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Abstract — Soil water is the only ‘crop’ that can be directly used and assessing its quantity at different hydrological years is 
important to provide the basic data for soil water utilization in farmland. The study includes: i) calculation model of soil water 
amount is established in unit mm using the basic principles of field water cycle and water balance in a soil evaluation layer 
recharged by atmospheric precipitation, ii) computational parameters are put forward, iii) the soil water amount in different 
hydrological years is calculated taking Baoding plain as an example, and iv) the rules of the amount affected by rainfall and soil 
type are analyzed. The results show that: i) under the same soil types, there is a positive correlation between the amount of soil 
water in 1-12 months period in different hydrological years and corresponding monthly rainfall; ii) in the same hydrology year, 
different type soils have different soil water amount such that in the soil evaluation layer: ii-a) in a wet year, soil water amount in 
sandy and sandy loam are not affected by daily infiltration capacity, but its amount in loamy, clay loam and clay is affected by 
daily infiltration capacity; ii-b) in an average year, soil water amount in sandy, sandy loam, loam, clay loam is not subject to 
infiltration capacity, but that of clay is affected significantly by infiltration capacity; ii-c) in a dry year, infiltration capacity has no 
influence on the soil water amount in sandy soil, sandy loam, loamy soil, but has influence on its amount in clay loam and clay. 
Assessing the amount of soil water in farmland forms the theoretical basis for the spatial and temporal distribution of soil water 
and their efficient use. 
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I.    INTRODUCTION 
 
Baoding is an agricultural city. It is well known that soil 

water is the only form of crops that can be directly used. 
Water resources shortage is the most important resource 
bottleneck of restricting the regional developments, and the 
statistics data show that the total water consumption in 
agricultural production accounted for more than 70% of the 
total water consumption [1].Agricultural use of water is 
mainly farmland irrigation water, which should be firstly 
send to field by water conveyance from water source, and 
then the gravity water will be changed into soil water 
through the field water distribution, and finally it will be 
turned into the output of crops through the transpiration and 
evaporation. Agricultural use of water is water consumption; 
soil water consumption of crops mainly has two sources, 
rainfall and irrigation water, as we know rainfall is the main 
recharge source of soil water, and irrigation water is a 
supplementary source of soil water, so efficient utilization of 
soil water from rainfall is the key process to reducing 
consumption of irrigation water (traditional water resources) 
for agricultural production. Therefore, it is urgent to study 
quantity calculation of soil water resources from the natural 
precipitation, called farmland soil water resources. 

Scholars had done an abundant researches on the quantity 
calculation of soil water resources. There are five 
classification of calculating method: 

The amount of total evaporation, equal to the soil water 
resources quantity in a given period [2,3]; The method of 

soil water recharged total amount [4]; The method of water 
balance [5,6,7];The method of soil water movement balance 
and water circulation flux [8];The comprehensive method of 
water balance and numerical calculation [9,10]. 

All of above calculation models of soil water resources 
are based on the different definition of soil water resources. 
The concept of soil water resource will be rearranged based 
on the above literatures in this paper and the calculation 
model of soil water resources must be established, which is 
able to make full use of the existing hydrologic data and soil 
texture distribution data and to link up with the evaluation 
method of regional water resources. 

 Firstly, based on the definition of soil water resources 
and according to the field water cycle recharged by 
atmospheric precipitation and the basic principles of water 
balance in soil evaluation layer, the calculation model of soil 
water resources amount will be established in mm unit, and  
the model parameters calculation method will be given; 
Secondly, taking Baoding plain area as an example, soil 
water resources amount in different hydrological years will 
be calculated using the calculation model, and the influence 
law of precipitation and soil type on the amount of soil water 
resource will be analyzed, which can establish theoretical 
foundation for the efficient utilization of soil water resources 
of the temporal and spatial distribution of soil water 
resources. 
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 II. MATERIALS AND METHODS 

A. Study Area 

The Baoding area is situated in the middle of Hebei 
pronvince, and borders shanxi province on the west, 
Zhangjiakou city and Beijing on the north, Langfang and 
Cangzhou on the east, Hengshui and Shijiazhuang on the 
south (Fig.1). The whole area covers 22103km2，47% of 
which is plain area. There is a curve boundary in the figure 
1, at the left of which is Baoding mountain area, and at the 
right of which is Baoding plain area, shown in Fig.1. 

 
Figure1. The geographic position of Baoding area 

Because of monsoon influence, precipitation is highly 
variable; mean annual rainfall in Baoding plain is 576mm, 
80% of which is concentrated between June and September. 
There are five Soil types in Baoding plain, which are sand, 
sandy loam, loam, clay loam and clay, the ratio is shown in 
Fig.2. Planting structure in Baoding includes two major 
categories plants, food crops and economic crops. Winter 
wheat and summer corn are the main food crops, and the 
cotton is the main economic crops. 

 
Figure2. Ratio of five types soil in Baoding plain 

B. Concept of Soil Water Resources 

Soil water resources should add at least three limitations 
to the soil water[11]: 1) Storage space: confined to the root 
active layer, rather than the entire unsaturated layer;2) 
Storage status: soil moisture for use only between field 
capacity and wilting coefficient ;3) Water source: limited to 
precipitation. 

Soil water resources is the soil water stored in the 
evaluation layer, between the wilting coefficient and field 
capacity to crop or plant roots uptake, and recharged from 
precipitation. The quantity of soil water resources is called 
soil water resources amount. 

C. Calculation Model of Soil Water Resources 

Based on the water quantity balance equation of field 
hydrological cycle, soil water resources quantity will be 
calculated. Field hydrological cycle involves four water, 
precipitation, surface water, soil water and groundwater to 
meet crop water requirement law. If precipitation is the only 
sources of field water cycle without the irrigation water, the 
water cycle is called natural field hydrological cycle, shown 
in Fig.3. Where P is the daily precipitation(mm), Pw is 
canopy rainfall interception, ET is evapotranspiration, Rs is 
surface runoff, Prd is the water quantity of infiltrated out of 
the evaluation layer, Eg is the recharge quantity by shallow 
groundwater. First, there are three losses from to soil water 
resources in the evaluation layer as follows: Pw、Rs and 
Prd. 

 
Figure3. Natural field hydrological cycle 

Seen from the water quantity balance, soil water 
resources of evaluation layer is calculated by the difference 
between the amount of annual precipitation and loss of 
annual precipitation, and the formula is as follows [12]: 

    rdsw PRPPW
            (1) 

W  is the soil water resources quantity of evalution 

layer(mm), P  is the daily precipitation(mm), wP  is canopy 

rainfall interception, which cannot be used by crop 

root(mm), sR is daily surface runoff(mm), rdP is daily 

water quantity of infiltrated out of the evaluation layer(mm). 

D. Calculation Method of Model Parameters 

The parameters should be calculated separately, which 
include daily precipitation, canopy interception rainfall, 
surface runoff and water quantity of infiltrated out of the 
evaluation layer. To determine Rs and Prd, two basic 
assumptions will be introduced: surface runoff follow 
runoff yield in excess of infiltration and water quantity of 
infiltrated out of the evaluation layer abide by runoff yield 
at natural storage. 
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1) Daily precipitation(P): First the typical rainfall stations 
should be chosen in the region and precipitation data should 
be collected and checked, then the surface area of annual 
precipitation data will be calculated from rainfall of the 
point based on thiessen polygons method, and finally 
typical annual rainfall can be calculated using frequency 
analysis methods and the hydrological year should be 
decided, generally, the wet year (P=25%), the average year 
(P=50%) and the dry year (P=75%). Daily precipitation 
data corresponding to the different typical year can be 
concluded. Precipitation series in 1956~2012 in Baoding 
plain area have been chosen in this study. From the view of 
rainfall recharge, the favorable conditions of forming soil 
water resources are rainfall time distribution as uniform as 
possible. 

2) Canopy interception rainfall(Pw): Canopy 
interception is the storage phenomenon of rain water in 
plant leaves, and it is the first interception and distribution 
of rainfall from precipitation to the ground in the field and it 
is an important part of the hydrological cycle [13,14]. 
Canopy interception is affected by the crop characteristics 
and meteorological factors. Canopy interception capacity is 
the maximum canopy rainfall interception. LAI is the 
characterization of the canopy rainfall interception capacity 
index [15]. The actual interception mainly is affected by 
rainfall and rainfall intensity. Canopy interception model is 
divided into empirical, conceptual and physical models 
[16]. According to information available, the statistical 
model is selected in this article to determine canopy 
interception, based on observational data of rainfall and leaf 
area index for the impact factor, the plant interception 
formula is as follows[17].  
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     (2) 

wP is interception plant of daily average precipitation, 

LAI is leaf area index, P  is daily average rainfall. 

3) Surface runoff(Rs): Daily infiltration capacity of 
different soil types should be determined based on surface 
runoff obtained from typical year. Evaluation layer depth 
should be identified based on agriculture root zone method. 
The surface runoff formula (3) is shown as follows.  
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                 (3) 

sR is daily surface runoff(mm), wP  is canopy rainfall 

interception(mm), MF  is daily infiltration capacity(mm/d) 

4)Water quantity of infiltrated out of the evaluation 
layer(Prd): According to (4) and (5), Prd can be calculated, 
shown in the following: 

1n n n wn sn gn n rdw w P P R E ET P            (4) 

1nw   is the soil moisture content of the 1n   day, nw  

is the soil moisture content of the n  day, nP is the 

precipitation of the n day, wnP  is the canopy interception 

precipitation of the n day, snR is the surface runoff of the n 

day, gnE  is the recharge of shallow groundwater of the n 

day, its value equal zero under deep groundwater zone 

(groundwater depth greater than 4 meters), nET  is 

evapotranspiration of plant in the n day, which can be 
obtained in accordance with the relationship of potential 

crop evapotranspiration and crop coefficient, rdP is water 

quantity of infiltrated out of the evaluation layer. 

If 1nw  is greater than the storage capacity( maxI ), the 

rdP can be calculated by the following equation(5) and the 

rdP will be zero under other situations. 
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maxI  is the storage capacity of the soil. According to the 

above method, daily rainfall, ineffective rainfall, surface 
runoff and water quantity of infiltrated out of the evaluation 
layer are calculated in the year, and put into formula (1), 
and the results of the total soil water resources will be 
gotten. In this way the dynamics of soil water resources of 
the year will be found. 

III.    RESULTS AND DISCUSSION  

The precipitation results of analysis and comparison 
showed that eventually 1979 was selected as the typical year 
of wet year, 2009 was chosen as typical of year average 
year, and 2002 was chosen as the typical year of dry year. In 
this paper, the daily rainfall data of 1979, 2009 and 2002 
were used to calculate the soil water resources in different 
hydrological years and the daily soil water resources were 
added to calculated the year soil water resources 
amount[18]. 

A.  Soil Water Resources Amount of Different Soil Types 
in Wet Year 

The monthly amount of soil water resources of different 
soil types in wet year are shown in Table1, and the result of 
calculation parameters are shown in Table 2. The 
precipitation in 1979 was 607.78mm. Based on the data in 
table1, soil water resources amount of sandy soil and sandy 
loam soil were the highest, accounting for 92.58% of annual 
precipitation; the soil water resources amount of loamy soil 
accounted for 89.99% of annual precipitation; that of clay 
loam accounted for annual precipitation of 86.70%; that of 
clayey soil was minimum, accounting for 82.64% of annual 
precipitation. In view of the monthly distribution of soil 
water resources, the amount of soil water resources of 
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different soil was different only in July and August, and the 
amount of soil water resources in the rest of the same month 
are the same. From different calculation parameters point of 
view in table 2, the amount of precipitation P, Pw and the 
evaluation of the amount of Prd are the same, the only 

difference is the surface runoff Rs, that is to say, sandy soil 
and sandy loam soil surface runoff is 0, and loamy soil 
surface runoff is 15.73mm, clay loam surface runoff is 
35.72mm, and the maximum surface runoff is 60.42mm, 
happened in clay soil. 

 
 
TABLE I. THE SOIL WATER RESOURCES AMOUNT OF DIFFERENT SOIL TYPES IN WET YEAR   UNIT:MM 

Month Sandy Sandy loam Loam Clay loam Clay 

1 2.07 2.07 2.07 2.07 2.07 

2 23.47 23.47 23.47 23.47 23.47 
3 6.64 6.64 6.64 6.64 6.64 
4 45.48 45.48 45.48 45.48 45.48 
5 24.53 24.53 24.53 24.53 24.53 
6 85.77 85.77 85.77 85.77 85.77 
7 241.26 241.26 229.34 219.34 205.91 
8 120.46 120.46 116.65 106.65 95.39 
9 1.78 1.78 1.78 1.78 1.78 

10 2.67 2.67 2.67 2.67 2.67 
11 1.21 1.21 1.21 1.21 1.21 
12 7.35 7.35 7.35 7.35 7.35 

Total 562.69 562.69 546.96 526.96 502.27 
 
 

TABLE II. THE CALCULATION PARAMETERS OF DIFFERENT SOIL TYPES IN WET YEAR   UNIT:MM 
Soil types P Pw Rs Prd W 

Sandy 607.78 45.09 0 0 562.69 
Sandy loam 607.78 45.09 0 0 562.69 

Loam 607.78 45.09 15.73 0 546.96 
Clay loam 607.78 45.09 35.72 0 526.96 

Clay 607.78 45.09 60.42 0 502.27 
 
 

B.  Soil Water Resources Amount of Different Soil Types 
in Average Year 

The monthly amount of soil water resources of different 
soil types in average year are shown in Table3, and the result 
of calculation parameters are shown in Table 4. The 
precipitation in 2009 was 494.49mm. Based on the data in 
table3, soil water resources amount of sandy soil, sandy 
loam, loam and clay loam soil is 450.36mm, accounting for 
91.08% of annual precipitation, and that of clay soil is 

446,69mm, accounting for 90.33% of annual precipitation. 
From the perspective of the monthly distribution of soil 
water resources, the amount of soil water resources between 
clay and the other kinds of soil is different only in June and 
July, and the amount of soil water resources in the rest of the 
month are the same. From different calculation parameters 
point of view in table4, the only difference is the surface 
runoff Rs, that is surface runoff in clay soil is 3.67mm and 
surface runoff in other kinds of soil are 0. 

 
TABLE III. THE SOIL WATER RESOURCES AMOUNT OF DIFFERENT SOIL TYPES IN AVERAGE YEAR   UNIT:MM 
Month Sandy Sandy loam Loam Clay loam Clay 

1 0.00 0.00 0.00 0.00 0.00 

2 11.49 11.49 11.49 11.49 11.49 
3 13.34 13.34 13.34 13.34 13.34 
4 8.26 8.26 8.26 8.26 8.26 
5 13.10 13.10 13.10 13.10 13.10 
6 62.63 62.63 62.63 62.63 61.03 
7 114.09 114.09 114.09 114.09 112.02 
8 141.71 141.71 141.71 141.71 141.71 
9 59.18 59.18 59.18 59.18 59.18 

10 7.11 7.11 7.11 7.11 7.11 
11 19.43 19.43 19.43 19.43 19.43 
12 0.03 0.03 0.03 0.03 0.03 

Total 450.36 450.36 450.36 450.36 446.69 
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TABLE IV. THE CALCULATION PARAMETERS OF DIFFERENT SOIL TYPES IN AVERAGE YEAR  
Soil types P Pw Rs Prd W 

Sandy 494.49 44.13 0 0 450.36 
Sandy loam 494.49 44.13 0 0 450.36 

Loam 494.49 44.13 0 0 450.36 
Clay loam 494.49 44.13 0 0 450.36 

Clay 494.49 44.13 3.67 0 446.69 

C.  Soil Water Resources Amount of Different Soil Types 
in Dry Year 

The results of soil water resources amount in dry year are 
shown in Table 5, and the computation parameters are 
shown in Table 6. The precipitation in 2002 was 389.24mm. 
The table shows that from the point of view of soil water 
resource, sandy soil, sandy loam, loamy soil has maximum 
soil water resources 348.89mm, accounting for 89.63% of 
annual precipitation; followed by the clay loam has the soil 
water resources 345.14mm, accounted for annual 
precipitation 88.67%; clay soil has the minimum soil water 

resources 335.14mm, accounting for 86.10% of annual 
precipitation. From the perspective of the monthly 
distribution of soil water resources, the soil water resources 
amount between clay, clay loam and other three kinds of soil 
is different only in June, soil water resources in the rest of 
the month are the same. According to the computation 
parameters of soil water resources, there is only difference in 
surface runoff between clay loam, clay soil and the other 
three soil types, that is clay soil surface runoff is 14.75mm, 
and clay loam surface runoff is 4.75mm, and the other three 
soil types surface runoff are 0. 

 
TABLE  V. THE SOIL WATER RESOURCES AMOUNT OF DIFFERENT SOIL TYPES IN WET YEAR   UNIT:MM 

Month Sandy Sandy loam Loam Clay loam Clay 

1 0.16 0.16 0.16 0.16 0.16 

2 0.06 0.06 0.06 0.06 0.06 
3 0.62 0.62 0.62 0.62 0.62 
4 21.23 21.23 21.23 21.23 21.23 
5 9.98 9.98 9.98 9.98 9.98 
6 93.17 93.17 93.17 88.42 78.42 
7 81.30 81.30 81.30 81.30 81.30 
8 54.83 54.83 54.83 54.83 54.83 
9 57.20 57.20 57.20 57.20 57.20 

10 21.00 21.00 21.00 21.00 21.00 
11 0.00 0.00 0.00 0.00 0.00 
12 10.34 10.34 10.34 10.34 10.34 

Total 349.89 349.89 349.89 345.14 335.14 
 

TABLE VI. THE CALCULATION PARAMETERS OF DIFFERENT SOIL TYPES IN WET YEAR 
Soil types P Pw Rs Prd W 

Sandy 389.24 39.35 0 0 349.89 
Sandy loam 389.24 39.35 0 0 349.89 

Loam 389.24 39.35 0 0 349.89 
Clay loam 389.24 39.35 5.75 0 349.89 

Clay 389.24 39.35 14.75 0 349.89 

 
IV.    CONCLUSION 

 
The rules of the soil water resource amount affected by 

the hydrologic years and the soil types have been analyzed 
and some useful conclusions are drawn as followed. 

Under the same soil types, there is a positive correlation 
between the amount of soil water resource of 1-12 months in 
different hydrological years and corresponding monthly 
rainfall in different hydrological years. 

In wet year, soil water resources amount of sandy and 
sandy loam has not been affected by daily infiltration 
capacity of soil evaluation layer, but soil water resources 
amount of loamy, clay loam and clay have been affected by 
daily infiltration capacity of soil evaluation layer. In average 
year, soil water resources amount of sandy, sandy loam, 
loam, clay loam is not subject to infiltration capacity of the 
soil evaluation layer, but soil water resources amount of clay 
is affected significantly by infiltration capacity of soil layer 
evaluation. In dry year, infiltration capacity of soil 

evaluation layer has no influence on the soil water resources 
amount of sandy soil, sandy loam, loamy soil, but has 
influence on soil water resources amount of clay loam and 
clay.  

The amount of soil water resources in farmland is the 
theoretical basis for the spatial and temporal distribution of 
soil water resources and the efficient utilization of soil water 
resources. 
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