide 380 

use across regions and sectors for the transfer of pesticide pollution risk due to distant 381 

consumption. 382 

5. Conclusion 383 

This study reveals the socioeconomic driving factors of changes in pesticide usage in 384 

China from 2012 to 2017 and explains the impact of distant consumption on local 385 

pesticide use from the provincial and sectoral perspectives. The intensity of pesticide 386 

use was the most important factor in reducing pesticide use. Local consumption and 387 

distant consumption were the main factors leading to the increase in pesticide use. 388 

Moreover, distant consumption contributed more to the reduction in pesticide use from 389 

2015 to 2017 than from 2012 to 2015. By analysing the flow of pesticide usage from 390 

distant consumption, we found that provinces with high GDP per capita purchased 391 

agricultural products with embodied pesticide use from provinces with high added 392 

value of primary industry, so the former transferred the risk of pesticide pollution to the 393 

latter. In addition, from the sectoral perspective, AGR and FOD are the two sectors with 394 

the largest demand for telecoupled pesticide usage. Our study clarifies the 395 

responsibility for pesticide use at the provincial and sectoral levels and calls for 396 

interprovincial and sectoral cooperation to reduce pesticide pollution. 397 
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