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Abstract: Non-point source pollution models are useful tools to simulate pollution loads entering water bodies, identify
critical source areas and assess best management practices. The accuracy and the reliability of the above information
generated by models is highly determined by how a model delineates surface runoff pathways and how it simulates pollutant
transport processes along the runoff pathways, which is especially important in complex watersheds with fragment
landscapes. Agriculture in China is characterized with small and various types of fields in limited areas, which means
fragment landscapes are common. Currently, widely used non-point source models are most developed in western countries ,

which usually ignore the heterogeneity of fine-scale runoff pathways and simulate terrestrial pollutant transport within a sub-
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watershed by a lumped approach. This paper presented a Spatially and Temporally distributed Model for Non-Point Source
pollution ( STEM-NPS ) that simulates pollutant transport processes based on fine-scale runoff pathways. First, the
background, development process and model theory of STEM-NPS was described. STEM-NPS was first published in
international journals in 2017 while the development and modifications continue till right now. The model simulates runoff,
nutrient loads and water quality on a grid cell basis and a daily time step. The hydrological module of STEM-NPS is the
Distributed Hydrological Model for Watershed Mangement ( DHM-WM ) which delineates runoff pathways, simulate surface,
subsurface and base flow and calculates runoff travel time along pathways. DHM-WM has two water balance routines; local
routine is for watersheds dominated by infiltration-excess runoff while global routine is for watersheds with both infiltration-
excess and saturation-excess runoff. The pollutant transport module of STEM-NPS simulates nutrient loads generated from
source areas and loads entering water bodies with zero-order mobilization and first-order delivery functions respectively.
Then, model application cases in different geographic regions and scales were presented. One case was in a plateau
watershed in Yunnan province and the other case was in a plain county in Henan province. The application cases showed the
model functions in tracking fine-scale runoff pathways, identifying fine-scale critical source areas, analyzing key processes
and driving factors of pollutant losses, as well as how the model was used in an on-line support-decision system of non-point
source pollution monitoring and control. After that, STEM-NPS was compared with some commonly used models such as
SWAT, APEX, HSPF, AnnAGNPS, L-THIA, STEPL-WEB, CADA-ECM and SPARROW , specifically for their functions
in identifying critical source areas and assessing best management practices ( BMPs). Based on the comparison, application
perspectives of STEM-NPS in ecology were proposed, such as assessing the impact of hydrologic connectivity on nutrient
transport and analyzing social-economic development impact on water environment. Although with advantage in supporting
fine-scale non-point source pollution control, the STEM-NPS model still needs further modifications, such as representing

nutrient legacy effect in the nutrient transport module and developing a user-friendly BMP assessment module.

Key Words: nitrogen and phosphorus; runoff pathway; critical source area; mnon-point source pollution; best

management practices
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Fig.2 Diagram of the local water balance routine and the global water balance routine in STEM-NPS hydrological module
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STEM-NPS # R %5 Je it N A2 Fi i A i BE0R AT 1 T4k o 0 28 LAFH P 38 a2 1 ol v 38 MG A 400 It 35 7 1740 o
B ; A2 AR vk 5 SWAT RERIARAL, Mo T 35 7K 2 AR R M 2 24 H A K AT — R R S 7K 2 RTR A
I BER 1] S8 B
3 HAEMRSNAHE
3.1 AR A A

STEM-NPS #5578 55 5 78 15 5 i 380 ( 25 B 48 RGP ek, TR AR 217 km?) V70 57 Jit EL 0 (T e 48 1 ok B T AR

http ; //www.ecologica.cn



6 1) B A TR AR oA 2T IS SRR BT 55 10 P o 2481

623 km® ) 2 AN [ il BEERIE K RURE A DX BGHEATT 1 ISR AL 1 YL 7K 7K B [ 31 5 1B T 4% bR
B B TR e YRSk A R K A s R 1 TRTRTS e 9 SRR I SR SRR DR DX AT 175 e i R G i 7
FIURENPZR AT HE B XA B A, T SORF LRGP ] 3t 35 Ay i 75 17 FH 5 451, 3 T ASE 280 i34y 17 P 077 0k
ETRE ; I LUFE SR EL A 5] 150 WAL AR A DX el i 5 7 e W A8 T Pl 55 ARas A7 5 1k

AN, STEM-NPS AR TE AE VLRI T 0 S8 o B X Al A5 1 DA JR i SN P )i B8 3 ) et 3
T AT 2R B RS $b BR AN 7 ORUBE A e e | AR D - i Sl oy S BT R T T s BAOR T R AR A ] T
DA it A 22 S VR e ) A K A B FR 520
3.2 SRR ISR ——2 B A ROPIAT e

ORISR K e AR, LSRR | 1M e XA g R P R, LR ™0 o
R AL R L BRI e K MR 22 LURE P o 2 PR IR R 7 PR, K SCRE R SR P 4 JRy 7K - i
A ELUAK B TRV Jit T K SR

STEM-NPS #5578 R i 21 I PR b bR ki TR T8 PN AR IR B A | SRR AR UL B A 1) 2 S P X T Y5 e A
KA AR (P 4) o DRk R A B ARDL A bR AR M 22 S O, B 1 380 TR AS O A I L A Y b A
FHS A MBI o A0 T 7 K PRI 22 5k

2013-09-20 5 1 Hr ABC

2013-09-207k FH #1DE

ke A A DL — R 3k & A ML :

13.1 mg/m?; % K44 4.7—4.9 mg/m?;

MM Rk BRI X4 N RERA

D 3.7 mg/m? 7B A 0.9 mg/m?

E 10.0 mg/m2 R A B 2.2 mg/m?
I NKIER/ (g/m?) C 2.9 mg/m?
w105

0 0 4 km

B4 ZEERILARBEIRGRENKEE XRREREERE STEM-NPS X125t #1200 %) &
Fig.4 STEM-NPS simulated phosphorus loads entering water bodies, critical source areas and the representation of fine-scale runoff

pathway impacts in Fengyu watershed, Yunnan

LT RS e A KA B )2 ] 43 A BB 25 SR, STEM-NP'S 570 SE K 411 51 5 S U X ( J&1 4) R R 5 e &
AR B RE (R 1) o A GOCHEIRIX (TS G A KRR R T 2408 2 PR 22 19 IX ) £ 224
B L A K PR 22 B SR AR AR 2 M AR W IR = 0K 586.4 mm, D T IR TS G R S it T 7S 2 BB
1877, P, iz S B T Rk i S s A, DR A sl M SR AR R B A, T B RS R IR X (iR
TR AR R R T IR BCFSIA 1 AR 22 B9 X)) ) 32 2R 0K I, AR 2 3 SR AR i B W 0/ T A 9 (HAR A
TZEE0.91, T A POCHERIX . U BT R R 5 QeI 2k i) S p e e, 17 06 5 TG I o i 8 O B A )
FEE R

http ; //www.ecologica.cn



2482 A E = 2%

1 STEM-NPSiRZIMZEERITRIEXBRERX LB ITEMZMEEZR

Table 1 STEM-NPS identified critical source areas, key processes and factors in Fengyu watershed, Yunnan

Gl ATIE A PR N
. s 24 2 AEHHRAR TG ESOVNTES S AR Uilgeyia
AR X 2% W g A
. Annual runoff Annual export Percentage of Percentage of
Critical source area classes Annual phosphorus . o
) detph/mm ratio contributing area/% phosphorus loss/%
loss rate/ ( kg/km”)
A REIRIX CSA A 514.7 586.4 0.85 3.4 25.2
B L CHRIHIX CSA B 243.1 331.2 0.91 17.1 55.3

AT R A KR 5L & A B HS{E, CSA A: A R X Critical source area class A; CSA BB 2 K8 X Critical source area

class B.
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Fig.5 STEM-NPS applied in the non-point source pollution monitoring and assessment system in Nanle county, Henan
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