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The purpose of this supplementary is to describe and explain each of the values and 
the calculating course (such as equation, parameter and activity data) use to calculate 
reactive nitrogen in Xiamen city. The reactive nitrogen refers to the nitrogen pollutants 
that have negative impacts on the atmosphere and water bodies produced during the 
nitrogen flow process, mainly including nitrogen pollutants that enter water bodies 

through runoff and infiltration, as well as NOx, NH3 and N2O emission. 

Appendix A. Various subsystems of nitrogen flows 

Cropland system 

 Model of N flows in cropland system 
 
 
 
 
 
 
                                                                                  
 
 
 Equation  

Manure    
      

Crop harvest      
Leach       

Deposition       

Fertilize
       

BNF      

Straw residue      

Seed       

Irrigation       

Cropland 
subsystem    

Runoff       
N2, N2O      
NH3      
      



 

According to the cropland system nitrogen flow model the input-output are shown 
above. This section describes in detail the calculation of each input item, coefficients and 
activity data. The equation of cropland system can be calculated using the following 
method: 

 input fertilizer BNF seed deposition manure straw residue irrigationC C C C C C C C−= + + + + + +
 (1.1) 

 
2 2
+ + +output harvest N N O leach runoff ammonia volatilizationC C C C C C C −= + +                        (1.2) 

Where inputC  and outputC  are the total nitrogen input and output to cropland; 

fertilizerC  is synthetic fertilizer application; BNFC  is biological fixation of nitrogen, 

including leguminous plant nitrogen fixation and non-leguminous plant nitrogen 

fixation; seedC  is the seeds of different crops; depositionC  is nitrogen deposition; 

manureC  is manure recycled to cropland from both livestock and human; straw residueC −  

is straw recycled to cropland; irrigationC  is nitrogen input to the cropland from irrigation; 

harvestC is crop production; 
2NC is nitrogen loss by denitrification  N2 ;

2N OC  is N2O 

emission ; leachC  is nitrogen leaking to groundwater runoffC  is nitrogen loss through 

runoff ammonia volatilizationC −  is ammonia volatilization during fertilization. 

 
Table S1. Input and output items in processes of cropland system. 
 

Items Equations Activity Data and Parameters Description 

Chemical 

fertilizer 

1 1 2fertilizerC F R F= × +  

 

F1: Consumption of compound fertilizer   

F2: Consumption of nitrogenous fertilizer 

R1: N content of compound fertilizer 

BNF 

4 2 ( 3 4) 3BNFC F R F F R= × + − ×  
F3: Total sown area;  

F4: Sown area of legume crops 

R2: Symbiotic N-fixation rate of cropland 

R3: Non-symbiotic N-fixation rate of cropland 

Deposition 
5 4depositionC F R= ×  F5: Area of cropland 

R4: N deposition rate 

Seed 

6 5 6seedC F R R= × ×  
F6: Sown area of different crops 

R5: Seed rate  

R6: N content of seed 



 

Irrigation water 5 7irrigationC F R= ×  R7: Irrigation rate 

Manure to field 

 manure 7 8 9 / 365 10animalC F R R R= × × ×

 

F7: Number of livestock and poultry  

R8: N excreta rate for animals 

R9: Feeding period of livestock and poultry 

R10: Ratio of animal excreta back to field 

 manure 8 11 12humanC F R R= × ×  

F8: Population (count) 

R11: N excreta rate for humans 

R12: Ratio of human excreta back to field 

Crop residue  residue 9 (1/ 13 1) 14 15cropC F R R R= × − × ×  

F9: Yield of grain crops 

R13: Harvest Index of crops 

R14: N content of straws 

R15: Ratio of straw back to field 

Denitrification 

(N2+N2O) 

 

16denitrification surplusC C R= ×
 

R16: Denitrification percentage (N2) 

R17: Direct N2O emission factor from chemical 

fertilizer  

R18: Direct N2O emission factor from organic 

fertilizer 

R19: N2O-yield ratio of denitrification  

R20: Leaching ratio of applied N 

R21: Runoff ratio of applied N  

N2O 
2

2

 ( ) 17 18N O manure crop residue fertilizer

denitrification N O

C C C R C R

C −

= + × + ×

+   

Denitrification 

(N2O) 
2-- 19 /1.039denitrification N O denitrificationC C R= ×

  

Ammonia-volatil

ization 

 ( ) 22
23

ammonial volatilization manure crop residue

fertilizer

C C C R
C R

− = + ×

+ ×

 

 

R22: Volatilization coefficient of organic fertilizer  

R23: Volatilization coefficient of chemical fertilizer 

 

Crop harvest  harvest 9 / 13 24cropC F R R= ×  R24: N content of crop 

Runoff  20 25runoff surplusC C R R= × ×  R25: the retention coefficient of N runoff 

Leach  21leach inputC C R= ×   

Surplus surplus input ammonial volatilization crop harvestC C C C− −= − −

 

 

 



 

Table S2. The parameter of cropland system. 
  

NO Item description Unit  Reference  Value  

R1 N content of compound fertilizer % [63] 33.3 

R2 Symbiotic N-fixation rate of cropland kg/ha   [64] Legumes:105; peanut:112 

R3 Non-symbiotic N-fixation rate of cropland kg/ha [64] 18.75 

R4 N deposition rate kg/ha [65] 30.15 

R5 Seed rate kg/ha [66] Rice:37.5; soybean:76.05; 

potatoes:225; peanut:285;rapeseed:1; 

sesame:5; vegetables:15.38 

R6 N content of seed % [66] Cereal:1.3;potatoes:0.3;soybean:4.2;pean

ut:4.4;rapeseed:4;sesame:3.49;sugarcane:

0.13;vegetables:0.2;furits:0.21 

R7 Irrigation rate kg/ha [67] 26.3 

R8 N excreta rate for animals kg/cap [68] Pig:8; cattle:40; sheep:5; rabbit:0.4; 

poultry:0.3 

R9 Feeding period of livestock day [68] Pig:199;cattle:365;sheep:365; rabbit:120; 

poultry:55 

R10 Ratio of animal excreta back to field % [68] Pig:60;cattle:77.7;sheep:70; rabbit:35; 

poultry:39 

R11 N excreta rate for humans % [68] 5 

R12 Ratio of human excreta back to field % [68] urban :10; rural :30 

R13 Harvest Index of crops  [68] Cereal:0.53; potatoes:0.66; soybean:0.5; 

peanut:0.55; rapeseed:0.28; sesame:0.37; 

sugarcane:0.67; 

R14 N content of straws % [68] Cereal:0.91; potatoes:2.51; soybean:2.1; 

peanut:1.82; rapeseed:0.87; sesame:1.31; 

sugarcane:1.1; 

R15 Ratio of straw back to field % [68] Cereal:41.7; potatoes:50; soybean:16.8; 

peanut:26; rapeseed:47.6; sesame:0; 

sugarcane:10; 

R16 Denitrification percentage (N2) % [69] 72.5 

R17 Direct N2O emission factor from chemical 

fertilizer 

% [70] 0.86 

R18 Direct N2O emission factor from organic 

fertilizer 

 [36] 0.01 

R19 N2O-yield ratio of denitrification Kg/N2 [3] 0.039 



 

R20 Leaching ratio of applied N % [40] 12.5 

R21 Runoff ratio of applied N % [69] 16.7 

R22 Volatilization coefficient of excreta  % [71] Pig:19; cattle:17; sheep:25; rabbit:54; 

poultry:22; human:25 

R23 Volatilization coefficient of chemical 

fertilizer 

% [72] 20 

R24 N content of crop % [73] Cereal:1.12; potatoes:1.04; soybean:3.15; 

peanut:3.25; rapeseed:1.75; sesame:2.12; 

sugarcane:0.37;vegetables:0.3;furits:0.19 

R25 the retention coefficient of N runoff % [74] 42.5% 

 
Table S3. the activity data of cropland system. 
  

No. Item description Unit Ref. 

F1 
Consumption of nitrogenous 

fertilizer 
T 

[75] 

 

F2 Consumption of compound fertilizer T 

F3 Total sown area ha 

F4 Sown area of legume crops ha 

F5 Area of cropland ha 

F6 Sown area of different crops ha 

F7 Number of livestock and poultry  

F8 Population (count)  

F9 Yield of grain crops T 

 
 

Human consumption system  

 Model of N flow in human consumption system 
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 Equation  
According to the human consumption system nitrogen flow model the input-output 

are shown above. This section describes in detail the calculation of each input item, 
coefficients and activity data. The equation of household consumption system can be 
calculated using the following method: 

 +Hinput food consumption goodsH H −=  (2.1) 

 excoutput reta ammonia volatilization garbageH H H H−= + +    (2.2) 

Where inputH and outputH are the total nitrogen input and output to household 

consumption system; food consumptionH − is human food consumption; excretaH is human 

excretion which can be recycle to cropland, sent to WTPs and discharge to surface water;

ammonia volatilizationH − is the ammonia emission from the human excreta; garbageH is the 

garbage mainly including foods and goods waste.  
 
Table S4. Input and output items in processes of human consumption system. 
 

Items Equations 
Activity data and parameters 

description 

 

 

 

 

Food consumption 

 

 

 

10 (1 26) 28 12
11 (1 27) 28 13

food consumptionH F R R F
F R R F

− = × + × ×

+ × + × ×
 

F10: Per capita consumption of 

foods in urban region  

F11: Per capita consumption of 

foods in rural region 

F12: the population of urban 

F13: the population of rural 

R26: the proportion of urban 

population dining outside 

R27: the proportion of rural 

population dining outside 

R28: N content of foods 

Kitchen garbage ( 29 30)kitchen garbage food consumptionH H R R− −= × +  
R29: Ratio of kitchen garbage in 

outside 

R30: ratio of kitchen garbage in 

house 

Excreta ( ) 31exceta food consumption kitchen garbageH H H R− −= − ×  
R31: the proportion of excreta 

Ammonia-volatilization 
4

22NH excretaH H R= ×  
 



 

To sewage 32sewage excretaH H R= ×  
R32: human excreta into the 

sewage treatment system 

Discharge 
4argdisch e excreta NH sewageH H H H= − −  

 

Kitchen garbage to feeds 15kitchen garbage feeds kitchen garbageH H R− − −= ×  
 

Ggoods 
goods input foodsG G G= −  

Ginput : municipal garbage (detail in 

table13) 

Ggoods: goods garbage 

 

Goods 33goods goodsH G R= ×  
R33: The percentage of goods that 

go to waste 

 
 
Table S5. The parameter of human consumption system. 
  

NO.  
Item description 

Unit  Reference  Value  

R26 the proportion of 
urban population 
dining outside 

% [68,73] Cereal:41;potao:20;beans:41;vegeTable S:42; 
fruits:10;pork:42;beef:33;mutton:33;chicken:31; 
eggs:31; aquatic:31 

R27 the proportion of rural 
population dining 
outside 

% [68,73] Cereal:10;potao:10;beans:10;vegeTable S:13; 
fruits:12;pork:20;beef:25;mutton:25;chicken:13; 
eggs:5; aquatic:19 

R28 N content of foods % [74] Cereal:1.36;pork:2.1;beef:2.97;mutton:3.04; 
Chicken:3.1;duck:2.5;eggs:2.1;fish:2.32;shrimp:
2.32 
VegTable S:0.32;fruits:0.18;milk:0.5 

R29 Ratio of kitchen 
garbage in outside 

% [76] Cereal:5;fruits:5;vegeTable S:5;pork:10;beef:10; 
Mutton:10;chicken:10;duck:10;eggs:10;shrimp:
10 
Milk:10 

R30 ratio of kitchen 
garbage in house 

% [76] Cereal:18;fruits:20;vegeTable 
S:20;pork:21;beef:21; 
Mutton:21;chicken:21;duck:21;eggs:24;shrimp:
24 
Milk:22 

R31 the proportion of 
excreta 

% [15] 88 

R32 human excreta into the 
sewage treatment 
system 

% [68] Urban:75; rural:7.2 



 

R33 The percentage of 
goods that go to waste 

 [77] 1/15 

 
Table S6. The activity data of human consumption system. 
 

No. Item description Unit Ref 

F10 
Per capita consumption of 
foods in urban region 

T 

[75] 
 

F11 
Per capita consumption of 
foods in rural region 

T 

F12 the population of urban  
F13 the population of rural  
 

Livestock system 

 Model of N flow in livestock system 
 
 
 
 
 
 
 
 
 Equation  

According to the livestock system nitrogen flow model the input-output are shown 
above. This section describes in detail the calculation of each input item, coefficients and 
activity data. The equation of livestock system can be calculated using the following 
method: 

 input straw feeds seed feeds import feeds kitchen garbage feedsL L L L L− − − − −= + + + (3.1) 

 excoutput animal production retaL L L−= +  (3.2) 

Where inputH and outputH are the total nitrogen input and output to livestock system; 

straw feedsL − is straw used as livestock feed; seed feedsL − is seed used as livestock feed; 

kitchen garbage feedsL − − is cooking wastes used as livestock feed; import feedsL − is feeds from 

the out system; animal productionL − is the production of animal foods ; excretaL is livestock 

Feeds      
Livestock 
system        

Excreta       

N2      

Animal production          
Ammonia-volatilizatio

To cropland    

Excreta runoff       

N2O      
Excreta leach      



 

excretion. 
 
Table S7. Input and output items in processes of livestock system. 
 

Items Equations 
Activity data and parameters 

description 
Straw feeds  

  residuestraw feed cropL C− =   
Table 1 

Seed feeds  
ee 9 (1/ 13 1) / 34 35s d feedL F R R R− = × − ×  R34: the ratio of straw to 

grain 
R35: The N content of grain 

Garbage feeds 
garbage feed kitchen garbage feedsL H− − −=  

Human system (table3) 

Animal excreta 
animal excreta animal manurL C− −=  

Human system (table3) 

Animal 
production 

14 36animal productionL F R− = ×  F14: the production of animal 
foods 
R36: The N content of animal 
foods 

Denitrification 
(N2) 

37denitrification animal excretaL L R−= ×  R37: N2 emission from 
nitrification process 

N2O 38denitrification animal excretaL L R−= ×  
R38: the ratio of N2O emission 

Ammonia 
volatilization   ammonia volatilization ammonia volatilizationL L− −=  Cropland system (table2) 

Excreta runoff          

2 2
) 39

excreta runoff excreta ammonia volatilization to cropland

N O N

L L L L
L L R

− − −= − −

− − ×

（
 

R39: the ratio of runoff 

leach 

2 2
) 40

excreta runoff excreta ammonia volatilization to cropland

N O N

L L L L
L L R

− − −= − −

− − ×

（

 

R40: the ratio of leach 

 
Table S8. The parameters of livestock system. 
  

NO. Item description Unit Reference Value 

R34 the ratio of straw to grain  [68] Cereal:0.9;potao:0.66;beans:0.5;peanut:0.55; 

Rapeseed:0.28;sesame:0.37;sugarcane:0.67 

R35 The N content of grain % [68] Cereal:1.3;potao:0.3;beans:4.2;peanut:4.4; 

Rapeseed:4;sesame:3.49;sugarcane:0.13 

R36 The N content of animal 

foods 

% [74] Pork:1.77; beef:2.19;mutton:2.22;poultry:1.90 

Rabbit meat:3.4;dairy:0.55;eggs:1.83 

R37 

 

N2 emission from 

nitrification process 

% 

 

[77] 

 

5 

 



 

R38 

 

N2O emission from 

nitrification process 

 

% 0.5 

R39 

 

the ratio of runoff % [59,62] 60% 

R40 

 

the ratio of leach % [59,62] 5% 

 
Table S9. The activity data of livestock system. 
 

No. Item description Unit Ref 

F14 
the production of animal 
foods 

T [75] 

 

Sewage treatment 

 Model of N flow in sewage treatment system 
 
 
 
 

                                                             
 
 
 
 
 Equation  

According to the sewage treatment system nitrogen flow model the input-output are 
shown above. This section describes in detail the calculation of each input item, 
coefficients and activity data. The equation of sewage treatment system can be calculated 
using the following method: 

 input municipal sewageS S −= (4.1) 

 
2 2 3output sludge tail water reuse water gaseous permeatS S S S S S− −= + + + +（N , N O, NH）  (4.2) 

Where inputS and outputS are the total nitrogen input and output to sewage treatment 

system; municipal sewageS − is municipal waste water including domestic wastewater, 

industry wastewater and others; sludgeS  is sludge from WTPs; reuse waterS −  is recycled 

Reuse water      
Sewage 
treatment 
plant            

Sludge     

N2、N2O、NH4         

Permeating water        

Tail water         Municipal 
sewage     Landfill     

Land use      
Buildin

      

Incineratio
     



 

water after treated; gaseousS is gaseous emission in treatment process including N2、NH3 

and N2O; permeatS is nitrogen leaching during the wastewater transferred to the WTPs; 

tail waterS − is discharged after sewage treated;   

 
Table S10. Input and output items in processes of sewage treatment system. 
 

Items Equations 
Activity data and parameters 

description 
Sewage input 15 41inputS F R= ×  F15: the input of sewage treatment 

R41: N input per ton of water 
Sludge  15 42

(1 43) 44
sludgeS F R

R R
= × ×

− ×
 

R42: The ration of sludge generation 
R43: percent of sludge contained 
water 
R44: N content of sludge             

Permeate          45permeate inputS S R= ×  R45: The permeability of pipe 

Reuse water 46reuse water inputS S R− = ×  R46: Recycling rate of water 

Ammonia-emissio
n 

16 47ammonia emissionS F R− = ×

 

F16: The volume of input sewage 

R47: ammonia emission per cubic 
meter of sewage 

N2O emission 
2

48N O inputS S R= ×  R48: the ration of N2O emission 

Denitrification(N2) 
2 2

49-N input N OS S R S= ×  R49: the removal ration of nitrogen  

Tail water  

2 2

tail water input sludge reuse water

N O N

S S S S
S S

− −= − −

− −

 

 

 
Table S11. The parameters of sewage treatment system. 
  
NO. 

Item description 
Unit Reference Value 

R41 N input per ton of water Kg/t [62] 0.0468 

R42 The ration of sludge generation % Field survey 0.05 

R43 percent of sludge contained water % Field survey 80 

R44 N content of sludge % Field survey 2.9 



 

R45 The permeability of pipe % [15] 9 

R46 Recycling rate of water % Field survey 10 

R47 ammonia emission per cubic meter of 
sewage 

g/m3 [78] 3.2 

R48 the ration of N2O emission % [36] 1.25 

R49 the removal ration of nitrogen % Field survey 60.42 

 
Table S12. The activity data of sewage treatment system. 
 

No. Item description Unit Ref 

F15 the input of sewage treatment  T [62] 

F16 The volume of input sewage M3 [62] 

 

Garbage treatment system 

 Model of N flow in garbage treatment system 
 
 
                                                                                  

                                                                                          
                                                                                     

 
 
 
 
 
 Equation  

According to the garbage treatment system nitrogen flow model the input-output 
are shown above. This section describes in detail the calculation of each input item, 
coefficients and activity data. The equation of garbage treatment system can be 
calculated using the following method: 

 input city solid wasteG G − −= (5.1) 

 v Xolatoutpu ilizat lea och NOti nG G G G= + +  (5.2) 

Where inputG and outputG are the total nitrogen input and output to garbage treatment 

system; city solid wasteG − − are municipal solid wastes including household waste, medical 

NOx        

Garbage 
treatment 
system           

Landfill   

Incineration  
The various city 
solid waste         

Leach        

Votilization        



 

waste, industrial waste, garden waste and so on.  and others; leachG  is the nitrogen 

contained in garbage released to the groundwater during the landfill process;

volatilizationG  is generated during process of incineration;
XNOG is emission from the 

process of incineration;  
 
Table S13. Input and output items in processes of garbage treatment system. 
 

Items Equations 
Activity data and parameters 

description 
Garbage input      (1 50) 17 51 52inputG R F R R= − × × ×     R50: the rate of garbage 

disposal 
F17: the amount of garbage 
R51: the percentage of various 
types of garbage 
R52: the N content of garbage  

Landfill  53landfill inputG G R= ×  R53: the ratio of landfill 

Incineration  54landfill inputG G R= ×  R54: the ratio of incineration 

leach 55leach landfillG G R= ×  R55: the ratio of leach 

NOx 56
XNO incinerationG G R= ×  R56: the factor of NOx 

emission 
Volatilization  57volatilization landfillG G R= ×  R57: the factor of 

volatilization 
 
Table S14. The parameters of garbage treatment system. 
 
NO. 

Item description 
Unit Reference Value 

R50 the rate of garbage disposal % Field survey 96.92 

R51 the percentage of various 
types of garbage 

% [79] Food-waste:51.5;papers:9.3; 
plastics:15;textile:5.1 
Woods:2;glasses:2.9; 
metals:0.7;dust:13.5 

R52 the N content of garbage % [79] Food-waste:2.6;papers:0.3; 
plastics:0.5;textile:10 
Woods:0.3;glasses:0.1; 
metals:0.1;dust:0.98 



 

R53 the ratio of landfill % Field survey 56.8 

R54 the ratio of incineration % Field survey 43.2 

R55 the ratio of leach % [19] 1/6 

R56 the factor of NOx emission g/kg [77] 67 

R57 the factor of volatilization g/kg [77] 0.6 

 
Table S15. The activity data of garbage treatment system. 
  

No. Item description Unit Ref 

F17 the amount of garbage  T [75] 

 

Aquaculture system 

 Model of N flow in aquaculture system 
 

 
 
 
 
 
 
 
 
 
 Equation  

According to the aquaculture system nitrogen flow model the input-output are 
shown above. We divided it into freshwater aquaculture and mariculturist. This section 
describes in detail the calculation of each input item, coefficients and activity data. The 
equation of aquaculture system can be calculated using the following method: 

 input freshwater maricultureA A A= + (6.1) 

 
2 3output fish biomass runoff N O denitrification NHA A A A A A−= + + + +  (6.2) 

Where inputA and outputA are the total nitrogen input and output to aquaculture system; 

Freshwater      

Deposition    

Baits      

BNF               

Fish biomass    

maricultura
      

Runoff     
Denitrification(N2)     

NH3      
N2O        

Fertilizer    
Fry     

Deposition    
Fertilizer    
Baits     



 

freshwaterA is freshwater aquaculture; maricultureA  is the mariculture; fish biomassA −  is 

aquaculture production; runoffA is water runoff; denitrificationA is N2 denitrification during 

aquaculture production; 
2N OA is N2O emission from aquaculture production; 

3NHA is 

NH3 volatilization. 
 
 
 
Table S16. Input and output items in processes of aquaculture system. 
 

Items Equations 
Activity data and parameters 

description 
Fertilizer (freshwater) 

-1 18 58 59fertilizerA F R R= × ×  F18: the area of freshwater 
aquaculture 
R58: the amount of compound 
fertilizer per unit area of freshwater 
aquaculture  
R59: N content of compound fertilizer 

Fertilizer (mariculture) 
-2 60fertilizer baitsA A R= ×  R60: the percentage of compound 

fertilizer and baits in mariculture 

Bait  19 61 62baitA F R R= × ×  F19: the production of aquaculture 
R61: the ratio of feed in aquaculture 
R62: The N content of bait in 
aquaculture  

Fry  20 63fryA F R= ×  F20: the amount of fry per unit area 

R63: the N content of various fry  

Deposition  
-1 18 4depositionA F R= ×  F21: the area of freshwater 

maricultuer  

-2 21 4depositionA F R= ×  

BNF 22 64BNFA F R= ×  F22: The amounts of algae 

R64: The N content of algae 

Fish biomass          19 65fish biomassA F R− = ×  R65: The N content of aquaculture 

Runoff  66runoff lossA A R= ×  R66: the factor of runoff 

Denitrification  67denitrification lossA A R= ×  R67: the factor of denitrification 

Ammonia-volatilization 
3

68NH lossA A R= ×  R68: the factor of ammonia 
volatilization 



 

N2O 
2

69N O lossA A R= ×  R69: the factor of N2O 

 
Table S17. The parameter of aquaculture system.   
 

NO. Item description Unit Reference Value 

R58 the amount of compound fertilizer 

per unit area of freshwater 

aquaculture 

kg.hm-2 [62] 225.52 

R59 N content of compound fertilizer % [63] 33.3 

R60 the percentage of compound fertilizer 

and baits in mariculture 

% [80];[81] 20 

R61 the ratio of bait in aquaculture % [7] Fish:2; shrimp:1.5;crab:2 

R62 The N content of bait in aquaculture % [81] Fish:6.4; shrimp:4.96;crab:5.76 

R63 the N content of various fry % [62] Fish:2.45; shrimp:2.43;crab:2.22 

R64 The N content of algae % [7] 2.7 

R65 The N content of aquaculture % [7] Fish:3;shrimp:2.9;crab:2.9;shellfish:2.

1 

R66 the factor of runoff % [81] 10 

R67 the factor of denitrification % [77] 50 

R68 the factor of ammonia volatilization % [77] 15 

R69 the factor of N2O % [81] 1.25 

 
 
Table S18. The activity data of aquaculture system. 
  

No. Item description Unit Ref 

F18 
the area of freshwater 
aquaculture 

Hm2 [75] 

F19 the production of aquaculture T  [75] 

F20 the amount of fry per unit area 
Kg/hm
2 

[75] 

F21 
the area of freshwater 
maricultural 

Hm2 [75] 

 



 

Greenbelt system 

 Model of N flow in greenbelt system 
 
 
 
 
 
 
 
 Equation  
According to the green space system nitrogen flow model the input-output is shown 
above. We divided it into the city lawn and city forest. This section describes in detail the 
calculation of each input item, coefficients and activity data. The equation of green space 
system can be calculated using the following method: 

  input greenbelt deposition fertilizer BNF petGR GR GR GR GR− = + + +         (7.1)                     

  
2 2 3- +output greenbelt clip runoff N O N NH leachGR GR GR GR GR GR GR= + + + +        (7.2)   

Where input greenbeltGR −  are the total nitrogen inputs of greenbelt; output greenbeltGR −  are the 

total nitrogen outputs of greenbelt; depositionGR  is nitrogen deposition of greenbelt; 

fertilizerGR  is fertilizer applied to greenbelt; BNFGR  is biological nitrogen fixation in 

greenbelt ; petGR  is pet excretion recycled to greenbelt; clipGR is nitrogen output 

through grassland clipping; runoffGR  is water runoff from greenbelt; 
2N OGR  is N2O 

emission from greenbelt; 
2NGR is N2 denitrification during nitrogen loss process in 

greenbelt; leachGR is the nitrogen leaching through greenbelt;
3NHGR  is NH3 

volatilization from greenbelt;  
 
Table S19. Input and output items in processes of green space system. 
 

Items Equations 
Activity data and parameters 
description 

BNF 22 70BNFGR F R= ×  F22: Area of greenbelt 

R70: Nitrogen fixation rate of 
greenbelt 

Pet excreta       Clipping         
N2、N2O、NH3     

Greenbelt      

Runoff      

Fertilizer      
Deposition      
BNF      Leach      



 

Fertilizer  22 71fertilizerGR F R= ×  R71: fertilizer rate of greenbelt 

Pet-excreta  Table25 in Pet system 

Deposition  
- 22 4depositon lawnGR F R= ×  

 

 
 
Runoff  
 
 
 
N₂O 

 R72: Rate of fertilizer nitrogen 
runoff  

72 73runoff fertilizer petGR GR R GR R= × + ×  R73: Rate of manure nitrogen 
runoff 

 R74: Factor of N2O emission in 
greenbelt 

2
74N O fertilizerGR GR R= ×  R75: Factor of NH3 emission 

from fertilizer  
NH3 

3
75 76NH fertilizer petGR GR R GR R= × + ×  R76：Factor of NH3 emission 

from manure 
Leach 77leach inputGR GR R= ×  R77: Factor of leaching from 

greenbelt 
 
 
Table S20. The parameter of green space system. 
  
NO. Item description Unit Reference Value 

R70 Nitrogen fixation rate of lawn kg. ha-2 [16] 18 

R71 fertilizer rate of urban lawn kg. ha-2 [82] 300 

R72 Rate of fertilizer nitrogen runoff  % [19] 11 

R73 Rate of manure nitrogen runoff % [19] 5 

R74 Factor of N2O emission in 
greenbelt 

% [19] 1.1 

R75 Factor of NH3 emission from 
fertilizer 

% [19] 11 

R76 Factor of NH3 emission from 
manure 

% [19] 23 

R77 Factor of leaching from lawn % [77] 3.2 

 
 
 
 
 
 
 



 

Table S21. The activity data of green space system. 
  

No. Item description Unit Ref 

F22 Area of urban lawn Ha2 [75] 

F23 Forest volume M3 [75] 

F24 Area of forest Ha2 [75] 

 

Energy system 

 Model of N flow in energy system 
 

  
                                                                            
                                                                            
       

 
 Equation  

According to the energy system nitrogen flow model the input-output are shown 
above. We based on mass balance the input is estimated according to the output. This 
section describes in detail the calculation of each input item, coefficients and activity data. 
The equation of energy system can be calculated using the following method: 

                     input outputE E=                                   (8.1) 

2 3
=

Xoutput N O NO NHE E E E+ +                            (8.2) 

where inputE and outputE are the total nitrogen input and output to energy system; 

2N OE is the N2O emission from fossil fuel combustion; 
xNOE is the NOx emission from 

fossil fuel combustion; 3NHE :is the NH3 emission. 

 
Table S22. Input and output items in processes of green space system. 
 

Items Equations Activity data and parameters description 
NOX E =(1-R78) 26 79

XNO F R× ×  F26: Energy consumption of various sector 
R78: Removal rate of NOx- 
R79: Factor of energy sector NOx-N emission 

N2O 
2

E =F26 R80 R81N O × ×  R80: Factor of energy sector N2O emission 

R81: Conversion of fuel calorific value 

Different fossil energy   
(coal,gasoline, natural 
gas and so on)         

Various sectors        
N2O      

NOx     

NH3     



 

NH3 
3

E = 27 82NH F R×  F27: vehicle-miles of travel 
R82: Factor of vehicle-miles of travel NH3 
emission 

 
Table S23. The parameter of energy system. 
  
NO.  

Item description 
Unit  Reference  Value 

R78 Removal rate of NOX % [82] 30 
R79 Factor of energy sector NOX-N 

emission 
Kg/t [50] Table S23-a 

R80 Factor of energy sector N2O 
emission 

kg/TJ [50] Table S23-b 

R81 Conversion of fuel calorific value kJ/kg; 
kJ/m3 

[50] Table S23-c 

R82 Factor of vehicle-miles of travel NH3 
emission 

g/km [50] Table S23-d 

 
Table S24. The activity data of energy system. 
 

No. Item description Unit Ref 

F25 
Energy consumption of various 
sector 

 [75] 

 
Table S23-a. Factor of energy sector NOX emission(kg/t). 
  

 
 
 

Sector          
Emission 

source  
Coal   Coke   

Crude 

oil   
Gasoline    Kerosene    Diesel   

Fuel 

oil        

Natural 

gas     

Energy         Electric 9.95    7.24       16.7        21.2        7.4      10.06 41           
 Manufacture  0.75   0.9     2.19          9.62     5.84  

 Oil refining 0.37    0.24              

Construction      7.5    9        16.7       7.46        9.62     5.84 20.9         

Transportation    Highway     21.2        27.4        27.4     27.4  

 Railway  7.5    9          54.1     54.1  

 others 7.5     9       5.09        16.7        27.4        36.3     36.3      20.9         

Consumption     1.88   2.25     1.7         16.7        2.49        3.21    1.95      14.6         

Commerce  3.75   4.5     3.05          16.7        4.48        5.77     3.5       14.6         

Agriculture   3       6.7          9.4        

others  3.75   4.5     3.05        16.7        4.48       5.77     3.5       14.6         



 

 
Table S23-b. Factor of energy sector N2O emission (kg/TJ). 
 

 
Table S23-c. Conversion of fuel calorific value (kJ/kg; kJ/m3). 

 

                                                                
                                                                       
                                                                
                                                                   
                                                                
                                                                                                                            
 
 
 
 
 
 

Table S23-d. Factor of vehicle-miles of travel NH3 emission. 
 
 Factor of NH3 emission g/km 
Heavy-duty car 0.028 
light car 0.026 
Heavy-duty diesel 
car 

0.017 

Light diesel car 0.017 
 

Pet system 

 Model of N flow in pet system 
 

 
                                                                                                  
                                                                                                   
                                                                                                 
                                                                                                  

Sector Coal   Coke   Crude oil     Gasoline     Kerosene    Diesels     Natural gas      
Consumption          1.5 1.5     0.6       0.6      0.6         0.6           0.1         
Transportation            3.2      2          3.9           0.1            
Agriculture              1.5 1.5    0.6        0.6       0.6            0.6         0.1            
Construction            1.5 1.5    0.6        0.6       0.6          0.6         0.1            
Commerce           1.5 1.5    0.6       0.6      0.6         0.6           0.1             

Item  Lower calorific value 
                                             
Coal                20908         
Coke              28435         
Coal gas               16726         
Crude oil                41816           
Gasoline                    43070           
Kerosene                    43070         
Diesel                      42652          
Fuel oil 41816         
Natural gas                 38931         

Pet excreta     

To lawn   

Landfil
       Pets     Pet feeds     



 

                                                                                                     
 Equation  

According to the pet system nitrogen flow model the input-output are shown above. 
This section describes in detail the calculation of each input item, coefficients and activity 
data. The equation of pet system can be calculated using the following method: 

                           input feedsP P=                                (9.1) 

                        output landfill lawnP P P= +                     (9.2) 

Where inputP and outputP are the total nitrogen input and output to pet system; feedsP is 

pet feed input including dog and cat feed; landfillP is pet excretion which is sent to 

landfill; lawnP  is pet excretion which is recycled to urban lawn. 

 
Table S25. Input and output items in processes of pet. 
 

Items Equations 
Activity data and parameters 

description 
            
            
Feeds       

                                             
                                             

P =F12/13 (R83 R84 R85+R86 R87 R88)feeds × × × × ×    

R83: The proportion of the 
dog 
R84: The weight of dog 

R85: The per kilogram of dog 
needs nitrogen for per day 
R86: The proportion of the 
cat    
R87: The weight of cat 

R88: The per kilogram of dog 
needs nitrogen for per day 

Landfill      P =P / 2landfill excretion cat−  
Pexcretion-cat: the excretion of cat 

Greenbelt        P = / 2greenbelt excretion cat excretion dogP P− −+  
Pexcretion-dog: the excretion of 
dog 

 
 
Table S26. The parameter of pet system. 
  
NO. 

Item description 
Unit Reference Value 

R83 The proportion of the dog % [62] 69.2 

R84 The weight of dog kg [16] 20 



 

R85 The per kilogram of dog needs 
nitrogen for per day 

g/kg [16] 0.56 

R86 The proportion of the cat % [62] 30.8 

R87 The weight of cat kg [16] 3.6 

R88 The per kilogram of dog needs 
nitrogen for per day 

g/kg [16] 0.88 

 

Industry system 

 Model of N flow in industry system 
 
 
                                                                                                  
                                                                                                 
                                                                                                 
                                                                                                     
                                                                                                    
                                                                                                     
                                                                                                     
                                                                                                     
                                          
 
  Equation  

According to the industry system nitrogen flow model the input-output are shown 
above. Ammonia synthesis industry and nitrogen fertilizer production is less in Xiamen, 
so we ignore the ammonia emission. Due to the lack of data, we only calculate NOX 
emission and waste water. These data come from local government statistical documents. 
The equation of industry system can be calculated using the following method: 

 

                           input materialI I=                                (10.1) 

                  
Xoutput production waste water NOI I I I−= + +               (10.2)                     

Where inputI and outputI are the total nitrogen input and output to industry system; 

materialI is raw materials for industrial production; productionI is industrial production; 

water waterI −  is the waste water discharge from industry; 
xNOI  is NOX emission during 

industrial production. 
 

 Raw material         

 Industrial wastewater        

Industry     
system     

NOx         

Recycle（96%）     

Industrial production    
 
 
 
 
 
 



 

Table S27. Input and output items in processes of industry system. 
 

Item Value (Gg) Reference 

waste waterI −  
0.11 [62] 

XNOI  
11.7 [62] 

 

Nearby sea system  

 Model of N flow in coastal system 
 
    
    
                                                                                                 
                                                                                                 
                                                                                                   
 
 
 Equation  

According to the coastal system nitrogen flow model the input-output are shown 
above. This section describes in detail the calculation of each input item, coefficients and 
activity data. The equation of nearby sea system can be calculated using the following 
method: 
                           

arginput deposition riverine BNF sewage disch e mariculture surfacewaterO O O O O O O−= + + + + +    (11.1)                       

2 2

dim

output wild fish N N O mariculture productions

to ocean se ent particulate

O O O O O

O O
− −

− −

= + + +

+ +       (11.2)                                                             

Where inputO and outputO are the total nitrogen input and output to nearby sea system; 

depositionO is atmospheric deposition to coastal region; riverineO is riverine import from out 

of system; BNFO is the microbial nitrogen fixation in coastal; argsewage disch eO − is the tail 

water from sewage treatment plants; surfacewaterO : the surface water from inland to near 

sea; maricultureO is nitrogen from marine aquaculture in coastal; wild fishO − : The total 

To ocean           Riverine import        

Surface water          Mariculture productions          
Sediment particulate         

                                          
Nearby sea system      

N2O           

Deposition         

N2             BNF         

Wild fishing      
Mariculture          
Sewage discharge                



 

amount of wild fish mariculture productionsO − is the nitrogen of marine catch productions;  

2NO  is denitrification in nearby sea mainly including N2; 
2N OO is N2O emission from 

nearby sea; dimse ent particulateO −  is particulate nitrogen sediment; to oceanO − is nitrogen 

transferred to further ocean.  
 
Table S28. Input and output items in processes of coastal system. 
 

Items Equations 
Activity data and 

parameters description 
Deposition  O =F26 R4deposition ×  

F26: Area of coastal  

 

Riverine import  O =F27 R89riverine ×  
F27: The inflow of river into 
the sea 
R89: The N content of river 

BNF O =F26 R90riverine ×  
R90: The rate of microbial 
nitrogen fixation  

Tail water 
argO =Ssewage disch e tail water− −  

Table10 Sewage system 

Mariculture   
2O =Amariculture fertilizer baitA− +  

Table16 Aquaculture 
system 

Wild fish  O =F28 65wild fish R− ×  
F28: Wild catches 

Mariculture productions O =F29 65mariculture productions R− ×  
F29: Mariculture 
productions  

Denitrification  O =F26 91denitrification R×  
R91: Rate of denitrification 

N2O 
2

O =F26 92N O R×  
R92: Rate of N2O 

Sediment of particulate 
N 2 inputO =O 93 94N O R R× ×  

R93: Particle inorganic 
nitrogen ratio 
R94: Particle sediment ratio 

 
Table S29. The parameter of coastal system. 
  
NO.  

Item description 
Unit  Reference  Value 

R88 The N content of river Mg/L [40] 3.22 
R89 The rate of microbial nitrogen 

fixation 
Mg N/m2.d [83] 25 

R90 Rate of denitrification Umol.m-2.h-1 [84] 239.9-707.7 



 

R91 Rate of N2O Umol.m-2.h-1 [85] 0-4.68 
R92 Particle inorganic nitrogen ratio % [86] 4.24 
R93 Particle inorganic nitrogen ratio % [86] 57 
 
Table S30. The activity data of coastal system. 
 
No. Item description Unit Reference 

F26 Area of coastal ha [75] 

F27 The inflow of river into the sea M3 
Field 

survey 
F28 marine catches T [75] 
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