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Background Introduction



Background Introduct ion

4

Å Sequence of major UN agreements

relevant to nitrogen pollution in relation to

past and possible future nitrogen waste

¸ Agricultural non -point source (NPS) pollution poses a risk of eutrophication to approximately 30ï40% of the worldôs

water bodies

¸ Agriculture contributes approximately 40% and 60% of global anthropogenic CHϞand NϜO emissions

IPCC, 2021

Gu et al., 2023 Zhang et al., 2021

Sutton et al., 2021

Å ERF rapidly increases 

with GHG emissions

Å The nitrogen utilization 

efficiency (NUE) is low 

and slowly decreasing

Non- point source pollution
+ Green House Gases

Air pollution



Background Introduct ion
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Non-point source pollution

+ Green House Gases

¸ Agriculture and pastoral areas

¸ Severe soil erosion

Agricultural NPS pollution in the Yellow River Basin is a significant source

of GHG emissions and nitrate exceeding standards in farmland

groundwater

¸ Livestock and poultry manure

¸ Agricultural investment products



Background Introduct ion

The SWAT model focuses on watershed hydrology, sediment and nitrogen -phosphorus transport

processes at the watershed scale

The DNDC model focuses on soil carbon and nitrogen cycling, greenhouse gas emissions, and

microbial processes

6

SWAT
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Materials and Methods



Materials and Methods

Couple models at the hydrological response unit scale, utilize the strong hydrological processes of

SWAT to drive the strong biochemical processes of DNDC

8



Materials and Methods

Conversion of computational units between models

ˍ Soil Parameters ˎ Agricultural Management Data

9

SWAT Model: Hydrological Response Unit (HRU)

Landuse

Soil attributes

Slope

Unique HRU

(e.g., Forest, Crop)

(e.g., Clay, Sand)

Data sharing and 

conversion

DNDC model: point scale generalized simulation

Soil attributes 

(Structure, pH, etc.)

Land use 

(Partial Crop data)

Basic agricultural 

management data

Expand into a 

detailed crop 

system

Refined agricultural 

management data

Generalized 

points

Discontinuous 

Grid

R
e
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SWAT helps DNDC 

clarify the simulation 

boundary

HRU-Crop:

Different crop rotation

systems on HRU form

different points



Materials and Methods

ˍ Soil Parameters

Most soil parameters in DNDC are consistent with those in SWAT

10

SWAT Parameter SWAT  unit DNDC Parameter DNDC  unit Handle of SWAT Pa.

Clay fraction % Clay fraction 1 /100

Bulk density g/cc Bulk density g/cm3 1

Soil PH 1 Soil PH 1 1

Ave. AW Incl wfps Field capacity wfps AW+WP

Ksat. (est) mm/ hr conducitivity m/ hr /1000

Porosity 1 Porosity 1 1

SOC weight % SOC kg C/kg Soil /100

slope % slope %
Minimum value of 

level

Sol_no3(.chm) mg N/kg nitrate mg N/kg 1



Materials and Methods

ˎ Agricultural Management Data ɆPlant

Agricultural management data needs to be further refined on the basis of SWAT

11

Rotation Pattern Crop

Tillage 

Time 

(Method)

Paddy 

Field Start

Planting 

Time 

(Up/Mid/D

own)

Fertilization 

Time 1 

(Basal)

Ratio 1
Irrigation 

Time 1

Fertilization 

Time 2 

(Topdressi

ng)

Ratio 2
Irrigation 

Time 2

Fertilization 

Time 3 

(Topdressi

ng)

Ratio 3
Irrigation 

Time 3

Paddy 

Field 

End

Harvest 

Time

Paddy 

Field 

Mode

Single -season Rice

(Upstream main)

Single-

season 

Rice

11.1 (5)

5.5

5.10 5.1 (At 

transplantin

g)

0.4 -
6.5 

(Tillering)
0.3 -

7.15 

(Booting)
0.3 - 9.2 9.3 CF (10cm)5.10

5.5 (4) 5.1

Winter Wheat

(Single -season dryland)

Winter 

Wheat

7.15 (5)

-

9.25

At sowing 0.5
11.2 

(Overwinteri

ng water)

3.2 

(Jointing)
0.5

3.2 

(Jointing 

water)

None -

5.5 (Grain-

filling 

water)

- 6.5 -10.5

10.1 (4) 10.15

Winter+Single

(Wheat-rice rotation)

Winter 

Wheat
10.10 (4) -

10.15

10.15 (At 

sowing)
0.5

11.25 

(Overwinte

ring water)

3.1 

(Jointing)
0.5

3.1 

(Jointing 

water)

None -

5.1 (Grain-

filling 

water)

- 6.5 -10.15

10.15

Single-

season 

Rice

6.10 (4) 6.15

6.15
6.15 (At 

transplantin

g)

0.4 -
7.5 

(Tillering)
0.3 -

8.5 

(Booting)
0.3 - 10.1 10.5 AWD6.15

6.15

Maize

(Single -season spring 

Maize)

Maize

10.15 (5)

-

4.25

4.25 (At 

sowing)
0.4

6.1 

(Jointing 

water)

6.2 

(Jointing)
0.4

7.15 

(Tasseling 

water)

7.25 

(Tasseling)
0.2

8.1 (Grain-

filling 

water)

- 10.1 -4.25

4.20 (4) 4.25

Winter+Maize

(Wheat-Maize rotation)

Winter 

Wheat
10.8 (4) -

10.10
10.1 (At 

sowing)
0.5

11.2 

(Overwinte

ring water)

3.15 

(Jointing)
0.5

3.15 

(Jointing 

water)

None -

5.5 (Grain-

filling 

water)

- 6.1 -
10.10

10.1

Summer 

Maize
None -

6.15

6.15 (At 

sowing)
0.4

6.15 (Pre-

emergence 

water)

7.25 (Bell 

stage)
0.6

7.25 

(Tasseling 

water)

None - None - 10.1 -6.15

6.15



Materials and Methods

Calculate the actual fertilization amount for each HRU-Crop based on the area proportion and fertilization

intensity of different crop rotation systems

Fertilizer types ; Deep layer and surface layer ; Organic fertilizer and chemical fertilizer

12

DNDC fertilizer category

Nitrate

Ammonium

Urea

Anhydrous_ammonia

Sulphate

Phosphate

Ammonium_bicarbonate

Crop1 Crop2 HRU



Materials and Methods

Allocate irrigation water in space and time αcm/yearβ

The irrigation amount for the same crop varies significantly across different regions

13

Province Single -season Rice Winter Wheat Winter Wheat + Single -season Rice Maize Winter Wheat + Maize

Winter Wheat
Single -season 

Rice
Winter Wheat Maize

Gansu 135.5972 54.2389 54.238895 135.5972 37.96723 54.2389 37.96723

Henan 31.38436 12.55374 12.553743 31.38436 8.78762 12.55374 8.78762

Inner Mongolia 95.85677 38.34271 38.342709 95.85677 26.8399 38.34271 26.8399

Ningxia 347.891 139.1564 139.15641 347.891 97.40949 139.1564 97.40949

Shandong 48.02369 19.20947 19.209474 48.02369 13.44663 19.20947 13.44663

Shannxi 55.38777 22.15511 22.155106 55.38777 15.50857 22.15511 15.50857

Shanxi 57.32473 22.92989 22.929892 57.32473 16.05092 22.92989 16.05092

Sichuan 55.32892 22.13157 22.131569 55.32892 15.4921 22.13157 15.4921

Day 0-5:

Emergence

Day 10-25:

Seeding Stage

Day 35-45:

Jointing Stage

Day 55-65:

Tasseling Stage

Day 70-80:

Grain Filling Stage

Day 100-120:

Maturity Stage



Materials and Methods

Tillage, Flooding, Film mulch, Grazing and Cutting

14
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Preliminary Results



Prel iminary Results

Select six main stream sections and five tributary sections for

the calibration and validation of the SWAT model

Calibrate sequentially from upstream to downstream, and from

tributaries to main streams

16

Å Mainstream Section :

Toudaoguai - TDG

Wubu - WB

Longmen - LM

Sanmenxia - SMX

HuayuankouïHYK

Lijin - LJ

Å Tributary Section :

Baijiachuan (Wudinghe River) - WDH

Hejin (Fenhe River)  - FH

Tongguandiaoqiao (Weihe River) - WH

Qilipu (Yiluohe River) - YLH

Wulingqushou (Qinhe River) - QH



Prel iminary Results

Å In recent years, the total nitrogen concentration in Lijin (estuary)

has shown a downward trend, but most of the time it is still higher

than the Class V water quality standard (2.0mg/L)

Å From upstream to downstream , the peak proportion of non-

point sources gradually shifts from August to October.

Å The output of each tributary is concentrated from April to

October , accounting for 20% - 40%

Å The proportion of total nitrogen output in each tributary from

January to March and December is below 10%

17



Prel iminary Results

Build automated programs, Generate HRU-Crop, Batch simulation

18



Prel iminary Results

CO2 emissions are concentrated in the midstream ; Winter -wheat + Single season Rice

19

SUBBASIN:15 HRU:1 Crop: SR

SUBBASIN:209 HRU:1 Crop: MZ

SUBBASIN:281 HRU:1 Crop: WW- SR

After flooding the rice paddy,

aerobic respiration of soil is

interrupted, and at the same

time, anaerobic methanogens

consume a large amount of COϜ
to produce CH4, leading to a

rapid decrease in COϜ
concentration and emission flux.

The sudden influx of a large amount

of fresh organic matter, coupled with

changes in environmental conditions,

triggered a "respiratory burst" in soil

microorganisms.

As crops grow , the easily decomposable

organic carbon in the soil is depleted. Coupled

with the intense transpiration water consumption

and nutrient competition by plant roots, which

inhibit microbial activity, this leads to a slow

downward trend in soil COϜemission rate.

harvest



Prel iminary Results

N2O emissions are concentrated in the upstream ; only rice emits CH4

20

Crop CO2 N2O CH4

NA 630.49 0.75 0.00

SR 4015.18 62.49 144.82

WW 1214.06 3.95 0.00

WW_SR 5984.02 1.98 61.06

MZ 2402.37 30.91 0.00

WW_MZ 3531.50 11.54 0.00

SUBBASIN:10 HRU:1 Crop: MZ

SUBBASIN:96 HRU:1 Crop: SR

During rice cultivation, CH4 is produced in an

anaerobic environment

N2O is emitted in pulses, which is related

to rainfall

Å High input of double-cropping crops

Ÿ High CO2

Å Submerging and alternating wetting

and drying of rice Ÿ high N2O

emission

Å Long-term anaerobic conditions in

riceŸ high CH4 production


