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Abstract: The agricultural sector of Tay Ninh province accounts for about 28% of the 

provinceôs economic structure with agricultural land areas of 269,250 ha, contributing to 

66.7%; particularly, cultivation accounts for 80% of the agricultural economic structure 

value. Sustainable agricultural development is an urgent mission as the local agricultural 

sector plays a quite important role in the local economy. Currently, tropospheric O3 has been 

evaluated as an air pollutant, causing crop yield reduction and significant economic damage. 

This study had built a methodological framework based on the application of the coupled 

Weather Research and Forecasting (WRF)/ Community Multiscale Air Quality Modeling 

System (CMAQ) model to assess the status of ground-level O3 concentration allocation in 

Tay Ninh province, Vietnam with typical cases of crop seasons (spring paddy and maize) 

in 2018, combined with existing exposure-response functions to quantify agro-economic 

losses. With the simulated 8-hour mean surface O3 concentration (daytime) ranging from 

10.9 to 113.5 ɛg/m3, the economic impacts on rice (the spring season) and maize production 

were determined to reach more than 184 billion VND, contributing to roughly 0.18% in the 

total Gross Regional Domestic Product (GRDP) of Tay Ninh province in 2018. Moreover, 

this is also considered a baseline study to serve as a basis for extensive assessments and 

propose O3 precursor emissions control measures shortly.  

Keywords: Ground-level O3; Spatio-temporal distributions; Exposure; Crop production 

losses; Economic impacts. 

 

1. Introduction  

Tropospheric ozone or ground-level ozone (O3) is one of the major global pollutants, 

proven to have harmful effects on natural vegetation and harvest in previously available studies 

[1ï3]. High concentrations of O3 disrupt plant metabolism, promote leaf senescence, and reduce 

chlorophyll content and photosynthesis rate, leading to reduced crop yields, especially for O3 

sensitive crops such as rice from Asia [4]. Ground-level O3 is a secondary air pollutant formed 

from the oxidation of the hydroxyl radical of CO or hydrocarbons in the presence of nitrogen 

oxides (NOx) and sunlight [5]. Ozone is not only one of the greenhouse gases that directly 

contributes to global warming, but also indirectly reduces the carbon sink of the terrestrial 

ecosystems [6]. Notably, O3 concentration in Asia is still trending up as rapid industrialization 

and urbanization continue in these areas, but emissions of precursors of O3 such as NOx and 

VOCs have increased significantly [7]. Particularly in China, O3 concentration levels have 
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increased at a much higher rate than in other countries in the region, whose quite high O3 

concentration is threatening security of national food staples and could be exacerbated in the 

future if this trend continues [8]. Several study results reported that China and India might 

experience heavier crop yield losses (CYLs) soon due to the expected increase in O3 

concentrations [9]. These outcomes presented that the high O3 concentration predicted in 2020 

had resulted in a China-wide corn loss of 7.2%. The study of [10] estimated that O3 pollution 

caused a relative yield loss (RYL) for winter wheat in China of 6.4% in 2000 and by 2020 it was 

about 4.8%. Meanwhile, the RYL for rice ranged from 2.5% to 6.6% between 1990 and 1999 

and rose to 9.2% in 2020 in the Yangtze River Delta (YRD). Furthermore, estimates have shown 

that global crop losses caused by surface O3 could continue to increase towards 2030, from 4.0% 

to 26.0% for wheat in specific, from 2.5ï26.0% for wheat, 8.7% for corn, and from 9.5ï19.0% 

for soybeans [11].  

To assess the effects of O3 pollution on crop yields, several metrics were developed based 

on results from both field and open-chamber experiments (OTC). One of the first studies in the 

world to quantitatively evaluate the effects of surface O3 concentrations on crops was carried 

out by the National Crop Loss Assessment Network (NCLAN) based on OTC by establishing 

seasonal average daytime O3 concentrations under review including M7 and M12 [12]. 

Meanwhile, researchers in Europe have found similar adverse effects caused mainly by the 

cumulative effects of O3 pollution, hence the concept of critical level (CL). The new metric has 

been proposed and acknowledged as AOT40 to reflect the cumulative threshold of the dose of 

surface O3 concentration (40 ppb) for plants and vegetation [13]. Many studies have been 

developed to construct correlation functions of productivity-interactions in Asian countries such 

as China and India. Typically, the study of [14] applied OTC to establish AOT40ïinteraction 

function for wheat and rice in YRD, China or similar studies by [15] and [16] based on 

experiments that increase free emissions (FACE-Free atmospheric concentration enrichment). 

In India, the study of [17] constructed new yield ï O3 interaction functions based on AOT40 

and M7 indices for wheat, rice, and maize through a literature review of OTC studies on these 

cultivars in South Asia.  

Nowadays, air quality simulations play an important role as technical tools applied to air 

quality management [18]. Air quality simulations provide information about the causal 

relationship between meteorology, emissions, and pollutant concentrations by simulating 

transport, conversion, and deposition mechanisms. stagnation [19]. In which for O3, because of 

lack issues of data to monitor ground-level O3 concentrations on a regional scale, chemical 

transport models have been used more commonly to determine the distribution of O3 

concentrations, as well as assess the risk of CYL for the area under consideration [10, 20ï21].  

This study has built calculations using data sources at the provincial and local 

administrative levels of Tay Ninh province to better reflect spatial differences in the effects of 

ground-level O3 over the entire province. At the same time, the study also carried out an 

ecological risk assessment of surface O3 using the long-term cumulative surface O3 exposure 

metric (AOT40) through concentration-response functions (C-R) to estimate yield and yield 

losses of two common crops, including rice and maize based on multiple O3-crop models and 

the corresponding general economic losses for Tay Ninh province in 2018.  

2. Methods and data 

2.1. Study area 

Tay Ninh province is located in the Southeast region of Vietnam, having the coordinate 

system from 10o57ô08ò to 11o46ô36ò North and from 105o48ô43ò to 106o22ô48ò East [22] 

shown in Figure 1. Tay Ninh province is known as a spiritual land with potential and 

advantages for socio-economic development, especially tourism potential with many ideal 

attractions. The province is one of the crucial international exchange gateways between 
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Vietnam and neighboring Cambodia and Asian countries. Tay Ninh is also a province with an 

important position in the exchange of goods between the provinces of the Mekong Delta and 

the Southern key economic regions. Therefore, in recent years, the provinceôs economy has 

developed relatively comprehensively and continuously. Industry and handicrafts are 

developing steadily. Currently, Tay Ninh province has 2 economic zones (Moc Bai and Xa 

Mat); 6 industrial zones/export processing zones (Trang Bang Industrial Park, Phuoc Dong - 

Boi Loi Industrial Park, Thanh Thanh Cong Industrial Park, Cha La Industrial Park, TMTC 

Industrial Park and Linh Trung Industrial Park & Export Processing Zone) and 5 industrial 

clusters (Tan Hoi 1 Industrial Park, Thanh Xuan Industrial Park) 1, Hoa Hoi Industrial Park, 

Ninh Dien Industrial Park and Ben Keo Industrial Park) are operating and are implementing 

infrastructure construction; In addition, the province has over 150 factories processing 

agricultural products such as processing sugar, processing tapioca, processing rubber latex and 

cashew nuts [23].  

Facing economic development, specifically industrial development, the problem of 

pollution and environmental degradation tends to go up. The main source of pollution to the 

environment in Tay Ninh province is industrial waste from industrial production activities. In 

addition, activities such as transportation, animal husbandry, farming, etc. also affect the quality 

of the environment. Under the pressure of population growth, the increasing consumer demand 

has led to the development of many industries such as textiles, paper production, mechanical 

engineering, machine manufacturing, shoes, sandals, and tires vehicle... which increases a series 

of air pollutants, precursors of ground-level O3 such as NOx, SO2, CH4, CO... from fuel burning, 

open biomass burning and VOCs from activities textile industry, chemical factories.  

 

Figure 1. Description of the study area in Tay Ninh province. 

2.2. Ground-level O3 concentration-based exposure metrics 

In this study, we considerd a type of long-term cumulative O3 exposure metrics that have 

been widely used in quantifying O3 exposure and its effects on crops. It is the norm in the form 

of cumulative exposure AOT40. The AOT40 metric for the hourly cumulative daytime O3 

concentration above the 40 ppbV threshold [24]. At the same time, the cumulative index 

(AOT40) reflects a greater degree of influence from O3 concentrations with greater accuracy 

when estimating CYLs than using averages (M7 and M12 metrics) [25]. The cumulative metric 

AOT40 as well as the relationship between the indexes in the C-R functions (Table 1) estimated 

according to equation (1) [24, 26] as follows: 


