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USEtox adaptation for Thai environmental conditions  
	USEtox model version 2.12 was adapted by applying the landscape and consumption parameters to Thailand conditions according to parameterization methods guided by Fantke et al. (2017a). The parameters have been adjusted and calculated at different scales (e.g., urban, continent, and global) relying on available state-of-the-art data and previous studies in Thailand as shown in Table S1. It is necessary to recalculate global parameters in context of the differences between the values for the new region and the global average as illustrated at the Global scale (Fantke et al., 2017a). Then, all Thai values were incorporated into USEtox model on the “Landscape & indoor data” sheet by adding a line as a new country-specific named “Thailand”, cells D32 to BB32.

[bookmark: _Hlk108603489]Table S1 Parameters of Thailand for USEtox version 2.12 (Fantke et al., 2017a) 
	Parameters
	Unit
	Default values
	Thai values
	Source of data
	Description/Calculation

	National scale: Thailand

	1. Area land
	km2
	9,013,369.37
	513,115.02
	LDD (2019)
	Area of land in Thailand: including natural soil, agricultural soil, freshwater area, urban area and etc. equal to 320,696,887 rais or 513,115.02 km2 in 2018 (1 rai = 0.0016 km2) 

	2. Area sea
	km2
	986,630.63
	323,488.32
	Department of Marine and Coastal Resources (2013);
	Area of sea in Thailand: In 2013, maritime zone of Thailand was 323,488.32 km2 

	3. Areafrac freshwater
	-
	0.03
	0.0292
	LDD (2019)
	Fraction of freshwater in Thailand: Ratio of the area of freshwater on total land (Areafreshwater/Arealand), where the total freshwater area in Thailand was 14,997.78 km2 in 2018
Calculation: Areafrac freshwater = 14,997.78 km2/513,115.02 km2 = 0.0292

	4. Areafrac nat soil
	-
	0.485
	0.414
	
	Fraction of natural soil in Thailand can be calculated as 1 - Areafracagr soil - Areafracfreshwater - Areafracother soil  
Calculation: Areafrac nat soil = 1 - 0.557 - 0.0292 - 1.0E-20 = 0.414

	5. Areafrac agri soil
	-
	0.485
	0.557
	LDD (2019)
	Fraction of agricultural soil in Thailand: Ratio of the area of agricultural soil on total land (Areaagr soil/Arealand), where agricultural land use in Thailand was 285,980.28 km2 in 2018 
Calculation: Areafrac agri soil = 285,980.28 km2/513,115.02 km2 = 0.557

	6. Areafrac other soil
	-
	1.00E-20
	1.00E-20
	Default landscape value
	Fraction of other soil in Thailand
Remark: Apply the same value with all continents in the model

	7. Temp
	°C
	12
	27.1
	TMD (2014); TMD (2019)
	Mean temperature in Thailand based on 30 years period (1981 -2010)

	8. Surface wind speed
	m/s
	3
	2.72
	DEDE (2001); TRECA (2014)
	Mean wind speed above at 10 m above the ground surface: 
Based on the landscape of Thailand, Thailand wind power classes are 1.1-1.4 level and the mean of surface wind speed is less than 4 m/s (TRECA, 2014). DEDE (2001) reported the surface wind speed values of all regions in Thailand which can use these values to calculate as an average value.

	9. Wind speed over mixing height
	m/s
	6.65
	6.26

	DEDE (2001)
	Mean wind speed over mixing height: The mean of upper air wind speed values above at 500, 1000 and 1500 m (Mixed layer) above the ground surface in Thailand are 6.15, 6.24 and 6.38 m/s, respectively (DEDE, 2001). 
Calculation: Mean of mean = (6.15 + 6.24 + 6.38)/3 = 6.26 m/s

	10. Rain rate
	mm/yr
	700
	1587.7
	TMD (2014); TMD (2019);
	Mean rainfall rate in Thailand based on 30 years period (1981 -2010) 

	11. Depth freshwater
	m
	2.5
	19.05
	Department of Fisheries (2016)
	Mean freshwater depth in Thailand: To calculate the mean of mean depth of thirty-three large water resources in Thailand

	12.Fraction freshwater discharge
	-
	0.00
	0.00
	Default landscape value

	Mean river flow in Thailand
Remark: Apply the same value with all continents in the model

	13. Fraction run off
	-
	0.25
	0.272
	Apply default landscape value of Indochina
	Mean runoff in Thailand


	14. Fraction infiltration
	-
	0.25
	0.269
	Apply default landscape value of Indochina
	Mean infiltration in Thailand


	15. Soil erosion
	mm/yr
	0.03
	4.96
	LDD (2000)

	Mean erosion in Thailand: LDD (2000) reported the soil erosion rate (ton/rai/yr) of each region in Thailand that it can calculate to mean erosion (mm/yr) by using the severity scales of Thailand

	16. Irrigation
	km3
	421.14
	82.41
	RID (2018)
	Mean irrigation in Thailand: In 2018, water retention for irrigation in Thailand was 82,411.641 million m3 or 82.41 km3 (1 m3 = 10-9 km3).

	Global scale:

	1. Area land
	km2
	141,000,000
	137,886,980.78
	Applied dataset within USEtox 2.12 model for calculation


	Area of land in the global box: Sum of all continental land areas excluding the land area of Thailand.                                                                                                     Calculation: Sum of all continental land areas – area of Thailand = 138,400,095.80 km2 - 513,115.02 km2 = 137,886,980.78 km2                                                                                                             
Remark: All continental land areas within USEtox 2.12 model are the land areas of North America, Latin America, Europe, Africa and Middle East, Central Asia, Southeast Asia, Northern regions, and Oceania 

	2. Area sea
	km2
	329,000,000
	359,143,904.45
	Applied dataset within USEtox 2.12 model for calculation

	Area of sea in the global box: Sum of all continental sea areas excluding the sea area of Thailand.                                                                                            Calculation: Area seaIndochina, global - Area seaIndochina, continental - Area seaThailand = 361,667,992.858306 km2- 2,200,600.09322131 km2 - 323,488.32 km2 = 359,143,904.45 km2                                                                                                 
Remark: Indochina was a part of Southeast Asia included Brunei Darussalam, Cambodia, Lao People's Democratic Republic, Malaysia, Maldives, Myanmar, Philippines, Singapore, Thailand, Viet Nam, and Indonesia.

	3. Areafrac freshwater
	 -
	0.03
	0.0262
	Applied dataset within USEtox 2.12 model for calculation

	Fraction of freshwater in the global box: Ratio of freshwater for all continental excluding Thailand can be calculated as Areafreshwater, global/Arealand, global                                                                                                                                                               Calculation: Areafreshwater,global = Sum of all continental excluding Thailand = 3,617,390.93 km2, Arealand, global = Sum of all continental land area excluding Thailand = 137,886,980.78 km2         
Thus, Areafracfreshwater,global =  3,617,390.93 km2 / 137,886,980.78 km2=  0.0262  

	4. Areafrac nat soil
	-
	0.485
	0.8755

	Applied dataset within USEtox 2.12 model for calculation

	Fraction of natural soil in the global box: Ratio of natural soil for all continental excluding Thailand can be calculated as Areanat soil, global/Arealand, global                                                                                                                                                                   Calculation: Areanat soil,global = Sum of all continental excluding Thailand = 120,715,560.55 km2, Arealand, global = Sum of all continental land areas excluding Thailand = 137,886,980.78 km2                             
Thus, Areafracfreshwater,global =  120,715,560.55 km2 / 137,886,980.78 km2 =  0.8755 

	5. Areafrac agri soil
	-
	0.485
	0.1
	Apply default landscape value of Indochina
	

	6. Areafrac other soil
	-
	1.00E-20
	1.00E-20
	Applied data set within USEtox 2.12 model for calculation


	Fraction of other soil in the global box: Ratio of other soil for all continental excluding Thailand can be calculated as Areaother soil, global/Arealand, global                                                                                                                                                               Calculation: Areaother soil,global = Sum of all continental excluding Thailand = 1.38E-12 km2, Arealand, global = Sum of all continental land areas excluding Thailand = 137,886,980.78 km2
Thus, Areafracother soil,global =  1.38E-12 km2 / 137,886,980.78 km2 = 1.00E-20 

	7. Temp
	°C
	12
	12
	Default landscape value
Remark: Apply the same value with all continents in the model
	

	8. Surface wind speed
	m/s
	3
	3
	
	

	9. Rain rate
	mm/yr
	700
	700
	
	

	10. Depth freshwater
	m
	2.5
	2.5
	
	

	11. Fraction freshwater discharge
	-
	0.0
	0.0
	
	

	12. Fraction run off
	-
	0.25
	0.25
	
	

	13. Fraction infiltration
	-
	0.25
	0.25
	
	

	14. Soil erosion
	mm/yr
	0.03
	0.03
	
	

	15. Irrigation
	km3
	2,722
	2,722
	
	

	Urban scale:

	1. Area land
	km2
	240
	35.97
	Fantke et al. (2017b); NHIC (2019)
	The area of an average city in Thailand can be calculated as A = (POP/LPD)² according to Fantke et al (2017b) where; 
POP (capita): an average urban population in Thailand by only consider the provinces with >100,000 capita (NHIC, 2019) for calculation, then the fifty-five provinces were included and provided the average value equal to 386,872 capita.
LPD (capita/m): Linear population density can be calculated from the equation as 10(-1.42+0.578*LOG(POP)) = 10(-1.42+0.578*LOG(386,872)) = 64.508, applied the intercept value of Indochina for calculation. 
Calculation: A = (386,872/64.508)^2 = 35.97 km2

	2. Areafrac Unpaved area
	-
	0.667
	0.942
	
	Non-paved surface fraction in Thailand can be calculated as 1-paved surface fraction = 1 – 0.058 = 0.942

	3. Areafrac Paved area
	-
	0.333
	0.058
	LDD (2019)
	Paved surface fraction in Thailand: These areas are urban and built-up land in Thailand excluding the forest land, agricultural land use, miscellaneous land and water area. In 2018, total land of Thailand was 513,115.02 km2 and the urban and built-up land of Thailand was 29,990.4 km2.                                                                                
Calculation: Areafrac Paved area = 29,990.4 km2/513,115.02 km2 = 0.058

	Human population:

	1. Human pop world
	-
	5,760,611,511
	7,647,094,100
	United Nations (2019)
	Human population in the world: Total population in the world excluding Thailand and urban population. In 2019, world population is 7,713,468,100 people.                                      
Calculation: Human pop world = 7,713,468,100 - 65,987,128 - 386,872 = 7,647,094,100

	2. Human pop continent
	-
	998,000,000
	65,987,128
	Institute for Population and Social Research (2019)
	Human population in Thailand: Total population in Thailand excluding urban population, human population in Thailand in 2019 is 66,374,000 people.
Calculation: Human pop continent = 66,374,000 – 386,872 = 65,987,128

	3. Human pop urban
	-
	2,000,000
	386,872
	National Housing Information Center (2019)
	Human population living in area of an average city in Thailand can be calculated by only consider the provinces with >100,000 capita to calculate average urban population, then the result is 386,872 capita.

	Exposure:

	1. Human breathing rate (world + cont + urban)
	m3/(person*day)
	13
	13
	Default landscape value
Remark: Apply the same value with all continents in the model
	Human breathing rate

	2. Water ingestion (world + cont)
	l/(person*day)
	1.4
	1.4
	
	Water ingestion

	Production-based intake rates:

	1. Above-ground produce world
	kg/(day*capita)
	1.36E+00
	9.07E-01
	Makmoon (2019); 
FAO (2018a); FAO (2018b); FAO (2018c); FAO (2018d); FAO (2018e); MOPH (2016); MOPH (2017); USDA (2018); Worldometers (2018)
	Exposed produce ingestion in the global box: Total exposed produce consumption excluding Thailand 
Considered products: Lettuce, Bananas, Mangoes, Oranges, Pineapples, and Paddy rice

	2. Above-ground produce continent
	kg/(day*capita)
	1.36E+00
	1.28E+00
	
	Exposed produce ingestion in Thailand
Considered products: Lettuce, Bananas, Mangoes, Oranges, Pineapples, and Paddy rice

	3. Below-ground produce world
	kg/(day*capita)
	1.12E+00
	1.32E-01
	
	Unexposed produce ingestion in the global box: Total exposed produce consumption excluding Thailand
Considered products: Potatoes

	4. Below-ground produce continent
	kg/(day*capita)
	1.12E+00
	5.94E-03
	
	Unexposed produce ingestion in Thailand
Considered products: Potatoes

	5. Meat world
	kg/(day*capita)
	9.49E-02
	2.51E-03
	
	Meat ingestion in the global box: Total exposed produce consumption excluding Thailand 

	6. Meat continent
	kg/(day*capita)
	9.49E-02

	8.48E-05
	
	Meat ingestion in Thailand

	7. Dairy products world
	kg/(day*capita)
	2.37E-01

	5.22E-02
	
	Dairy product ingestion in the global box: Total exposed produce consumption excluding Thailand

	8. Dairy products continent
	kg/(day*capita)
	2.37E-01

	4.75E-03
	
	Dairy product ingestion in Thailand

	9. Fish freshwater world
	kg/(day*capita)
	1.13E-02

	5.78E-03
	
	Freshwater fish ingestion in the global box: Total exposed produce consumption excluding Thailand

	10. Fish freshwater continent
	kg/(day*capita)
	1.13E-02
	2.46E-02
	
	Freshwater fish ingestion in Thailand

	11. Fish coastal marine water world
	kg/(day*capita)
	3.60E-02

	6.63E-02
	
	Marine fish ingestion in the global box: Total exposed produce consumption excluding Thailand

	12. Fish coastal marine water continent
	kg/(day*capita)
	3.60E-02

	7.69E-02
	
	Marine fish ingestion in Thailand
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Fig. S1 Relative comparison (%) of (A) total human health impact scores (DALY/ha) and (B) total ecotoxicity impact scores (PDF m3 day/ha) resulted from pesticides applied to different food crop cultivation in Thailand based on various assumptions for emission distributions compared with Ecoinvent (100%)
Ecoinvent	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	100	100	100	100	100	100	100	100	100	100	US LCI	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	128.02224351807786	322.82392457775944	2314.3508819281483	1178.2617829062708	212.38852772636065	961.98341380542229	61.53887683507795	90.154056123875208	215.44815580980071	195.6271315740893	Neto et al.	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	85.384929199809406	106.54353338634782	205.37867027628931	148.37332671572034	99.352990382113262	136.68162171250512	88.260382549659212	89.932088778875752	99.672189444341228	157.73458125297429	PestLCI Consensus	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	95.258465925800962	83.986556235413758	110.85690383797913	71.637525363419911	78.645384470633246	79.384582658266638	80.771848352943209	68.629382095910728	61.612387911356983	54.630683157828329	cRop


B) relative comparison (%)




Ecoinvent	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	100	100	100	100	100	100	100	100	100	100	US LCI	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	2079.980608680672	11693.07790235876	251.2734938832516	27054.118100906726	12258.691623561035	5440.68294430059	78.899426645136089	20701.09249147739	37161.538617685786	8210.292818186168	Neto et al.	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	599.16076690624197	3141.8277293024576	114.30290384947159	7066.0693342530694	3239.0554514746532	1486.223915473872	94.093891587621243	5421.7774322341684	9680.6573595468453	2208.696248103859	PestLCI Consensus	
Rice-DD	Rice-PD	Cabbage	Chili	Cucumber	Tomato	Watermelon	Tangerine	Durian	Mango	1813.1920191533422	1756.4328599312694	587.95957415078237	3251125.9908724758	484396.59717559989	152366.31246097313	113419.1299932539	721824.59085502394	63951.599389481074	521509.99803602614	crop
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