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Abstract— This paper focuses on the coupling of water and land resources based on several factors related closely 1o enther water or
.and resources, which have become a topical subject due to the economic expansion and their sustainabie development in recent years.
A case of Qihe County in Shangdong Province, China has been used to demonstrate the methodalogy of the coupling and s applica:ion
in regionalization with the help of grographical infarmarion sysrem (G18) renl. Field ohservation and measirement of soil salt and
meisture in several profiles zre used to verify the results of the coupling, which gives reasonable disiribution of different areas
regarding to the advantages and disadvantages for sustainable agriculture.
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1 Introduction

Water shortage and wide distribution of alkaline land are two major faciors that have effects on
the sustainable development of agriculture in north China. One project area in Qihe County (36’
24'—-37°00'N, 116°23—117°37°E, just in the norih of the Yellow River) of Shangdong Province
has been selected for intensive ficld observation and measurement of soil salt and moisture {rom
1989 to 1991 in 9 profiles with 8 layers for each. 0—5, 5—20, 20—40, 40—70, 70-—100Q,
100—150, and meore than 200 {(cm). The survey for agricultural planning of Qihe County during
the period of 19831984 yielded many maps related to land and water resources of the county,
such as annual average ground water table, mineralization level of ground water, soil texture and
structure, land use, land class etc., which are defined as factors of land and water resources
coupling and provide considerable base for the study.

The aim of this paper is to explore the relationships among the factors of water and land
resources in a prolile and an area by coupling, and apply these relationships for a certain purpose,
such as 1o calculate regional evaporation from ground water surface and to carry out hydrologic

regionalizalion.
2  Methodology

The tool of Geographical Information System (GIS), such as ARC/INFQ), which is powerful
in spatial analysis and convenient in digitizing, editing and plotting, was used o overlay relevant
factors of both land and water resources. For each factor, several classes have been defined and
delineated in the map of Qihe County, c.g., five classes for ground water depth: less than 1, 1—
2, 2—3, 3—4 and more than 4 (m).

The relationships between different class within each factor have to be defined belore any
coupling and reclassification can be processed. In order to define the above relations, the general
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objective of coupling should be decided becausc the factors of water and land rescurces have varied
effects on different purposes, for example, to build a house or a road may pay less attention to soil
texture or ground water quality than the farmers do. Therefore, an inquiry form was designed and
distributed to local experts according to the purpose of agricultural production, asking them to
evaluate the similarity degree in the scale of 0—1 berween different classes within each factor.
Then the similarity degree for each factor from the experts was averaged for later use. Thus, 9
factors in total, i. e., geomorphologic type, lithology, surlace scil texture, soil type, soil
structure, ground water depth, mineralization level of ground water, annual variation of ground
water depth and exploitation conditions [or ground water were evaluated and weight-averaged
similarity degree for each of them were calculated.

After overlaying the related factors by using GIS, many blocks or coupling units may hence be
produced with coupling factors and their characteristics included. The addition rule was used to
calculate the similarity degree between any two blocks. Supposed six factors were used for
coupling, then the maximum possible similarity degree between any two blocks was 6.0, which
divided subsequently the azccumulated similarity degree, yvielding standardized similarity degree,
The [uzzy matrix of standardized similarity degree between any two blocks can consequently be
created with 1.0 in the diagonal line, and the classification can be carried out based on this matrix
by using fuzzy method (Lou, 1983).

Given an original fuzzy relation or matrix R, the second order fuzzy relation is defined as R,
= ROR, the third order relation as Ry = R;©R, - R, =R, .1{©R. Where © is fuzzy operator
for multiplication. R, =R, =R, =R,+>="", if R is a matrix of symmetry and with 1.0 in
the diagonal line. Given fuzzy mairix A and B, then an element of fuzzy matrix C, C=ATBHB
may be expressed as:

C",' _ MaxMin[a'k, bi:;]: \:' [au A bh]’
; &

where V is the operation to choose the maximum value, A to choose the minimum value.

The matrix of K, _; can be obtained through the operation according to Equation (1) and then
be used for classification if one threshold A from 0 to 1 is given. The larger the A value, the more
classes will be created. When 1 is assigned to A, the number of yiclded class will be cxactly the
same as the original one, and when a certain small value is assigned to X, only one class will be

obtained.

3 Results

The measurement of sotl salt has showed that sojil salt of the profile from 0 to 200 em {ollows
a periodic cycle: stable (Dec. to Feb.) —intensive salt accumulation (Mar. to Apr. ) —=stable
(May to June) —salt dilution (Jul. to Aug.) —salt accumulation (Sept. to Nov. ). This cycle is
closely relared ta the {luctuation of ground water depth, but not to soil moisture due to irrigation
practice. Combined the soil salt movement with the ground water depth, the critical water depth
can be proposed to prevent upward movement of salt to root zone and thus land degradation.

Table 1 gives more or less the same depth as that in the practice, in which the following depth
has been adopted: 3.0 m for Mar.—Jun., 1.7 m for Jul. —Sept., 2.1 m for Oct. —Dec. By
using the policy of controlling ground water depth, the alkaline land in the project area has

decreased substantially .
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Tahle 1 The critical groundwater depth (CGD) for the project area

Perind Der. 10 Feh. Mar. te Apr.

May to Jun. Jul. to Aug.

Sept. ta Nav.

CGD, m 2.0 2.5

1.75 1.65 2.25

The field observed data in the siles of 9 profiles for ground water depth and mineralization
level { ML) has given the following results: (1) ML is rather stable, and slightly increases when
ground water table is going down; (2) ML in the period of salt accumulation is normally greater
than that in the period of dilution. The average ML for Sept. —Nov. of 1989 was 0.76 g/L,
while 0.62 g/1. for Jul. —Aug. of 1990; (3} ML changes yearly due mainly to the variation of

rainfall.

Twao or more coupling factors in regional base can be overlaid by using ARC/INFQ to analyze

the internal relations among factors. Table 2 gives the coupling resulis of ground water depth and

mineralization level for the whole county.
Table 2 shows that three different
layers can be identified in the vertical
profile: upper layer {ground water depth
less than 2m), middle layer {2-——3 m) and
lower layer (> 3m). In the wpper layer,
ML  may incrcase slightly with the
lowering of water depth. This is similar to
the resull mentioned above in the profile
base. ML of lower layer is generally low,

and increases with the lowering of water depth. The

locating between the upper and lower layers.

The evaporation E from ground water surface
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Tahle 2 The averaged mineralization level for

varied ground water depth

Ground water depth, m Averaged mineralization level, g/
<1 0.50—1.50
1—2 {.51-1.51
2—3 0.45—1.45
—4 0.15—1.15
>4 0.28—1.28
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Fig.1 The regional distribution of evaporation from ground water for

middle layer is a transitional one with ML

for the whole county has been calculated
according to  Apepbamor formula { Lei,
1988): E=FEo x (1— h/ho}", where Eo
is evzporation from f{ree water surface
measured by E-601 (annual average Eo for
Qihe County is 1135.8 mm; Hong, 1988),
h s ground water depth in m, he is the
maximum water depth in which E s close
to zero, and n is a dimensionless
parameter. ho and n can be chosen
empirically based mainly on soil texture.
3.7, 2.5 and 2.0 have heen assigned 10 n,
and 3.5 m, 2.5 mand 2.5 m to fo for the
soil with the texture of fine-sand, loam and
clay, respectively. Thus, regional
distribution of E (Fig. 1) can be easily
ohtained from the coupling of ground water
depth and scil texture together with the
above formula.

Four [actors have finally been selected

for classification based on trial-and-error:
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soil texture, mineralization level, ground water depth and geomorphologic type. Varied values
have been assigned 10 A, yielding divergent classification schemes. If A =3.67, then there are 1otal
8 classes derived with two main coupling classes that account for about 90% area of Qihe County;
If A =3.68, then there are 12 classes with three main coupling classes, which is roughly closed to
the real situation. Therealter, regionalization can be carried out based on these 12 classes. Three
mauin classes have been delined as separate regions (Region I, II, III, in Fig.2), the others,
which account for only 8% area of the county, been delined as one region (Region IV), in which
the combination of all coupling factors disfavors the agricultural productivity. These regions can be
described easily by using average value and/or main characteristics of coupling factors. The average

ground water depth and mineralization level for Region I, II and HI are given in Table 3.

B 1
EA u
=R
v

Fig.2 Four regions derived from 12 classes of the coupling

Table 3 The average ground water depth (GWI}) and mineralization level for Region I, 11 and I11

Regicn | 11 11
Ground water depth, m 1—2 2,1—3.1 0—1
Mineralization level, g/1. 0.42—1.42 0.35—1.35 0.31—1.31

Compared to traditional regionalization methad, the advantages of the proposed scheme based
on the coupling are given as following:
* All the planning and relevant work in the past may well be included in the coupling.
+ The region’s boundary can be delineated clearly and rather objectively.
* The regionalization scenario can be easily adjusted to adapt for varied purpose, and classification
scheme can he modified readily by simply changing A value.
* And, both quantitative and gualitative characteristics of each region may well be described such as
that shown in Table 3, let alone routine measurement for area and boundary length.
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4 Conclusions

The coupling of land and water resource factors on a regional base may lead to interesting
discoveries of internal relations among these factors, and some of them can be verified by field
observation and measurement. The concept of similarity degree for different classes within each
factor has been adopted and the classification and thus regionalization can be carried out by using
fuzzy method. The regionalization of one case study based on the coupling is rather realistic and can
possibly be used in policy-making as regard to the sustainable development for agriculture in China.
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