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Rapid assessment of soil phosphorus loss risk and its spatial uncertainty in county

areas of the Yangtze River Delta Plain
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Abstract: Phosphorus is a key limiting factor for the eutrophication of water bodies. The phosphorus migrating from
farmland soils is commonly recognized as the main source of phosphorus in water bodies. Therefore, a better understanding
of the loss risk and its spatial uncertainty of soil phosphorus are important for the decision maker to regulate the loss of soil
phosphorus at the local and regional scale. In this study, a total of 259 farmland topsoil samples (0—20 c¢m) was collected
from the Jintan District, Changzhou City, Jiangsu Province, for the analysis of soil total phosphorus contents. Apart from
soil total phosphorus, we introduced other environmental factors, such as the distance from receiving water body, phosphate
fertilizer application rate, and surface runoff potential , into the assessment of the loss risk of soil phosphorus. Furthermore,

the prediction of risk indices based on limited samples inevitably has certain spatial uncertainty. Here, a rapid phosphorus
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index ( RPI) assessment model was firstly constructed based on the multiple environmental factors introduced above. And
then, the robust geostatistical methods were applied for identifying possible spatial outliers of soil phosphorus data, and the
sequential Gaussian simulation (SGS) model with the dataset being removed the spatial outliers was used to simulate the
possible spatial distribution pattern of soil total phosphorus. Finally, multiple equiprobable realizations of soil total
phosphorus and related environmental factors were input into the RPI model to evaluate the risk of soil phosphorus loss and
represent associated spatial uncertainty. The results showed that the high-risk areas of soil phosphorus loss were mainly
located in the eastern and middle parts of the Jintan District, which were similar with the high-value areas of soil total
phosphorus. The dryland soil total phosphorus located in the mid-west of the study area was relatively low, while the loss
risk of soil phosphorus was still at a high level. Such spatial distribution patterns of soil phosphorus loss risk were mainly
caused by agricultural inputs. Moreover, the environment factors (i.e., the distance from receiving water body, surface
runoff potential, etc.) in these areas were also favorable for soil phosphorus loss. The areas with high level risk of soil
phosphorus loss represented zonal distribution along the rivers in the study area. The highest risk area with RPI value
exceeding 1.06 made up 24.94% of the study area, whereas the high-risk area ( RPI value from 0.93 to 1.05) was relatively
larger, accounting for an area percentage of 40.94%. Overall, the risk of soil phosphorus loss was high across the study
area. In the process of the uncertainty assessment, the critical threshold value was set to be 1.06 for identifying the highest
risk area. When the critical probabilities were set to be 0.50, 0.75, 0.85, and 0.95, respectively, the area exceeding the
critical threshold value accounted for 16.71% , 5.74% , 2.84% , and 1.04% of the total area of Jintan District. The critical
probability of rapid phosphorus index value exceeding the threshold value was greater than 85% in the north area, and
around the Taohu Lake. We introduced environmental factors (the distance from receiving water body, phosphate fertilizer
application rate, surface runoff potential) to assess the soil phosphorus loss, which can assess the spatial uncertainty of soil
phosphorus loss at a county scale quickly. The knowledge of spatial uncertainty is helpful for the decision maker to delimit

the critical source areas and regulate the regional soil phosphorus loss.

Key Words: soil phosphorus; robust geostatistical methods; sequential Gaussian simulation; loss risk; critical source

areas; spatial uncertainty
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Fig.1 Map of study area, land-use types, and soil sampling sites in Jintan District
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Table 1 The surface runoff coefficient for different land use types!*]

A HRAR L FREL SRS HFRAR I FEL
Land use types Surface runoff coefficient Land use types Surface runoff coefficient
7K Hl Paddy field 0.55 [l 1. Orchard 0.52

4 Dry farmland 0.57 AL Urban land 0.90

FRH Woodland 0.48
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2558 BH ¢ AL
1.8 HdEab
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2 #R5iTig

2.1 HIELBEAHARTEST

S DXANTA] - bR FH S 7Y (BIZK T 52 MRl T 1) N I s R A PG R L3R 2, SR XOKH £
HABENT 0.19—2.97 g/kg, HIEHR 0.74 ¢/kg; FHb LN T 0.27—0.98 g/keg, HI{EH 0.59 g/ke,
SEIRXEIZE(0—20 em) HHELBFIE A 0.67 g/kg, B T4 R H 6 A AT BEZ IR S0 5 2(0.50 ¢/
kg) , 2 W X Salofe KB AR At R 3 e mi e R B 7 A — R AR AR S R B RN S e X s
SR M2 I | R R AR TR 7 2045 28 B MR 0 0 A AR S A0 REEL S ARHIFgE rhoK I SR Ho At FH
F) - ST A 2 ) 728 S R K 52.24% 30.51% F1 43.24% , 5 W1 43 37 X 1 S8 A B 2 Ak 52 PN BB PR 25 F AR
PR 2% B LRIV T, A7 7 v A B A AR S 0

x2 SEEXAFRIHFAXETIESBERRESITE

Table 2 Descriptive statistics of soil total phosphorus for different land use types in Jintan District

b A A AL e/ M [ ON[! FE{E b 22 5 R R
Land use types Counts Minimum Maximum Mean SD CV/%
2T/ (o/ke) JKH 181 0.19 2.97 0.74 0.39 52.24
Total phosphorus B 50 0.27 0.98 0.59 0.18 30.51
Hoft 28 0.18 0.87 0.37 0.16 43.24
it 259 0.18 2.97 0.67 0.35 51.47

2.2 Ry ZM SO T I ARG Ty 25 10 25 [B) B (R 1) 7 1k
T IR B DU R T 22 A SHOLER 3, 5150 Matheron Al THXF F Rl AT, =R g 1
Pl , BB EIET Matheron Attt X AT G8 2 A% 48 52 55 °F J5 22 BRZL Matheron fli 115 v " (h) 23 T2
S5 B AR NG AR BT LAY S S b BB BB, 1T BB & Al S0 g0 O 25 R AU
PUFpJy 2638 ARG S SE it SSPE (x,) M AIEILER 4, 1258/ Matheron flii 11531 SSPE(x,)
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Table 3 The semi-variogram model parameters of log-transformed soil total phosphorus data estimated by four estimators of variograms

e ﬂﬁﬁ%ﬁﬁfr. Hom Pegx %‘éﬁ ﬁ%%?é&ﬁ( s
Soil property Estlr'nat()rs of Model Nu%fgct ?111 ‘ Nu%gct c?efﬁ?lcnt Range/km
variograms Cy Cy+C Cy/(Cy+C) a
A (R Matheron ER R 0.1081 0.18 0.61 5.00
Total phosphorus Genton 0.0943 0.16 0.58 6.00
( Log-transformed ) Cressie-Hawkins 0.0914 0.17 0.54 7.00
Dowd 0.0738 0.15 0.49 8.50
R4 ETOMFFERBNXTXKEWHIGITE SSPE (x;) B L%
Table 4 The media values of SSPE(x;) from cross-validation based on four variogram models
Matheron Genton Cressie-Hawkins Dowd
SR IR 0.387 0.422 0.488 0.454

Log-transformed total phosphorus

2.3 BLRURE EEXT

W 5 FrRs, 52 AN EIE A + 348 R H SGS 1Y E-type A9 ME . RMSE DA K AHIE 280 r 23514 0.06 .
0.28 F10.68, 1% RSGS Y E-type ftiif ME RMSE 43 %4 0.03.0.21 1 0.80, RSGS Y E-type fiiit%& SGS
1 E-type fliiHAUAHR 42 =550 25% . U] RSGS BUALGE Y SGS A B i RYAALURS | PR fm 22 1) - 32 e 1)
25 ()RS Ja) | B 25 0 2 KU, LA B AN G PE TR 2R F RSGS B0 &5

&5 SGSHJ E-type 71 RSGS ) E-type {11425\ + 8 & B A UM 4% BE e £k
Table 5 Comparison of the prediction accuracy of soil total phosphorus using SGS (E-type) and RSGS ( E-type) models, respectively

R Jrik THRE B RS Pearson HCRE XTI
Soil property Method ME RMSE r RI/%
= SGS 0.06 0.28 0.68

Total phosphorus/ (g/kg) RSGS 0.03 0.21 0.80 25

2.4 HIEEBENASRI S0
K RSGS X 437 X A0 4 35 ol & i g 7 2s [ BE A LR, = A 1956 100 (a) .300(b) 500 (¢ ) AR LI 5K
LA E-type Al EANIE 2 fros . AR REEL S B 26 38 2l — AT BE A9 53 8] A B 2 | 3 BU R0 S 80 B o
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Fig.2 The 100th realization (a), 300th realization (b), 500th realization (c) and E-type estimate (d) of soil TP generated by RSGS
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Fig.3 Map of the 100th realization (a), 300th realization (b), 500th realization (c) and E-type estimate (d) of RPI
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Table 6 Classification and area ratio of RPI in Jintan District

- R e KU HE BU(E RPT 0.47—0.76 0.77—0.92 0.93—1.05 1.06—1.46
UK 55 4% Risk grade 1% BAR B =
AL LY Area ratio 8.04% 26.08% 40.94% 24.94%
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Fig.4 Level of soil phosphorus loss risk in Jintan District WXL mE

Fig.5 Probability map of RPI exceeding the threshold ( RPI=

1.06) in Jintan District
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Fig.6 The highest risk areas of soil phosphorus loss were defined according to the critical probability of 0.50(a), 0.75(b), 0.85(c¢) and

0.95(d) , respectively
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