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Land quality indictors based on “Press-State-Response” framework at catchment

for soil degradation by water erosion
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Abstract : Soil erosion is one of the most important land degradation in China. Land quality indicators based on “Press-State-
Response” framework can explore distinctively the reason and the results of land quality changes, which will help administrator
to adopt suitable land policy and management measures to rehabillitate degraded land and improve land quality. Respectively

taking cell (10m X 10m) and whole catchment as evaluation unit. Land quality indicators based on PSR framework for soil
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degradation by water erosion were build up at Da Nangou catchment, Shaanxi province, hilly area in Loess Plateu. In the
former land quality indicator (cell as evaluation unit), slope gradient is used as a press indicator, state indicators include soil
erosion intensity, soil fertility and vegetation cover, response indicator is the land use type. As for the latter (whole catchment
as evaluation unit), the press indicators include topography, cultivation, crop income and land use pattern; state indicators
include soil erosion intensity, soil fertility, vegetation cover and soil and water loss indicators at catchment exit; response
indicators include the proportion of the area of non-farmland (forest/shrub 4 grassland + fallow) to whole land and terrace
land to whole farmland. Land qulity status of the catchment were evaluated based on land use in the year of 1998 by the
application of model simulating and statistical analysis. Average slope gradient in the small catchment is 27. 85°, the maxium
gradient is 59. 39°, the average gradient for farmland is 24. 56°, the proportion of the area of farmland to whole land is 42. 8%
and the income proportion from crop is about 63%. We divide the land quality of the catchment into six grade and the pressure
evaluation is fifth; the average soil erosion intensity and the total erosion is respectively 36.39t/ha and 6.03t/ha at the
catchment exit. The average vegetation cover is 2.83%; the state grade is fourth; the area proportion of non-farmland to
whole land is 57. 2% and the terrace land to whole farmland is 4. 01 % , the response grade is also fourth. Spatial heterogeneity
of land quality at catchment is low, the fourth grade land occupied almost the percent 50 to the total catchment area. Land
quality is different among land use types. The order from high to low of land quality is respectively forest/shrub, grassland,
orach/economic forest, fallow and farmland. The results will provide some useful information for land planning in valley and
land quality comparision among different valleies.

Key words : PSR framework; land quality; soil erosion; indicators
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Table 1 Land quality indicators based on PSR framework for cell as evaluation unit and evaluation methods

. UQj= (UPj+USj+URD /3
Integrated score of land quality for cell as evaluation unit:UQj= (UP;+US;+UR;)/3
: Uj
Classfication of land quality for cell as evaluation unit.:Uj
1 [5.5.6 ;2 [4.5,5.5 )33 [3.5,4.5 )34 [2.5,3.5 )35 [1.5.2.5 D36 [1,1.5 DFirst class [5.5, 6 score];
Second class[4. 5, 5.5 score); Third class [3. 5. 4.5 score) ;Fourth class [2. 5, 3.5 score) ;Fifth class [1. 5, 2.5 score) ;Sixth class [1, 1.5

score)

1. cUPj= >1WUPij)/mp =UP1j
Integrated score of press indicator; UPj = Z WPrij)/mp =UP1j

1.1 UP1j: (G Score for slope gradient (degree) grade:
6 [0, 535 [5, 10°)3:4 [10, 15233 [15, 20°);32 [20, 25°);51 [25°, +00)

2. L USj = Z (USij)/ms = (US1j + US2; + US3;)/3 Integrated score of state indicator: US; =
D WUSijy/ms = (US1j + US2j + US3;)/3

2.1 US1j: (t/hm?) Score for soil erosion intensity (t/hm?) grade:

6 [0~2.5t/hm?);5 [2.5~10 t/hm?);4 [10~25 t/hm?);3 [25~100 t/hm?);2 [100~1000 t/hm?);1 [1000 t/hm?, 4o0)
2.2 US2j Soil fertility :US2j= (USOMj+USTNj+USTP})/3

USOM; : %) Score for organic matter grade:

1[0, 0.30%):2 [0.30%,0.60%)33 [0.60%,0.90%) ;4 [0.90%,1.10%);5 [1.10%,1.30%)36 [1.30%, +oo)
USTNj: %) Score for total nitrogen grade:

1[0.0.020%)32 [0.020%.0.035%)33 [0.035%,0.050% )34 [0.050%,0.065%)35 [0.065%,0.080% )36 [0.080% ., +c)
USTPj. %) Score for total phosphorus grade:

1[0.0.050%)32 [0.050%.0.055%)33 [0.055%,0.060% )34 [0.060%,0.065%)35 [0.065%,0.070%)3:6 [0.070% , +o)
2.3 US3j: %) Score for vegetation cover (%) grade:

1[0, 15%);2 [15%, 30%)33 [30%, 45% )34 [45% ., 60%);:5 [60% . 75%)36 [75% ., 100% ]

3. cURj = > (URij) /mr = UR1j

Score of response indicator: URj = Z (URij)/mr = UR1j

3.1 URIlj: Score for different land uses:
1. Farm land; 2. Fallow; 3. / Orchard/economic forest ;4. Grassland ;5. / Forest/shrub
2 1 , , 27.85 59.39 (39.46%),
. 25 61.78% ; 15 15.02%, 5
1.67%, s , s 1.87
2 (S2D]
Table 2 Area proportion of slope grade for different land uses at catchment (%)
1 1 score 2 2 score 3 3 score 4 4 score 5 5 score 6 6 score
Land use -
(>25°%) (21~25°) (16~20°) (11~15° (6~10°) (0~5%) Sum
/ Forest/shrub 70.26 12.82 9. 04 5.79 1.74 0.34 13. 37
/ Orchard/Economic forest 56. 40 14. 30 13.72 9. 07 5.47 1. 05 2. 44
Grassland 75.33 9.58 6. 38 5.05 2.52 1.14 41. 39
Fallow 54.13 14. 60 13.54 10. 76 4. 89 2.07 7.25
Farmland 44.75 16. 29 14. 27 13.14 8. 82 2.73 35.55
Sum 61.78 12. 88 10. 24 8. 54 4. 90 1.67 100. 00
3.1.2 N C D,

@ (US1) . LISEM .
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Table 3 Soil erosion of land uses at catchment
(t/hm?) (t/hm?) (t/hm?) (t/hm?) * %)
Land use Average value Min. Max. S.d. C.v. * Sample number
/ Forest/shrub 4.414 0.0153 1186 41. 87 948. 6 4711
/ Orchard/economic forest 32.84 0.1296 953.5 52. 04 158.5 860
Grassland 58. 74 0.0331 1861 110.5 188. 1 14586
Fallow 28. 05 0. 0909 1410 62. 45 222.6 2555
Farmland 24.33 0.0378 1084 43.94 180. 6 12525
Sum 36. 39 0.0153 1861 81.98 225.3 35237
* S.d.: Standard deviation; C.v. : Coefficient of variation
4 %
Table 4 Area proportion of soil erosion grade for different land uses at catchment (%)
6 6 score 5 5 score 4 4 score 3 3 score 2 2 score 1 1 score
Land use (0~2.5t/hm?) (2. 5~10t/hm?) (10~25t/hm?) (25~100t/hm?)(100~1000t/hm?) (>>1000t/hm?) Sum
/ Forest/Shrub 96.73 0. 66 0.53 0.98 1.04 0. 06 13.37
/ Orchard/economic forest 13.49 17. 67 25.47 38. 14 5.23 0. 00 2. 44
Grassland 18.51 7.08 17.32 43.59 13. 26 0. 24 41. 39
Fallow 36. 01 9.43 21.41 28. 85 4.19 0.12 7.25
Farmland 19.70 26.20 26.79 23.37 3.93 0.02 35.55
Sum 30. 54 13.45 18.93 29.50 7. 46 0.12 100. 00
5
Table 5 The value for soil fertility of land uses at catchement
) (G ) (G} 9%
Land use Average Min. Max. S.d. C.v. Sample number
/ Forest/shrub 3.23 2.33 4. 00 0.32 10. 04 4711
/ Orchard/economic forest 3.04 2.33 3. 67 0.21 6.99 860
Grassland 3.47 2.33 5.00 0.51 14.59 14586
Fallow 2.56 2. 00 3. 67 0. 38 14. 86 2555
Farmland 2. 49 1.67 3. 67 0. 38 15. 40 12525
Sum 3.02 1.67 5.00 0.62 20. 68 35237
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Table 6 Area proportion of soil fertility grade for different land uses at catchment (%)
1 2 3 4 5 6
First grade Second grade Third grade Fouth grade Fifth grade Sixth grade .
Land use 7 _ _ _ ~ Sum
[5.5, 6.0 [4.5,5.5 ) [3.5,4.5 ) [2.5,3.5 ) [1.5,2.5 [1,1.5 O
/ Forest/shrub 0. 00 0. 00 19.61 78.12 2.27 0. 00 13.37
/ Orchard/economic forest 0. 00 0. 00 0. 35 99.53 0.12 0. 00 2. 44
Grassland 0. 00 1. 62 55. 38 41. 95 1. 06 0. 00 41. 39
Fallow 0. 00 0. 00 0. 20 54. 29 45.52 0. 00 7.25
Farmland 0. 00 0. 00 0.02 45.19 54.79 0. 00 35. 55
Sum 0. 00 0. 67 25.58 50. 24 23.52 0. 00 100. 00
7
Table 7 The Vegetation cover of land use at catchment
(GZP) (GZD) (G79) 0 (GZP)
Land use Average Min. Max. S.d. C.v Sample number
/ Forest/shrub 59.11 41. 40 77.52 8. 201 13.87 4711
/ Orchard/economic forest 26.12 9. 47 44.51 8. 838 33.83 860
Grassland 26. 64 5.53 47. 56 9. 654 36. 24 14586
Fallow 14. 82 0. 001 33.02 8.236 55.56 2555
Farmland 17. 40 0. 001 39.17 9.752 56. 04 12525
Sum 26.83 0. 001 77.52 16. 42 61.2 35237
8 %)
Table 8 Area proportion of vegetation cover grade of land use at catchment( %;)
1 2 3 4 5 6
1 score 2 score 3 score 4 score 5 score 6 score .
Land use _ ’ Sum
[0, 15%) [15%, 30%) [30%, 45%) [45%. 60%) [60%. 75%) [75%, 100%]
/ Forest/shrub 0. 00 0. 00 3.44 48. 99 46. 34 1.23 13.37
/ Orchard/economic forest 13.02 54. 88 32.09 0. 00 0. 00 0. 00 2.44
Grassland 10. 39 51.49 36. 84 1.28 0. 00 0. 00 41. 39
Fallow 46. 85 50. 14 3. 01 0. 00 0. 00 0. 00 7.25
Farmland 45. 87 41. 09 13.05 0. 00 0. 00 0. 00 35.55
Sum 24. 32 40. 89 21. 35 7.08 6. 20 0.16 100. 00
@ 1 3.2 C 9, 2
1998 s 2 10 s 4 4
73.31%, o / , 2 4 4
3.1.3 s o 3 1998
s 3.90, 3 s / s s
H ’ s /
’ ) ’ 3 ’ ’
b ( 3) o

3.1. 4
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Table 9 State indicator value of land use at catchment

) ) ) (G (CZP)
Land use Average Min. Max. S.d. C.v. Sample number
/ Forest/shrub 4.53 2.67 5.33 0.28 6.27 4711
/ Orchard/economic forest 3.06 1. 89 4.11 0. 45 14. 54 860
Grassland 3. 17 1. 89 4. 89 0. 55 17. 26 14586
Fallow 2. 85 1.78 4.22 0.42 14. 64 2555
Farmland 2. 84 1.56 4.11 0. 45 15.91 12525
Sum 3.21 1.56 5.33 0.72 22. 44 35237
10 %)
Table 10 Area proportion of state grade for different land uses at catchment (%)
1 2 3 4 5 6
Land use First class Secon(} class T}iird class F01—1rth class Fifth class Sixth class um
[5.5,6.0 ] [4.5,5.5 ) [3.5,4.5 > [2.5,35 ) [1.5,2.5 ) [1,1.5 O
/ Forest/shrub 0. 00 55.04 43.83 1.13 0. 00 0. 00 13.37
/ Orchard/economic forest 0. 00 0. 00 17.33 73.95 8.72 0. 00 2. 44
Grassland 0. 00 0. 83 24.74 66.78 7.66 0.00 41. 39
Fallow 0. 00 0. 00 1. 88 74.72 23.41 0. 00 7.25
Farmland 0. 00 0.00 6.56 67.98 25. 46 0.00 35.55
Sum 0. 00 7.70 18. 99 59.18 14.13 0. 00 100. 00

Ll & Seale il Scale

SiHlm

[ %] Legend
5% 3D Fifth olass worse

A% HLE Fourth class bad

M Legend

- SR Filth class worse
45 B Fonrth class bad

1998 3 9 Third class moderate | 998
3% vh 4% Third class moderate 2O EEAT Second clnss good
5 ) 175 & First class beller
1 Sccond class pooed
2 1998 3 1998

Fig. 2 Distribution for state grade of land quality in Da Nangou Fig. 3 Distribution for response grade of land quality in Da Nangou

catchment in 1998 catchment in 1998

3.2
13, 1
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Table 11 Land quality value of different land uses for cell as evaluation unit at catchment
(G (G (G ) 9%
Land use Average Min. Max. S.d. C.v. Sample number
/ Forest/shrub 4.03 3.22 5.67 0. 36 8. 86 4711
/ Orchard/economic forest 3.01 2.30 4. 70 0.51 16. 98 860
Grassland 3.23 2.63 5. 26 0.45 14.01 14586
Fallow 2.63 1.93 4.19 0.53 20. 27 2555
Farmland 2. 39 1.52 4.04 0. 56 23.23 12525
Sum 2-99 1.52 5.67 0.74 24.71 35237
12 %
Table 12 Area proportion of land quality grade for different land uses at catchement (%))
1 2 3 4 5 6
First class Scond class Third class Fourth class Fifth class Sixth class
Land use ~ B _ Sum
[5.5.6.0 ] [4.5,5.5 ) [3.5,45 ) [2.5,35 ) [1.5,2.5 ) [1.1.5 )
/ Forest/shrub 0.21 13.56 85.74 0.49 0. 00 0. 00 13.37
/ Orchard/economic forest 0. 00 0. 81 17. 44 74.77 6.98 0. 00 2.44
Grassland 0. 00 2.52 16. 82 80. 66 0. 00 0. 00 41. 39
Fallow 0. 00 0. 00 7.55 36. 44 56. 01 0. 00 7.25
Farmland 0. 00 0. 00 3. 43 33. 96 62. 61 0.00 35. 55
Sum 0.03 2. 87 20. 62 49. 99 26.49 0. 00 100. 00
3.2.1
QD)
27.85°%, 42.8%, Lo
24.56°, 2 s
b o
b ‘:DD
, 1119
662  (63%), 214 (27%),
2 s s
9’ o
) Seale
1 1) 2.01 bl _ I
0 500 m 1
5 . £
{4 Legend 1998
(2) 14 , 1998 §TE I Fillh class worse
(0. 003 /hmZ) B Frarth class bad
S 30 e Third eliss moderale
(8.605 /hm?), 99.97%, 1 . FoL 2% 5T Second class good
:J: L35 B First closs hetter
9 9
o b
4 1998
45.59% . BT . L
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Table 13 Land quality indicators based on PSR framework for whole catchment as evaluation unit and evaluation methods

Integrated score of land quality for catchment as evaluation unit: TQ= (T'P+TS+TR)
Classfication of land quality for catchment as evaluation unit:7QC
1 [5.5~6 J1;2 [4.5~5.5 >;3 [3.5~4.5 >;4 [2.5~3.5 );5 [1.5~2.5 )36 [1~1.5 )
First class [ 5.5, 6 score |;Second class[ 4.5, 5.5 score) ; Third class [3.5, 4.5 score) ;Fourth class [2.5, 3.5 score) ;Fifth class [1.5, 2.5

score) ;Sixth class [1, 1.5 score)

1. Integrated score of press indicator: TP = 2 (Tpi)/mp = (T'P1 +TP2+ TP3)/3
Classfication of press indicator: T'PC
1 [5.5~6 J1;2 [4.5~5.5 >;3 [3.5~4.5 >;4 [2.5~3.5 )35 [1.5~2.5 )36 [1~1.5 )
First class [5.5, 6 score |;Second class[ 4.5, 5.5 score); Third class [ 3.5, 4.5 score) ;Fourth class [2. 5, 3.5 score);Fifth class [1.5, 2.5

score) ;Sixth class [1, 1.5 score)

1.1 TP1 Average score of each cell for press indicator: TP1 = UP = Z WPy /n
1.2 TP2 Score of statistical press indicator

P2 = 2 (TP20)/mp2 = (TP21 +TP22 +TP23 + TP24)/4

Tr21 Average score of slope gradient:

6 [0~5°);5[5, 10°)34 [10, 15°)33 [15, 20°)32 [20, 25°);1 [>25°, 4o0)

TP22 % Score for proportion of farmland grade:

6 [0, 10%):5 [10, 15%):4 [15, 20%):3 [20, 25%)52 [25, 30%)51 [30%, +oo)

Tr23 C Score for grade of average slope gradient of farmland:

6 [0, 535 [5, 10°)34 [10, 15°)33 [15, 20°)32 [20, 25°)31 [25, 90°)

TP24 %) Score for income proportion grade of agricultural production:

6 L0%6~15%):5 [15%~30%) ;4 [30%~45%);3 [45%~60%)32 [60%~75%)31 [75%~100% ]

1.3 TP3 ( ) Score of press indicator pattern for catchment (deviation of land
use map and slope grade map) . TP3 = Z (TP3i)/mp3 = (P31 + P32+ P33)/3

TP31 (%) Score for deviation of patch density grade:

6 (0%, 15%)35 [15% ., 30%)34 [30% ., 45%)33 [45% . 60%);2 [60% ., 75%);1 [75%, 100% ]

TP32 %) Score for deviation of evenness grade:

6 [0.15%)35 [15, 30%)34 [30, 45%)33 [45. 60%);2 [60, 75%);1 [75, 100% ]

TPrP33 (%)) Score for deviation of relative dominance grade:

6 [0, 15%)35 [15, 30%) 34 [30, 45%)33 [45, 60%);2 [60, 75%):1 [75, 100% ]

2. TSC ) Integrated score of state indicator:

TS = 2 (T'Si)/ms = (T'S1 + TS24+ TS3 +TS4)/4
T'SC Classfication of state indicator:
1 [5.5~6 1;2 [4.5~5.5 )33 [3.5~4.5 )34 [2.5~3.5 )35 [1.5~2.5 )36 [1~1.5 )
First class [5.5, 6 score |;Second class[ 4.5, 5.5 score); Third class [ 3.5, 4.5 score) ;Fourth class [2. 5, 3.5 score);Fifth class [1.5, 2.5

score) ;Sixth class [1. 1.5 score)

2.1 TS1 Average score of each cell for state indicator:

TS1=US = >,WUSj/n

2.2 TS2 Score of statistical state indicator:

TS2 = >, (I'S2i)/ms2 = (I'S21 + TS22 + 1'S23)/3

TS21 (t/hm?) Score for average soil erosion intensity grade:

6 [0, 2.5 t/hm?);5 [2.5, 10 t/hm?);4 [10, 25 t/hm?);3 [25, 100 t/hm?);2 [100, 1000 t/hm?);1 [1000 t/hm?, +o0)
TS22 Score for average soil fertility grade: 7'S22 = US2 = Z WS25)/n

TS23 %) Score for vegetation cover grade:

1[0, 15%)352 [15, 30%)3:3 [30, 45%)34 [45, 60%)35 [60, 75%)36 [75, 100% ]

2.3 TS3 ( ) Score of state indicator pattern for catchment (deviation of
soil state map and slope grade map): 7'S3 = Z (T'S3i)/ms3 = (T'S31 + TS32 + TS33)/3

TS31: %) Score for deviation of patch density grade:

6 [0, 15%);5 [15%, 30% )34 [30%, 45%)33 [45% . 60%)32 [60% . 75%);1 [75%, 100% ]

TS32: (%) Score for deviation of evenness grade:

6 [0, 15%):5[15%, 30%)34 [30%, 45%);33 [45% . 60%)52 [60%, 75%):1 [75%, 100% ]

TS33 % Score for deviation of relative dominance grade:

6 [0.15%)35[15% . 30% )34 [30% . 45%)33 [45% . 60%):2 [60% . 75% )31 [75% . 100% ]

2.4 TS4 Score for soil erosion at catchment outlet

TS4 = > (T'S4i)/msh = (TS41 + TS42 + TS43)/3

TS41 /s) Score for velocity of flood peak grade:

6 [0, 3000 1/s)3;5 [3000, 4000 1/s)34 [4000, 5000 1/s)33 [5000, 6000 1/s);2 [6000, 7000 1/s);1 [7000 1/s, +o0)
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1

TS42 (m?/hm?) Score of gross runoff grade:

6 [0, 10 m*/hm?);5 [10, 15 m3/hm?);4 [15, 20 m3/hm?);3 [20, 25 m3/hm?);2 [25. 30 m3/hm?);1 [30 m3/hm?, +co)

TS43 (ton/hm?) Score of total soil erosion grade:

6 [0, 2.0 t/hm?);5 [2.0, 3.0 t/hm?);4 [3.0, 4.0 t/hm*);3 [4.0, 5.0 t/hm*);2 [5.0, 6.0 t/hm?);1 [6. 0 t/hm?, +o0)

3. TR( ) Score of response indicator
TR = E (TRi)/mr = (TR1 + TR2)/2
TRC Classfication for response indicator ;
1 [5.5~6 132 [4.5~5.5 )33 [3.5~4.5 )34 [2.5~3.5 )35 [1.5~2.5 )36 [1~1.5 )

First class [5.5, 6 score |;Second class[4.5, 5.5 score) ; Third class [3.5, 4.5 score) ;Fourth class [2.5, 3.5 score) ;Fifth class [1.5, 2.5

score) ;Sixth class [1, 1.5 score)

3.1 TRI1 Average score of each cell for response indicator:
TR1 =UR = >, (URj)/n

3.2 TR2 Score of response indicator ;

TR2 = Z (TR21) /mr2 = (TR21 + TR22)/2

TR21 %) Score for area proportion grade of non~farmland

1[0, 50%):2 [50%, 60%):3 [60%, 70%) ;4 [70% . 80%);5 [80%, 90%)3:6 [90%, 100% ]
TR22 % Score for area proportion grade of terrace to farmland ;

1[0, 15%);2 [15%, 30%)353 [30% . 45%);4 [45%, 60%):5 [60% . 75%)36 [75%, 100% ]

14 .1998

Table 14 Landscape index of slope grade map, land use map in 1998 and soil fertility grade map

(n/hm?) %) (%)
Patch density Evenness Dominance
Slope grade map 8. 605 18.59 31. 86
1998 Land use map in 1998 0. 003 70.52 20. 30
1998 (%) Deviation of Land use map in 1998 to
lope grade map 99. 97 15.15 36. 28
Soil fertility grade map 2. 80 63. 94 20. 66
o5 o e s (%) Deviation of soil fertility grade map in i - _—
(3) 13 1998
2.01 s s s 13 s
5
3.2.2
D) . 3 )
2.67 . 4
(2) ; (
14), s o 3. 33 4
3 LISEM s B s
8053. 911/s, 6. 03t/hm?, 1 ,  24.88m’/hm?*, 3
1.67 . 5 o
(4) s 13 s 1998
o s 2.72 4
3.2.3 13 s 3.90
3 .
( / . / ) , 57.2% 2 ., 5 (
) , 4.01%, 1 . 6 . .
1. 50, 5
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