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Regional human-induced TN and TP discharges
1) Municipal wastewater discharge
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The estimation of nutrient discharge from municipal wastewater was based on the monitored nutrient concentrations in influent and effluent of WWTPs, and volumes of treated and untreated wastewater from the year 2008 to 2019. The nutrient discharges from municipal wastewater included two parts: effluent nutrient discharge from treatment facilities and untreated wastewater. The treated nutrient discharge was calculated as follows:
[bookmark: _Ref103243268]			(Equation 1)
 is the annual nutrient discharge after wastewater treatment (t);  is the mean TN or TP concentrations in the effluent of WWTPs (mg·L-1);  is the annually treated wastewater (104 m3); 10-2 is the unit conversion coefficient.
The untreated nutrient discharge was calculated as follows:
			(Equation 2)
 is the annual nutrient discharge by untreated municipal wastewater (t);  is the TN or TP concentration in the influent of WWTPs (mg·L-1);  is the annual untreated municipal wastewater (104 m3); 10-2 is the unit conversion coefficient. 
2) Rural wastewater discharge
The nutrient discharges from rural wastewater were calculated based on the rural population and the regional per-capita export coefficients of TN and TP. In this study, the nutrient discharges from rural wastewater were generally divided into two categories: discharge from rural people who have access to composting toilets and those who do not. Based on the results of the second Chinese pollution source census (MEE, 2021), appropriate export coefficients were used for these two categories. Nutrient discharge by rural people with assesses to the composting toilets (Equation 3) and without assesses to composting toilet (Equation 4) were calculated as follows:
					(Equation 3)
			(Equation 4)
[bookmark: OLE_LINK11][bookmark: OLE_LINK12] and  are the nutrient discharges from rural residents with and without access to the composting toilets, respectively (t);  is the rural population during 2008–2019 (104 people),  is the percentage of rural people with access to composting toilets (%),  and  are the daily TN and TP discharges for rural people with and without access to the composting toilet (g per day per person). The export coefficients were cited from the second Chinese pollution source census (MEE, 2021).
3) Livestock and poultry breeding discharge
In this sector, livestock practices were generally divided into large-scale intensive breeding and household decentralized breeding (Tong et al., 2017). The number of bred animals including pigs, cattle, sheep, and poultry, and their generation coefficients of feces and urine were used to calculate nutrient discharges in the study area. Nutrient discharges from the intensive and household decentralized were calculated as follows:
					(Equation 5)
			(Equation 6)
 and are the nutrient discharges from the intensive and decentralized breeding for each type of animal (t);  is the slaughter amounts of pigs, cattle, sheep, and poultry in the study area from 2008 to 2019 (104 head). Considering that the slain animals would not produce feces or urine, we corrected the annual ratio of slain animals to 0.542 (Tong et al., 2020).  is the number of animals on hands (104 head).  is the annual ratio of the intensive breeding animals to all the domestic animals.  is the daily nutrient discharge by the breeding animals (g per day per head). These value are cited from the results of the second Chinese pollution source census (MEE, 2021).  and are the percent of nutrient loadings discharged into the waters from the large-scale and household decentralized breeding (%) (Yan et al., 2010) (Table S1). 
4) Crop farming discharge
The estimation of nutrient discharge from farmland was based on the farmland area from the year 2008 to 2019 and the nutrient loss coefficient. Nutrient discharge from the farmland was estimated as follows: 
			(Equation 7)
 is the annual nutrient discharge from the farmland in the study area (t).  represents the areas of farmland (km2).  is the nutrient loss coefficient through the runoff (kg per ha), which was obtained from the second Chinese pollution source census and shown in Table S1.
5) Aquaculture nutrient discharge 
According to the types of farmed aquatic animals, in this study, aquaculture discharge was divided into three typical categories of fish, crustaceans, and shells. Nutrient discharge from aquaculture was calculated as follows: 
			(Equation 8)
 is the annual nutrient discharge from aquaculture (t). ,  and  are the annual productions of fish, crustaceans, and shells from 2008 to 2019 (t). ,  and  are the nutrient export coefficients of farmed aquatic animals (g per kg). The export coefficient values of each aquatic animal were shown in Table S1.


[bookmark: OLE_LINK1]Table S1 Parameters used in the calculation of human-induced nitrogen and phosphorus discharges
	Parameters
	Variables

	
	TN
	
	TP

	
	2.26
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]g per day per person
	
	0.10
	g per day per person

	
	0.28
	
	
	0.03
	

	
	pig
	15.56
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]g per day per head
	
	4.19
	g per day per head

	
	cattle
	122.58
	
	
	16.91
	

	
	sheep
	32.70
	
	
	0.65
	

	
	poultry
	3.33
	
	
	0.30
	

	
	1.0%
	the percent of TN loadings discharged into the waters
	
	1.0%
	the percent of TPloadings discharged into the waters

	
	2.0%
	
	
	2.0%
	

	
	1.065
	kg per ha
	
	0.095
	kg per ha

	
	grass carp
	2.50
	g per kg
	
	0.49
	g per kg

	
	silver carp
	1.07
	
	
	0.18
	

	
	catfish
	1.40
	
	
	0.14
	

	
	carp
	5.74
	
	
	0.32
	

	
	goldcarp
	2.34
	
	
	0.63
	

	
	tilapia
	2.47
	
	
	0.11
	

	
	Others
	3.53
	
	
	0.76
	

	
	prawn
	4.49
	
	
	0.46
	

	
	procrustus clarkii
	2.71
	
	
	0.58
	

	
	vannamei
	0.27
	
	
	0.07
	

	
	river crab
	5.22
	
	
	1.19
	

	
	river mussel
	4.99
	
	
	0.43
	

	
	snail
	-6.78
	
	
	-0.51
	




Table S2 Threshold concentrations (μg·L-1) of the environmental variables to characterize five water quality grades (Ⅰ to Ⅴ) in China’s “Environmental Quality Standards for Surface Water” (GB3838-2002) (MEE, 2002).
	Variables
	I (excellent)
	II (good)
	III (moderate)
	IV (poor)
	V (bad)

	TN
	≤150
	(150, 500]
	(500, 1000]
	(1000, 1500]
	(1500, 2000]

	TP (river)
	≤20
	(20, 100]
	(100, 200]
	(200, 300]
	(300, 400]

	TP (lake and reservoir)
	≤10
	(10, 25]
	(25, 50]
	(50, 100]
	(100, 200]





Fig. S1. Long-term trends of precipitation, evaporation, inflow, and outflow of GR


 Fig. S2. Summary of the WWTPs treatment capacity from 2005 to 2019 in Zhangjiakou City in the GR watershed (a: numbers of WWTPs and the treatment rate, b: volume of the treated and untreated wastewater).



Fig. S3. TN and TP concentrations and their mass ratios in the influent and effluent of WWTPs of Zhangjiakou City in GR watershed in 2019 (a: TN, b: TP, and c: TN/TP mass ratio).
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