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Period  Year Precipitation Flow Control Treatment

mm days
Discharge FWMNC Load Discharge
m? mg Lt kg m?

Calibration | 2004 753 137 481 232 15 475 24 109
2005 923 107 1,062 29 259 1427 253 312

Treatment | 2017 763 | 142 1,100 | 115 [ 115 620 | 6.4 4.1
2018 977 s 1,130 79 | ss 615 7.1 50

2019 1010 233 1,559 79 99 581 60 32

2020 676 160 745 55 44 267 34 10

o 601 s 23 | 44 ) 218 | 26 08

o 511 o 644 72 | s 335 68 25

s 765 127 678 86 62 409 82 34
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Years Statiol Paramete Units Mean Std Err Difference DF Prob
201723 \ CTL Discharge m d? 43 976 183 -522 53 00049
2017-23 ‘ TRT Discharge m 43 454 66

2017-23 ‘ CTL FWMNC mgL! 43 68 07 -21 8 00025
2017-23 ‘ TRT FWMNC mg L’ 43 47 05

2017-23 \ CTL NO3-N Load kgd' 43 7.1 06 -32 72 0.0001
2017-23 ‘ TRT NO3N Load kgd' 43 39 05

*Control. CTL: Treatment. TRT.
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Category

September September
Wetland removal (kg) | 1,520 | 1,870 1120 230 65 738 479 161 27 2
Water yield (mm) 325 317 200 803 453 23 9.90 570 290 202
Mud Cr Wet Out Lo 78% % | oon 92% 57% 78% 91% 100% 100%
Mud Cr Garrison 2% 2% 32% 2% 10% 82% 14% 13% 68% 0.76%
Mud Craby Vinton | 72% | 92% | 1 8.1% 62% 10% 10% 78% 27%
Mud Cr Vinton 3.7% 48% ss% | 4% 18% i sow 4z 0.14%

Cedar Palo 0.02% 0.02% 0.03% 0.02% L 0.02% 0.02% 0.07% 0.05% 0.07% 0.01%
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19 February-21 March (“cold period”)

Rain-NO;-N 10 [1120] 0811 -9.51 0.0046959 0.064239 5323 13.68
Rain-DOC 069 [11s) 0805 -9.37 00050423 0.20559 4958 4077
Rain-runoff 038 (1 1o® 0935 -11.33 0.0052678 0.022249 47.46 052

27 May-26 June(*warm” period)

Rain-NO;-N 075 [111o0] 0861 -1037 0.0071362 0.11635 3503 16.31

Rain-DOC 090 IBE] 0.807 -9.48 0010116 042726 2471 42.24
Rain-runoff 030 (1231 0910 -10.63 0.001662 1.3591 15042 056
0.01311

The model structure is given in the form [den num del)?. Term den is the number of transfer function denominators (i..,recession or a parameters). Term nun is the number of transfer function
numerators (i.e, gain or b parameters). Term del is the number of time steps of pure time delay between input and output response (where time-step length multiplied by del = 8), while p is the
magnitude of the nonlinearity term within the Store Surrogate Sub-Model (Chappell et al., 2012). All models have an instantancous component, I (without dynamics; Young, 2006), and its
magnitude is in the units of the input variable. YIC is the Young Information Criterion, heuristic measure of model over-parameterization, and R/ is the simplified Nash-Sutcliffe efficiency
measure (Chappell et al,, 2012). The DRCs are derived directly from the identified a and b model parameters. The TC is the transfer function time constant (h) and is derived from the value of
the parameter a. The SSG is the steady-state gain (in units of the output variable/input variable) and is derived from the values of the a and b parameters used in combination. Note that the rain-
runoff models were identified after first multiplying the runoff by 30 (thereby affecting the values of the a and b parameters in Table 1). Initial values of SSG for the rain-runoff models were
consequently divided by 30 and then added to the instantaneous component (I), before presentation in the table.
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Calibration

Treatme

Treatment

Change, %

Wet years, 2018-2019

Discharge, m'd"*
FWMNC, mg L

Nitrate load, kg

Dry years, 2021-2022
Discharge, m'd"
FWMNC, mg L*

Nitrate load, kg

Average years, 2017, 2020, 2023
Discharge, m’d"
FWMNC, mg L'

Nitrate load, kg
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Summer Fall
Cumulative Groundwater Inflow (m’/sec) 1369 297.8 946 387.9 9172
Cumulative Surface Water Inflow (m*sec) 150.1 1412 401 1478 4792
Cumulative Direct Overland Inflow (m’/sec) 08 12 14 16 50
Cumulative Surface Water Outflow (m’/sec) 2815 4401 1359 537.3 13948
Relative Groundwater Contribution (BFI) 48% 68% 70% 72% 66%
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Mud creek Area Wetland% of Water Nitrate Nitrate yield %

sites (km?) watershed (%) yield (mm) load (kg) (kg/ha) reduction
Mud Cr WetIn | 115 337 140 6,440 191
Mud Cr Wet Total 518 8370 161
Wetland Removal 6200
Mud Cr Wet Out | 204 s 10000 e 2160 417 a2
Mud Cr Garrison | 8.07 3186 1626 s 26,400 829 100
Mud Cr aby 1334 58.02 893 142 66,300 114 855
Vinton
Mud Cr Vinton | 2229 113.18 458 145 145,000 128 409
Cedar Palo 5675 1642570 003 200 25,500,000 155 00243
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Site Area

station (km)  (km?)
Mud Cr Wet In* | Mud Creek upstream of Wetland | 1 115 ‘ 337 WQso101 MUDCRO4 | -92.1676 | 42.09411
Mud Cr Wet Out' | Mud Creek downstream of Wetland ‘ 2 2m ‘ 518 | wason2 92168 | 42.1014
Mud Cr Garrison' | Mud Creek near Garrison, 1A ‘ 3 807 ‘ 3186 | wQsol2 | MUDCRO3 | 521138 | 4207951
Mud Cr abv Mud Creek upstream of Vinton, 1A | 4 1334 58.02 | WQs0103 | MUDCRO2 | 520664 | 4210121
Vinton*
Mud Cr Vinton® | Mud Creek at Vinton, IA ‘ 5 229 ‘ 11318 | WQS0071 MUDCROI | -92.0057 | 42.1547
Cedar Palo” Cedar River at Blairs Ferry Road at | 6 56.75 | 16425.70 | 05464420 -91.7852 | 42.06916

Palo, IA

‘operated and maintained by IWQIS.
boperated and maintained by the USGS.
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Ryegrass-clover Diverse Diverse Diverse Ryegrass-clover Diverse

Year 1 | Precipitation (mm) 603 603 603 603 1,285 1,285
Irrigation (mm) 326 [ 326 107 [ - - [ -
Drainage (mm) 170 £ 30 180 £ 10 34521 182+8 595 + 50 608 + 16
Dry matter harvest (Mg ha™") 137 02 126 07 3502 09 +0.1 7.6+ 04 89 +04

Nitrogen inputs (kg N ha™')

Effluent 110 110 - B - e

Fertilizer 110 110 2 2 2 2
Dung 41 4 95 - | - [ -
Urine 89 89 2 - 207 207
N leaching (kg N ha™) 275+ 58 [ 28.6 + 5.4 ‘ 263 £49 [ 711 £ 6.0 8.1+28 23+04
Year2 | Precipitation (mm) 843 [ 843 s s 1572 1572
Irrigation (mm) 20 220 71 - - -
Drainage (mm) 331150 237 £ 5% 330 £ 36 31259 1,014 £ 79 T
Dry matter harvest (Mg ha™") 107 £02 136+ 08 95+ 06 2502 7.9+ 04 | s0s0a

Nitrogen inputs (kg N ha™")

Effluent 151% 151% - - - -
| Fertizer 140 140 25 25 - -
Dung a5 45 29 - - -
Urine 97 97 63 - 207 207

N leaching (kg N ha™) 80.8 £ 8.9 284 £5.7° ‘ 3.1£04 40.7 £ 3.0* 929 + 12.1 98.1 +10.5

Year3 | Precipitation (mm) 805 [ 805 805 805 1,630 1630

Irrigation (mm) [ 448 | 448 148 | - - [ -
Drainage (mm) 304+ 140 242+ 42 2424 202£6 1,139 £ 59 1,166 + 41
Dry matter harvest (Mg ha') 1.1+ 12 13517 116 £ 0.9 59+ 0.6 14307 151 £ 05
Nitrogen inputs (kg N ha'") :

Effluent 84 84 - - - -
Fertilizer 209 209 25 25 - [ - |
Dung 67 [ 67 59 [ 34 -

Urine 144 144 125 7 207 207

N leaching (kg N ha™) 56.9 + 24.4* 753 £33.1° ‘ 105 £5.5 49 £0.7% 323 £54 9.6+ 13.8
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Pasture type

Diverse

Diverse

Diverse

Diverse

Ryegrass-clover

Ryegrass-clover

12

Perennial ryegrass (Lolium perenne)
Italian ryegrass (Lolium multiflorum)
Plantain (Plantago lanceolata)

Red clover (Trifolium pratense)
White clover (Trifolium repens)

Tall fescue (Festuca arundinacea)

Perennial ryegrass (Lolium perenne)

Lucerne (Medicago sativa)

Plantain (Plantago lanceolata)

Cocksfoot (Dactylis glomerata)

Subterranean clover (Trifolium subterraneum)
White clover (Trifolium repens)

Phalaris (Phalaris aquatica)

Perennial ryegrass (Lolium perenme)
Italian ryegrass (Lolium multiflorum)
Cocksfoot (Dactylis glomerata)
Plantain (Plantago lanceolata)

Red clover (Trifolium pratense)

White clover (Trifolium repens)

Perennial ryegrass (Lolium perenne)

White clover (Trifolium repens)
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Precipitation

2-Year rotation

3-Year rotation

Corn-Soy Soy-Corn Corn-Soy-Wheat
Crop Tile flow (mm) Crop Tile flow (mm) Crop Tile flow (mm)
2015 1,153 NC - NC - Com 119
2016 1,192 Corn 179 Soy 185 Soy n7
2017 818 Soy 132 Corn 101 Wheat/Soy 114
2018 961 Corn 9% Soy ‘ 64 Com 50
2019 1,097 Soy 276 Corn 217 Soy 177
2020 1,045 Corn 273 sy | 243 Wheat/Soy 272
2021 957 Soy 102 Corn 100 Com 9
2022 987 Corn 230 Soy 153 Soy 115
2023 894 Soy 83 Corn 58 Wheat/Soy 7

Note: NC
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2-Year rotation 3-Year rotation

Corn-Soy Soy-corn Corn-Soy-wheat
NOz-N NO3-N Crop NOz-N NO3-N
(kg ha™) (kg ha%)
2015 NC - - NC - - Corn 65 77
206 | Com 74 133 Soy [ 62 14 Soy | 20 23
2017 Soy 53 [ 70 Comn 69 69 | Wheat 19 22
Soy
2018 | Com 98 96 Soy 62 39 Corn 45 | 22
2019 Soy [ 82 | 25 | com 127 27.6 | Soy 19 34
2020 Comn 96 | 262 Soy 52 I 126 | Wheat 47 127
Soy
o Soy 57 | 58 | com | 121 i 121 | com | 104 1 98
w2 com 85 [ 194 Soy [ 87 132 [ Soy | 41 | 47
2023 Soy 37 31 | com 96 56 Wheat/ 32 23
Soy

Note: NO;-N (mg/L) = FWMC; NO,-N (kg/ha) = Load; NC = No crop.
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‘ear rotation

3-Year rotation

Corn-Soy Soy-Corn Corn-Soy-Wheat
Crop Yield (Mg ha™) Crop Yield (Mg ha™) Crop Yield (Mg ha™)
2015 NC - NC - Com 159
2016 Com 137 Soy 58 Soy 50
2017 Soy 53 Com 152 Wheat/Soy 66137
2018 Com 170 Soy 58 Com 166
2019 Soy 56 Com 139 Soy 50
2020 Com 136 Soy 54 Wheat/Soy 6213
2021 Soy | 54 Com 143 Com 151
2022 Com i 149 Soy 55 Soy 57
| 2023 Soy 56 Com 146 Wheat/Soy 7.1/24

Note: NC = No crop.

T
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Biomass (Mg ha™)

Cereal rye biomass and Biomass N

Biomass N (%)

Biomass N (kg ha™)

2015-2016

2018-2019

2021-2022

137

5.94

238

170

077

119

235

457

284
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Water system N,O concentration

Tile drainage water ‘ 372 (4.0-778.2)" ‘
Stream water ‘ 18.23 (8.4-33.1)" ‘
Spring water ‘ 36.08 (93-67.1)" ‘

"Mean (range of value) for 12 samples.
Wilsan {rangn-of vabes) for:3 sxmpiles;
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Year Management practices

2000 Red clover

Oct. 2 - Fall application of solid manure treatment at a rate to
supply 120 kg N ha™

Oct. 16 - Incorporation of manure and plow down of red clover
crop

2001 Potato

May 16 - Spring application and incorporation of ammonium
nitrate, liquid manure, and solid manure treatments at a rate to
supply 120 kg N ha™*

May 21 - Planting of potato crop

Oct 10 - Harvesting of potato crop

2002 Barley

May 28 - Planting of barley under-sceded with red clover
May 28 - Application and incorporation of ammonium nitrate
at 40 kg N ha™!

Sept. 4 - Harvest of barley crop

2003 Red clover

July 9 - Red clover Ist cut

Oct. 2 - Fall application of solid manure treatment at a rate to
supply 120 kg N ha™!

Oct. 16 - Incorporation of manure and plow down of red clover
crop

Oct. 31 - Herbicide (Transorb @ 3 L ha™") application

2004 Potato
May 17 - Spring application of ammonium nitrate, liquid

manure, and solid manure treatments at a rate to supply
120 kg N ha™!
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Mean temperature (°C) tal precipitation (mm

2001 Growing | 154 304
Non-Growing ‘ -24 531
2002 Growing ‘ 135 643
Non-Growing ‘ 22 746
2003 Growing | 147 503
Non-Growing -33 380
2004 Growing 139 363
Non-Growing 33 470
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NO surface flux N2O dissolved in Drainage as NO; dissolved in drainage water

drainage water % of total
N,O loss
| (kg N ha™")
Potato 046 (0.16-1.16)
‘Winter 2002 0.54 (0.01-1.82)" 54% 16.9 (1.0-29.3)
Barley 0.15 (0.09-0.23)
‘Winter 2003 1.73 (0.02-5.69) 82% 4.5 (0.14-12.6)
Red Clover 037 (0.18-0.48) [ |
\
Winter 2004 023 (0.02-042) 38% 48 (0.26-11.1)
NH4NO3 manure ring solid manure
‘ (kg N ha™
‘ Potato
Winter 2002 \ 030 (0.17-0.53) 025 (0.01-0.67) 097 (0.01-1.82) 063 (0.06-1.3)
‘ Barley
Winter 2003 |17 22213 0.96 (0.02-1.47) 132 (0.13-234) 3.00 (0.54-5.69)
‘ Red Clover
Winter 2004 ‘ 019 (0.11-0.24) 0.19 (0.01-0.31) 027 (0.03-42) 0.26 (0.10-0.41)

"Mean (range of value) for 12 plots.
e (rses of v ¢ % terBcatinis
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3)Lanna samples in March 2014 b)Lanna sampled in March 2015
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Depth (cm) Fotegéarden

30-60
Ca-AL (mg ll)l)g") 93 164 | 411 257 266 230
P-AL (mg 100g”) 148 22 43 3| ns | 19.1
Al-AL 884 21 41 25 338 333
Fe-AL 198 116 95 wa s 172
K-AL 4 13 29 107 139 187
pH 67 73 75 6 o 67
CEC (cmol kg™) 19 2 19 73 14 23
Base saturation (%) 88 93 94 o 48 80
Clay (%) 45 55 56 45 27
silt (%) 42 51 5 s 48
Sand (%) 10 N s 89 91
SOM (%) 29 04| 54 26| 09
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Manure type

Time for application

Mineral fertiliz

x x No manure 40 kg N ha™!
x x No manure 80 kg N ha™*
x x Low C/N-ratio Early autumn (1 October*) 0 kg N ha™*
x Deep litter Early autumn (1 October') 40 kg N ha!
x x Low C/N-ratio Late autumn (25 November') 40 kg N ha™*
x Deep litter Late autumn (25 November') 40 kg N ha™*
x Low C/N-ratio spring (25 March®) 40 kg N ha™!
x Deep ltter | spring (25 March®) 40 kg N ha™*
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Application time  Mineral fertilizer kg N ha  Silty clay Loamy sand

2014 2014 2015
No 3282 B 3008 C 40 A 6290 A
No [ 4384 A T sa06 | A | 6ass A
CIN 10 October 441 A 3951 B 4669 | A | 7156 | A
N 18 | October | | T 71 | a0 A 7 A
N0 November [ 3,619 B 3360 | C lasms | A | 7561 :A
CIN 18 November | [ Cami A e A
CIN 10 spring | 4644 | A | 7068 | A
CIN 18 spring a7 | A | exs | A
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N Leaching

year 1 95% conf

kg Nha kg Nha™*

sandy loam 30-sep 20 500 45
sandy loam okt 20 456 s
sandy loam 15-nov 20 396 44
sandy loam odee | s 43
sandy loam 14-mar 20 366 43
sandy loam | 30-sep s 567 | 50
sandy loam okt 13 506 48
sandy loam 15-nov 13 416 45
sandy loam 30-dec 13 385 44
sandy loam 14-mar 13 368 43
clay 30-sep 13 146 18
clay 14-0kt 13 127 16
7 clay lsnov 13 102 15
clay | 0ndec 13 95 14
clay 14-mar 13 9.1 14
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From animal Sow Heifer
Dry matter, % 20 2
ot N, kg ton™! 1 80 48
NH,-N, kg ton™! 19 07
C/N-ratio 10 18
Total p, kg ton™ 24 | 12
» Total K, kg ton™" | 7.0 | 94
Total Mg, kg ton™! | 15 13
Total Ca, kg ton™ 0 42
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NO3z-N + NO>-N DIN Water Tem|

Winter
January
RES 0028 188 190 | 0028 198 0027 016 | 1195 1L17 12 119 11 60
URE 0026 196 198 | 0022 | 207 0026 017 | 1419 1004 | 12 93 100 59
February
RES 0025 180 183 0028 186 0025 016 1269 1334 12 144 122 63
URE 0020 180 182 | 0029 | 192 | 0029 | 017 1248 106 | 12 118 98 66
March
RES 0026 185 188 0031 194 0045 018 | 1306 1204 12 167 124 66
URE 0022 190 193 | 0036 | 198 0051 019 1225 1021 11 159 110 66
Summer
June
RES = 0034 178 181 | 0046 197 0059 021 1147 1032 | 10 215 118 66
URE | 0032 207 210 | 0041 | 210 0060 | 0.8 1179 893 10 217 114 67
Early July
RES 0033 166 169 | 0051 187 0079 025 1109 1095 9 24 131 65
URE 0032 197 200 0035 190 0069 019 1176 843 9 22 116 66
Late July
RES 0036 176 180 | 0050 188 0071 018 1089 812 9 235 123 69

URE | 0042 1.81 186 | 0055 | 205 0076 024 1166 9.73 9 28 120 67
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NETUVETY February March June Early July Late July
| SRP
POOL 1 b b b a 9 a
Step pool begins POOL A a 1 a a a a
POOL B a 3 a 15 a a
POOL C a 6 1 a 3 3
POOL D a 1 a 2 3
Step pool ends POOL E 6 9 10 4 a a
POOL 2 18 a 9 a a
POOL 3 7 a 1 a 33
NHsN
POOL 1 b b b 2 66 a
Step pool begins POOL A a a a a a 92
POOL B a 9 31 a a a
POOL C a a 36 67 67 a
POOL D a 12 4 10 a 16
Step pool ends POOL E 2 4 4 a a 19
POOL 2 21 12 a 65 67 a
POOL 3 6 a 2 35 52 a
NO5-N + NO,-N
POOL 1 b b b a 52 a
Step pool begins POOL A a a a a a a
POOL B a 67 a a a a
POOL C a a a a a a
POOL D a a a a a
Step pool ends POOL E 6 a 2 a a a
POOL 2 32 39 a a a a
POOL 3 3 15 a a a a

a Value not reported and excluded from analyses because a decrease in nutrient concentration was not observed.

b

\ated the first site because the samples were too close to the injection site and caused dilution.
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January February March June arly July Late July

| SRP
' RES 31 a a 36 a a

URE 55 a a a 29 a
\ NH,-N
I RES 2 a 2 43 34 a

URE 23 a a 04 a a
‘ NO3-N + NO»N

RES 7 a a a a a

URE a 38 a a a a

a Value not reported and excluded from analyses because a decrease in nutrient concentration was not observed.
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NOs-N + NO,-N

Ke \ p-value
January
RES | 248 000009 | 0.00002 0.0009 310 00001 | 0.00002 0.006 1951 000001 | 0.000003 076
URE 32 0.001 0.0003 0.004 47 00009 | 0.0002 0.008 a a a a
February
RES a a a a a a a a a a a a
URE a a a a 429 00001 | 0.00002 0.393 89 00007 00001 0.09
March
RES a a a a 779 00001 | 0.00001 0733 a a a a
URE | 1140 | 000003  0.00001 072 218 00001 0.00003 0.656 a a a a
June
RES 77 00004 0.00005 0.000026 75 00004 | 0.0005 015 a a a a
URE | 3059 | 000001  0.000003 0.74 a a a a a a a a
Early July
RES a a a a 102 00003 | 0.00003 012 a a a a
URE | 253 00004 0.00008 0.09 a a a a a a a a
Late July
RES a a a a a a a a a a a a
URE a a a a a a a a a a a a

a Value not reported and excluded from analyses because a decrease in nutrient concentration was not observed.
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Goodness of

parameter Tributary 1 Tributary 2 Tributary 3

NSE (Equation 1) \ 0.6 ‘ 08 08
RSR (Equation 2) ‘ 07 ‘ 05 05 05
PBIAS (Equation 3) ‘ 25 ‘ 004 -20 | -14
RMSE (mg/L) (Equation 4) ‘ 21 ‘ 11 13 13
RMSE (mg/L) (Equation 4) ‘ 9 ‘ 19 21 15
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Resolution
Watershed (m)

characteristic

Topography | Area 7.2 km? ‘ Province of PEI (2008) 10
Elevation Average 3.7 MASL (Minimum 6 MASL, Maximum 59 MASL) J
Slope ‘ 0%-10% |
Land use 43% forest, 44% cropland, 7% shrubland, 3% wetland, 1% grassland, 1% barren, 1% | Annual Crop Inventory (ACI) 30
transportation (AAFC, 2021)
Dominant soil type | Charlottetown series, USDA-SCS class C, Slope phase: 2%-5%, Dominant surface | The National Soil Database (AAEC, 5
texture: sandy loam (<8% clay) 2022)
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GS nitrate loading rate (kg N/ NGS nitrate loading rate (kg N/ Annual nitrate loading rate (kg N/

ha/yr.) ha/yr.) ha/yr.)
SW LE GW Total SW LF GW Total SW LF GW Total
Potato 0007 0684 | 148 155 0001 0154 312 313 0008 | 0838 | 460 468
Cereal 0003 0232 | 156 159 0001 0104 | 147 148 0005 | 036 | 304 307
Red clover 0001 0058 63 64 Coos o3| 126 129 006 o1 189 193
Pasture 0003 0059 15 15 0001 0058 | 18 18 0004 | 0m7 | 32 34
Soybean 0000 0052 | 100 100 Coosoms | 105 108 oots ox 25 209
Comn 0009 0561 158 164 0007 0162 | 157 158 0016 0723 | 315 322
. Ag Toms oa s 90 0010 0478 | 119 124 0037 | 0904 | 204 214
Forestry 0004 0031 12 12 0002 0070 | 16 17 0006 0101 | 28 29
Wetland 0020 0013 10 10 Coms oo 10 11 00 oo 20 21
Urban 0035 0260 217 20 ooy o | 172 176 0o o e 96
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Streamflow

Baseflow

N loading

calibration

| 065

174

validation

calibration

‘ 061

‘ 056

110

8.6

validation
calibration

validation

‘ 068
‘ 071

‘ 0.68
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Crop Parameter CNYLD PLTNFR_1 PLTNFR
Red clover adjusted 0025 0025 0025
default 006 0065 0028 0.024
Barley adjusted oo 0059 00226 0013
default | oom 0059 00226 0013
Soybean adjusted | 000 0,030 003 0.030
default 0065 L os 0265 0258
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Type of contamination source 2000 Year 10 Year 2020 Year

Value (t/a) Percentage Value (t/a) Percentage Value (t/a) Percentage

Fertilizer application 694,647 54.66% 693,685 60.52% 612,922 66.09%
Straw return to fields 5351 ‘ 0.42% 7,886 0.69% 7,557 081%
Livestock breeding 390,267 ‘ 30.71% 332272 28.99% 227,784 24.56%

Rural life 1805578 ‘ 14.21% 112,305 9.80% 79,105 853% J
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Source list

Value (t/a)

Percentage

2000 Year

2010 Year

2020 Year

Value (t/a) Percentage
574,550 67.24%
483,227 64.93%
396274 65.37%

274,445
149,293

120251

64.32%

62.70%

62.43%
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TN loss TN base loss

coefficient (%) (kg/ha)
5 Northern Plateau Mountain Region - Gentle Slope - Terraced Fields - Arid Land - Single 0120 0210
Cropping of Large Fields
i Northern Plateau Mountain Region - Steep Slope - Terraced Fields - Arid Land - Garden Plot 0220 0990
12 Northern Plateau Mountain Region - Stecp Slope - Terraced Fields - Arid Land - Single 0.105 0120
Cropping of Large Fields
18 Northeast Semi-humid Plain Region - Flat Land - Arid Land - Single Cropping of Large Fields 0.180 0315
23 Huang-Huai-Hai Semi-humid Plain Region - Flat Land - Arid Land - Single Cropping of Large 0563 3315
Fields
2 Huang-Huai-Hai Semi-humid Plain Region - Flat Land - Arid Land - Double or More 0.950 6315

Croppings of Large Fields

0 Southern Mountainous and Hilly Region - Gentle Slope - Terraced Fields - Arid Land - Double 1270 14.865
or More Croppings of Large Fields

46 Southern Mountainous and Hilly Region - Steep Slope - Terraced Fields - Arid Land - Double 0333 1605
or More Croppings of Large Fields

52 Southern Mountainous and Hilly Region - Steep Slope - Terraced Fields - Paddy Fields - Rice- 0519 15.690
Wheat Rotation

57 Southern Mountainous and Hilly Region - Gentle Slope - Terraced Fields - Paddy Fields - Rice- 0577 15.000
Wheat Rotation
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/1) C; (kg/t) Fi (%) Fi (kg/t)

0.97 0.82 71 795
| 134 | 0.54 81 724
123 0.89 75 1095
072 1.97 2 1418
153 0.89 18 1362
282 0.85 9 2397
214 1.03 24 2204
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LULC

load_n(kg/pixel)  efi

 Famland IN load s

‘7 Forest land 29 Coos 280
‘ Meadow 1 ‘ 078 160
‘ Water area 13 ‘ 006 17
‘ Unused land 15 ‘ 002 2
‘ Construction land 14 ‘ 004 17
 Wetlnd 9 ‘ 002 1
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Name

DEM

LULC

Meteorological data

Agricultural area data

Administrative boundary

Statistical data

Detailed data

30 m resolution

30 m resolution, LULC details for 2000, 2010 and 2020

Average annual rainfall data

Data of China's nine major agricultural regionalization, China’s
agricultural maturing regionalization and China’s nine major river
basins

Beijing, Tianjin, Hebei, Henan, Shandong within the scope of
47 municipalities

Arable land area, nitrogen and compound fertilizer yield, crop yield,
livestock breeding and rural population

Source

Geospatial Data Cloud
https://www.gscloud.cn/

Resources and Environmental Science and Data Center
hitps://www.resdc.cn/

Resources and Environmental Science and Data Center
https://www.resdc.cn/

Resources and Environmental Science and Data Center
https://www.resdc.cn/

Resources and Environmental Science and Data Center
https://www.resdc.cn/

Statistical Yearbook of China and provinces
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Testing — Nitrate-nitrogen (NO3-

Testing — Chloride (Cl")

R?  RMSE (m MAE (mg ~ MAPE R®  RMSE 2 MAE  MAPE
NOj3-N/L) NO;3-N/L) (%) mg/l)  (mg/l)  (mg/L (%)
Base 0.96 0.83 0.68 0.60 17.1 0.98 551 31.08 373 837
scenario

Scenario 1 | 0.96 085 073 0.62 17.3 098 A% 3374 396 8.84
Scenario 2 0.96 0.87 | 0.75 0.62 17.7 0.98 5.16 2622 325 725
Scenario 3 0.96 0.82 0.66 059 157 097 6.88 I 4842 483 10.31
Scenario 4 0.96 0.83 | 0.70 0.58 16.5 0.98 591 | 3554 391 858
Scenario 5 0.96 0.79 T 0.62 | 0.60 17.2 0.98 5.56 3161 385 854
Scenario 6 | 0.96 0.87 | 0.77 | 063 183 0.98 5.48 | 3057 [ 3.56 796
Scenario 7 0.96 0.83 0.70 | 0.62 17.6 0.98 | 574 33.64 4.02 891
Scenario 8 094 1.02 1.04 | 072 209 097 741 55.65 [ 497 10.56
Scenario 9 0.96 0.82 0.67 0.60 w2 0.98 553 3123 383 861
Scenario 10 | 0.96 0.83 | 0.70 | 0.66 193 0.98 6.33 | 4095 496 1115
Scenario 11 [ 0.95 091 0.83 | 0.68 20.1 I 0.98 | 5.60 i 3185 385 845
Scenario 12 | 0.94 [ 1.07 i 1.14 | 0.77 a3 097 | 7.53 | 57.98 [ 498 10.83
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Testing

MAE MAPE  R?
g/L) (%)

Linear regression 098 £ 60.10 517 117 0.66 3847 1473 11.95 287

Regression trees 099 5.10 26.04 i 7.2 098 6.16 38.80 447 98

Support vector 099 5.30 28.28 3.02 72 0.96 9.67 95.66 595 128
machine

Gaussian process 099 0.44 0.19 0.26 07 098 551 31.08 an 84
regression

Artificial neural 099 578 33.41 471 23 0.97 7.86 61.78 523 116
network

Ensemble bagged trees = 0.99 6.02 36.5 3.90 9.2 0.98 574 3225 483 109

Ensemble boosted 099 414 13.62 283 6.1 098 6.72 38.96 496 10.3

trees
Random forest 099 an 9.84 201 4.8 098 451 20.80 361 84






OPS/images/fenvs-13-1543852/inline_251.gif





OPS/images/fenvs-13-1557004/math_3.gif
In(C,)

+ P+ P InQ+ P osin(2at) + P, cos(2mt) +&  (3)





OPS/images/fenvs-13-1543852/fenvs-13-1543852-t004.jpg
Training Testing

R? 2 MAE (mg MAPE R?> RMSE (mg o2 (mg MAE (mg  MAPE
NO3z-N/L) NO3-N/L) (%) NO3-N/L)  NO3-N/L)  NO3-N/L) (%)
Linear 092 133 178 110 382 054 446 1978 169 484
regression
Regression 0.7 082 068 061 185 092 127 161 095 28.1
trees
Support vector  0.97 091 083 056 206 089 141 195 1.04 285
machine
Gaussian | 099 030 008 021 78 096 083 068 060 171
process
regression
Artifical 096 126 159 098 346 093 184 339 157 438
neural network
Ensemble  0.96 103 107 082 304 095 291 846 136 403
bagged trees
Ensemble 0.99 0.51 024 0.40 115 0.96 0.90 072 0.71 179
boosted trees
Random forest  0.98 054 030 042 153 097 078 0.61 060 17.1

“ The evaluation metrics are the coefficient of determination (R?), root mean square error (RMSE), variance of errors (o%), mean absolute error (MAE), and mean absolute percentage
error (M APE).
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Scenario ID

Base scenario

)

‘Temperature, DO, EC, pH, ORP, surface flow, 24-h precipitation, location of sampling site (main or
tributary), crop cover

Scenario 1 DO, EC, pH, ORP, surface flow, 24-h precipitation, location of sampling site (main or tributary), crop
cover
Scenario 2 ‘Temperature, EC, pH, ORP, surface flow, 24-h precipitation, location of sampling site (main or tributary),
crop cover
Scenario 3 ‘Temperature, DO, pH, ORP, surface flow, 24-h precipitation, location of sampling site (main or tributary),
crop cover
Scenario 4 Temperature, DO, EC, ORP, surface flow, 24-h precipitation, location of sampling site (main or tributary),
crop cover
Scenario 5 Temperature, DO, EC, pH, surface flow, 24-h precipitation, location of sampling site (main or tributary),
crop cover
Scenario 6 Temperature, DO, EC, pH, ORP, 24-h precipitation, location of sampling site (main or tributary), crop.
cover
Scenario 7 Temperature, DO, EC, pH, ORP, surface flow, location of sampling site (main or tributary), crop cover
Scenario 8 Temperature, DO, EC, pH, ORP, surface flow, 24-h precipitation, crop cover
Scenario 9 Temperature, DO, EC, pH, ORP, surface flow, 24-h precipitation, location of sampling site (main or
tributary)
Scenario 10 Surface flow, 24-h precipitation, location of sampling site (main or tributary), crop cover
Scenario 11 Temperature, DO, EC, pH, ORP, location of sampling site (main or tributary), crop cover
Scenario 12 Temperature, DO, EC, pH, ORP, surface flow, 24-h precipitation

DO: Dissolved oxygen.
EC: Blectrical conductivity.
ORP: Oxidation-reduction potential.
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meter (Unit) Min X o Cy (%)
DO (mg/L) 77 217 133 30 27 056
Temperature (‘C) [ 0 | 225 | 9.0 | 65 | 729 056
EC (uS/em) 281 1464 540 159 294 158
ORP (mV) | -173 166 | 02 | 689 | 1513 -098
PH () 7.03 869 801 029 36 -036
Daily average surface flow (m'/s) 0017 | 277 | 26 49 [ 1881 363
24-h precipitation (mm) 0 212 37 60 1638 194
Nitrate-nitrogen (mg NO;-N/L) | 085 | 78 [ 41 [ 16 [ 391 0.8
Chloride (mg/L) 212 875 454 53 338 081

* X ain: Minimum, Xase : Maximum, X: Average, o: Standard deviation, C;

n, and Cs: coefficient of skewness.
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Category definition

Input/output
variables

Main parameters in the group

Data sources

Hydrological and
meteorological conditions

Input variables

© Average daily surface flow
© 24-h precipitation prior to the sampling
time

Weather station (i.e., Brantford Airport) and Environment
Canada
ECCC (2021)

Field conditions

Input variables

® Location of sampling site (i.e., main
channel or tributary site)
® Crop cover
o Corn
o Soybeans

o Pasture

Field observations and remote sensing (i, Agriculture and Agri-
Food Canada -Annual Crop Inventory)
AAEC (2023)

Physico-chemical water
parameters

Input variables

 Temperature
o pH

@ Dissolved oxygen

© Oxidation-reduction potential
© Electrical conductivity

On-site field measurements

Water quality parameters

Output variables

© Nitrate-nitrogen concentration in surface
‘water
@ Chloride concentration in surface water

Field sampling and laboratory analysis
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SW.

Metrics LI WRTDS.

GS Median 472 452 451 443
Mean [ 557 + 293 514 £ 288 538 + 365 537 & 341
Range 148-1,912 99-2,048 163-5,838 178-4,183
| NGS Median [ 951 850 770 833
Mean 1,002 £ 419 894 + 488 1,077 + 1,178 1,126 + 1,146
Range [ 266-2,084 | 18-3,149 231-15,383 242-14,702
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Metrics  LOADEST  SWAT 1] WRTDS_K

Median ‘ 684 624 ‘ 559 ‘ 605 ‘
Mean ‘ 778 + 424 703 + 443 ‘ 806 + 910 ‘ 829 £ 892 ‘
Range ‘ 148-2,083 17-3,149 ‘ 163-15,383 ‘ 178-14,702 ‘
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Winter Summer

NETVETY February Early July Late July

RES 1/14/2022 2/26/2022 3/6/2022 62112022 71212022 7125/2022
Time 229 pm. 314 pm. 12:49 pm. 11:34 am. 1124 am. 10:49 am.
Atm. temp (‘C) | 13 13 [ 2 29 26 30
Dew point -1 3 15 16 [ 21 23

| Humidity (%) 39 51 67 45 73 71
Wind speed (km/h) 21 06 29 1 05 14
Pressure (Pa) 14 15 15 15 15 15
Precipitation (mm) 0 0 0 0 0 0
Condition | Fair Fair Cloudy Fair Fair Fair
TNTP 72:1 74:1 431 341 24:1 27:1
URE 1/28/2022 2/20/2022 s emanon 7/15/2022 712112022
Time 11:49 am 539 pm. 2:09 pm. novam 10:19 am. 11:53 am.
Atm. temp (‘C) 6 12 24 31 29 27
Dew point -2 -8 2 16 19 21
Humidity (%) | 55 25 2 | 40 56 I 70
‘Wind speed (km/h) | 21 13 42 29 [ 05 [ 26
Pressure (Pa) 15 15 15 15 15 14
Precipitation (mm) 0 0 [ 0 0 [ 0 [ 0
Condition Cloudy Fair Fair Fair Fair Fair
TNTP 791 67:1 39:1 351 28:1 27:1
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Winter precipitation (mm) Summer precipitation (mm)

County January February March Mean June July Mean

Greenville data |oam9s23 36+27

Historic Greenville data 104 £ 12 115 £ 3.0
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Width (

Velocity (m/s)

Winter
January
RES 16 27 0024 0013
URE 21 18 0053 0013
February
RES 19 27 0018 0.003
URE 12 18 0.064 0012
March
RES 20 27 0.054 0.002
URE 23 18 0.030 0.003
Summer
June
RES 19 27 0.040 0.003
URE 23 18 0.039 0.005
Early July
RES 19 24 0.034 0.002
URE 8 20 0122 0.003
Late July
RES 19 24 0.056 0.002
URE 8 26 0.090 0.003
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RES POOL 1 8
Step pool begins POOL A 6
POOL B 4
POOL C 5
POOL D 5
Step pool ends POOL E 5
POOL 2 14

POOL 3

12






OPS/images/fenvs-13-1543852/inline_102.gif
NO.





OPS/images/fenvs-13-1543852/inline_257.gif
NO.





OPS/images/fenvs-13-1549218/fenvs-13-1549218-g005.gif





OPS/images/fenvs-13-1543852/inline_101.gif





OPS/images/fenvs-13-1543852/inline_256.gif
NO.





OPS/images/fenvs-13-1549218/fenvs-13-1549218-g004.gif
0 A Yoo,





OPS/images/fenvs-13-1543852/inline_100.gif





OPS/images/fenvs-13-1543852/inline_255.gif





OPS/images/fenvs-13-1549218/fenvs-13-1549218-g003.gif
Rt e
x333BEE

T s | o[ e | 2
= e[ G
. Bl B
y i = - T 0
B o S Sl i =
T I e






OPS/images/fenvs-13-1543852/inline_10.gif





OPS/images/fenvs-13-1543852/inline_254.gif





OPS/images/fenvs-13-1549218/fenvs-13-1549218-g002.gif





OPS/images/fenvs-13-1543852/inline_253.gif
NO.





OPS/images/fenvs-13-1549218/fenvs-13-1549218-g001.gif





OPS/images/fenvs-13-1549218/crossmark.jpg
©

|





OPS/images/fenvs-13-1543852/inline_139.gif
NO.





OPS/images/fenvs-13-1543852/inline_138.gif
NO.





OPS/images/fenvs-13-1543852/inline_137.gif
NO.





OPS/images/fenvs-13-1543852/inline_136.gif





OPS/images/fenvs-13-1543852/inline_135.gif
NO.





OPS/images/fenvs-13-1543852/inline_134.gif
NO.





OPS/images/fenvs-13-1543852/inline_133.gif
NO.





OPS/images/fenvs-13-1543852/inline_132.gif
NO.





OPS/images/fenvs-13-1543852/inline_131.gif
NO.





OPS/images/fenvs-13-1543852/inline_140.gif
NO.





OPS/images/fenvs-13-1543852/inline_14.gif





OPS/images/fenvs-13-1543852/inline_13.gif
NO.





OPS/images/fenvs-13-1543852/inline_129.gif
NO.





OPS/images/fenvs-13-1543852/inline_32.gif
NO.





OPS/images/fenvs-13-1543852/inline_128.gif
NO.





OPS/images/fenvs-13-1543852/inline_31.gif
NO.





OPS/images/fenvs-13-1543852/inline_127.gif
NO.





OPS/images/fenvs-13-1543852/inline_30.gif
NO.





OPS/images/fenvs-13-1543852/inline_126.gif





OPS/images/fenvs-13-1543852/inline_3.gif





OPS/images/fenvs-13-1543852/inline_125.gif





OPS/images/fenvs-13-1543852/inline_29.gif
NO.





OPS/images/fenvs-13-1543852/inline_124.gif





OPS/images/fenvs-13-1543852/inline_28.gif
NO.





OPS/images/fenvs-13-1543852/inline_123.gif





OPS/images/fenvs-13-1543852/inline_274.gif





OPS/images/fenvs-13-1543852/inline_122.gif





OPS/images/fenvs-13-1543852/inline_273.gif
NO.





OPS/images/fenvs-13-1543852/inline_121.gif





OPS/images/fenvs-13-1543852/inline_272.gif





OPS/images/fenvs-13-1543852/inline_130.gif
NO.





