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Nen-point source (NPS).pollution is regarded as a major concern for water
quality deterioration. (Ongley et al., 2010)

-

Relatlve to point source poIIutlon NPS poIIutlon is dlfflcult to measure and o

e @gwe\Ler ma ; studleshave |nd|cate¢that

J~.J

relatg\{e?!lsﬁla“ aessioh

.y Targeting the CSAs for |mplement|ng besl.‘ management practices
(BNIPs)h 'been recognlzed as an effective and efficient way to control

Unerstanding the spatial characteristics of NPS
pollution is the key first step to identify the CSAs
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The pollutant flux of a certain geographical unit out of from a
watershed depends on not only nutrient emission from the
landscape but also the biochemical transformations within
the delivery ProcCess. (Aguileraet al., 2012; Alexander et al., 2002; Bettez et al., 2015)

Delivery process may result in the difference between the
emission (to water or reach nearby) and export (to receiving water
bodies) of diffuse nutrient in spatial distribution. (shenetal. 2015)

Understanding the spatial characteristics of NPS
pollution require evaluating the influence of delivery
process.
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Objectives to...

v’ 1) evaluate the export (to receiving water body) of diffuse

nutrient from the watershed;

v’ 2) contrastively analyze the spatial features of diffuse

nutrient emission(to water or reach nearby) and export;

v’ 3) assess the impact of delivery process on the difference
between the emission and export of diffuse nutrient in

spatial distribution.



Methodology

L -
@ Delimitation of calculating unit e Sub-watersheds
l [Hydrologic response units (HRU)]

Path analysis of nutrient
@ transporting to outlet of the —| The relationship of upstream
watershed from source area and downstream, river network

3 Topography
Calculation of ,
i o A: Hydrographic
@ nutrient emission net
| The
¢
@ Calculation of nutrient outputs
export from the watershed N— <:|
of NPS
Hydrological
dat
models =
Spatial distribution of nutrient Agricultural
@ . <:: management
emission and export information

The SUB_emission of nutrient was the nutrient (N and P) that was transported by the
runoff and with the sediment into the reach described in the SUB files

RCH]-_out (1)

RCHj_in

The SUB_export was the proportion of subwatershed-emitted nutrient that exported to
the outlet of the watershed, which is the result of SUB_emission and the delivery

process (Function 1)
2016/7/27 5
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RCH; out
| T . — . issi n o_~ ;- 1
L SUB;_export = SUB;_emission * [[}; RCH, i (1)
36| 28 31 . : L
> The delivery process was described by the migration
2 K = distance and the percentage of output to input
;ﬁ | : | nutrient of the reach, such as RCH;_out
’ 2|5 ’ 2|2 ‘ ‘ % 37 ‘ and RCHj_in in the function 1
23 3 | The path relationship of the routing reaches
v was used to calculate the migration distance of
ﬁzu . 20 emitted nutrient move to outlet of the
18 19 watershed from the source sub-watershed
| 1 | - 14 10
Y w0 |12 | Y
15 13 ) - .
. . ~— Retention coefficient was used to describe
m . the changes of emitted nutrient within the
Y . .
E = T = delivery process (Function 2)

SUB_emission — SUB_export
SUB_emission

(2)

4 Retention =
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Research area-

AGRIB

A headwater watershed
of Erhai Lake area in
Southwestern China

N

Agricultural NPS
pollution is the major .
concern of water

quality deterioration
of Erhai Lake




Research area-Fengyu River watershed

v" Area: 218 km?

v’ Subtropical plateau
monsoon climate:

Annual mean
temperature:

13.9 °C
Rainfall depth:

740 mm, with more
;L 9 than 85% occurs from
Legend | Mipaigles May to October

— River
B Outlet .
% Qingyuan Spring .
®  Weather station
Bl Residential area
DEM(m)

- High : 3621
— Low : 2079

0 1 2 4 6

v Residential area:
Population: 39,000
people

Cow: 10,000 heads

8

km
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Databases for SWAT model

DEM(1:50000)

Legend 3
i ‘ Legend
H  Outlet g [T Paddy field
% Qingyuan Spring < - [ Dry land
®  Weather station I Forest
BE Residential area [ 1 Meadow
DEM(m) I Orchard

j High: 3621 I Residential arca

Low : 2079
01 2 4 6

Il Water
01 2 4 6 8

Land use(1:100000)

Soil(1:500000)

Legend

B Red earths
1 Paddy soils
I Limestone soils
I Brown carths

B Dark-brown earths
B Yellow-brown carths
7 Subalpine meadow soils

01 2 4 6 8
- km

Climate data, soil
properties, land
cover, etc.

n
=
—

OUTPUT: discharge, N and P load
in HRU and Sub files

Crop planting,
fertilizer application,
irrigation, tillage, etc.

A

[1]27

Measured data:
stream flow, water
quality
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Databases -soil and fertilization

Soil type Percentage Bulk density Clay Silt Sandy Organic TN TP
of area (%) (g/cm?) (%) (%) (%) carbon (%)  (g/kg) (g/kg)
Red earths, brown earths and Red earths 27.8 1.27 53 51 437 2.1 15 0.7
Paddy soils 14.3 1.40 89 601 31 1.9 17 0.6
Limestone 3.0
dark-brown earths are the woils 1.53 65 796 139 1.7 16 0.8
$ Brown earths 25.8 0.88 14 82 4 3.3 24 0.9
. . . Dark-brown 22.4
dominant soils which account earths o8 S M S el W
:Z'r'toh":'bmw” 3.7 1.04 8 639 281 1.9 1.7 1.1
o) o) o) :
for 27.8 Y0, 25.8% and 22.4%. Subalpine 31 0.73 87 574 339 96 7.3 1.8
meadow soils
Crop Data of fertilizer Livestock manure Chemical fertilizer
type application
N(kghmZal) P(kghm?2al) N(kghmZ?a?l) P(kghm?a
Dominant land use includes 1)
Paddy May 1 70 30 53.6 28.3
meadow (35.6%), forest (33.0%), rice June 1 57.9 0.0
July 1 57.9 0.0
and crop land (29.0%) which is Total 70 30 169.4 283
Corn May 1 81 36 48.4 38.9
classified into paddy field(12.9%), June 1 59.9 9.0
$ July 1 59.9 9.0
dry land(11.1%) and orchard(5.0%). Total 81 36 168.2 56.9
Fava bean October 1 120 55 30.4 47.7
Rice-broad bean/rape in paddy field November 15 21.2 11.3
January 1 27.2 11.3
Corn-broad bean/rape in dry land Total 120 > 818 703
Rape October 1 131 61 53.0 26.8
. November 15 56.9 12.0
prune tree in orchard January 1 6.0 120
Total 131 61 166.5 50.8

'_A
b
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Measured data and model setup

Legend

—— River
B Outlet
% Qingyuan Spring
®  Weather station
Bl Residential area

Discharge: 2011-2013, daily
Water quality: Oct. 2010-2013, daily

Water quality parameters: TN, TP

DEM(m)
-‘ High : 3621 °
Low : 2079
01 2 4 6
J—— km
Constituent Calibration Validation

Jun. 2012 to Dec. 2013  Jan. 2011 to May 2012

Discharge

* SWAT version 2009
Jan. 2011 to May 2012

e 37 sub-watersheds

Sediment Jun. 2012 to Dec. 2013

Oct. 2010 to May 2012

Jun. 2012 to Dec. 2013

2016/7/27 Nutrients(TN,TP)



Stream flow discharge and nutrient load
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* The agreement between the simulated and monthly observed data for
the TN and TP load was satisfactory

2016/7/27
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Spatial distribution of nutrient emission

N

——_ S

* The emission intensity
showed enormous
spatial variations that

varied from 0.01 to 17.69

. kg hm2for TN, with the
; 2 N
Legend ‘\ N k Legend '\ ‘o , TP range from 0.01-1.82
TN(kg hm) A 4 TPghm?) ™" N \\ 4
[ o01-300 47 - A 0 oot-038 7 Y -2
2 3.01-6.00 \\ 36 \7\. L T 038-0.76 \\ 36 A { kg hm
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B 901-12.00 9 \ ( 4152 9 \ {
B 1201-17.69 1 D y Bl 5282 1 D, y
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e Sub-watersheds 5, 10, 15 and 31 emitted higher level of TN
* Sub-watersheds 4, 15 and 31 emitted higher level of TP

 Sub-watersheds 15 and 31 were the hot areas both for TN and TP emission
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Relationship between nutrient N
emission and flow and sediment

The sub-watersheds with higher level of

TN emission were located in the areas

with middle level of flow depth.

Legend X Legend \ ) N y 1
TN(kg hm?)™~ ) TPkghm?)™~ )
1 001-300 < \ 31 / [ 001-038 (\“ \-\ 37 )
H o o 4'] 3.01-6.00 136 S 7 038-076 o3¢ 0 :
Flow generation sediment generation TR oo\ \-
N N 2.00 { Bl 104-152 N !
S X i | 17.69 _ 4 52182 L /
5 6 s U7 4 012 4 6 s V7 l _//
{ T — KT O O km v

The sub-watersheds with higher level
of TP emission distributed in the

higher sediment generation areas.

Good hydrological condition and

" soil erosion is one of important

A )
~ /,.f N ' ° .
Legend Legend o . = factors affecting nutrient
Flow depth(mm) Sediment(t hm ) ’\ 16 A§ (1
High : 496.65 High : 5.99 . \ 1 . .
W m . . .emission, but not the only.
L ,% Wi
012 4 B . o 12 4 5 8 v ¢ 15
) (S /D 7 — m e



Percentage(%o)

Relationship between nutrient emission and land use

IZZ Higher percentage of

. dry land and orchard
but lower ratio of

"1 paddy field
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Relatively higher percentage of dry land

B paddy field
RNDry land
m Orchard

Residential area

and orchard but lower ratio of paddy field

or the existence of residential area were

also the necessary factors that affected the

emission of nutrient

2016/7/27

The generation intensity(kg ha™)

The generation intensity(kg ha™)

= TN
16 e TP
¥=5.980+0.104x
144 m =0.106 P=0.027
| | | |
124
] =
10 = 2 g L2 n
- ] L] [ ] a =
5 i - s
L [
649 -~ ]
" oa " - y=0.415-0.021x
4 r=0.404 P<0.001
- | |
5 u

™1 e TP
16 -
7
| | | |
12 - N
L ?/79.759-0‘0757(
o{ @ = ® 1=0.308 P<0.001
-
™ RN -
g m .
()_
- I. = L n S
44 y=0.942-0.006x e
5 rZ:O.I49P:0.011. "
L ) ®
. = ’ o .
i .vo:""o. """""" A miminicy o -2 % g T2

T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Proportion of paddy field in land use(%) 16



Spatial distribution of nutrient export
E n'lNLiss i 0]’1

* Heavily polluted sub-watersheds were located

close to the outlet of the watershed;
* 5.3% of total area contributed 13.8% of TN loads;
e 5.0% of total area exported 12.5% of TP loads.
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Variation between nutrient
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Retention coefficient(%)

Nutrient retention in
delivery process

Retention coefficient was defined as the

proportion of the emission of diffuse nutrient

that was removed in the transporting process.

90 _
= TN
e TP ny =
1 ]
75 . .- .
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™ S
JP!/ n
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[ PR | [ A
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15 - e
. o oo o0
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Migration distance(km)
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Ratio of export to generation

Migration distance(km)
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Retention coefficient was
positively related to migration
distance because the travel
time was calculated from
migration distance divided by

flow velocity.
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Watershed Nutrient
export (at the outlet of

Watershed Nutrient
emission (to the reach)

the watershed)

179.4 t/a for TN 79.4 t/a for TN

I

17.2 t/a for TP 13.9 t/a for TP

Multiple-year (2010-2013) mean annual 56% of emitted TN and
19% of TP emission was removed in the delivery process

2016/7/27 20



Conclusion

The emission of diffuse nutrient was positively related to the ratio of
dry land and orchard but negatively related to the percentage of paddy
field.

Spatial distribution of the export of diffuse nutrient was determined
by both nutrient emission and the delivery process, which showed
significant variations relative to nutrient emission due to the delivery

process.

Nutrient retention showed great variations among sub-watersheds

because of the different migration distances.



Agricultural Non-point Source (NPS) Pollution Research Group

Optimizing nutrient management
strategies at Field/Farm and
Evaluating the influence of

,'..),‘ 1
= watershed Scales
agricultural NPS pollution on ﬂ Agricultural NPS pollution control and
prediction

the regional water quality. Hongbin Liu

Key laboratory of NPS pollution
control, ministry of agriculture

Monitoring the nutrient loss at
field/farm and watershed level.
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ARG A LSS ST RGN =

Mg |t@r|ng\8stes atfre’rd/farm scale |

K~ N W Y SRS

We have established a national wide agricultural NPS pollution
monitoring network sine 2007, supported by the Special Fund for
Agro-scientific Research in the Public Interest from the Ministry of
Agriculture, China (Grant No.: 201303089 and No.: 201003014)

273 monitoring
sites for nutrient
loss via runoff and
leaching

35 planting patterns




Monitoring Sites at watershed scale

N D 7
A " Li River Watershed
We also have established three A w };

typical watershed monitoring sites
including Taihu Lake, Three Gorges i

Reservoir and Erhai Lake for L
nutrient loss sine 2010. v G :.-
c_'glree G;rg-es Reservoir Region

R
Erhai Lake Watershed




International cooperation and exchanges-China-UK

N-CIRCLE: Virtual Joint Centre for Closed-Loop

Cycling of Nitrogen in Chinese Agriculture
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Family team




Thanks!




