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Introduction
In 2004, Huai River Basin’s total gross domestic product (GDP) 

was estimated at 1.05 trillion Yuan, which is 148% higher than 1994 
records. It is a preponderantly evolving area in China. The numbers 
of industries serviced by the Huai River Basin are continuously on the 
increase including paper industry, production of coal chemical, textiles 
and food processing. One major industry having unprecedented growth 
on the basis of basin is the agriculture, which has been used to produce 
rice, wheat, soya beans, and cotton. The basin spreads its tributaries to 
four main cities including Luohe, Zhenghou, Zhoukou and Bengbu. 
Again, there are several infrastructural lands such as sluices, dams 
and other water project constructions.1,2 At the heart of the Huai River 
Basin is droughts controls system which is made up of over 5000 
sluices and 57000 reservoirs.3 Obviously, Huai River Basin facing 
several common issues regarding infrastructure around the world. 
Apart from using certain tributaries as source of water supply for 
populace; The basin is highly susceptible to pollution from chemical, 
metal and organic substances. Agricultural practices cause pollution 
due to chemical wastes washed-off from fertilized land. Similarly, 

organic and metal wastes are generated by industries around the basin. 
In addition, most of the cities surrounding the basin whose huge piles 
of untreated sewages are dumbed or eventually washed-off into it.4 In 
2009, sewage of over 8.6 billion m3 was discharged into the Huai River 
whose 78% capacity were short of chemical oxygen demand (COD) 
and ammonia nitrogen (NH3-N) required combinations in drinking 
water.5 As expected, the uncontrolled pollution in river is serious 
concerned throughout the world. According to studies conducted 
by3,6–8 an estimated 200 or more severe water pollution happened 
throughout the Huai river basin channels.6–8 There is presence of 
organic pollution prevailed in Huai River especially in tributaries such 
as Jialu River9 and the Jiangsu.7,10,11 Nevertheless, much is not done in 
terms of the effects of hydrochemistry caused by human actions on 
the Huai River. In another study,3 investigated the Huai River’s ion 
chemistry control mechanisms; but, no mention was made to specific 
statistics for dry season situation. Consequently, a sampling campaign 
was embarked upon in middle of 2009 which is dry season in order to 
identify the hydrochemistry in the upper spreads of Bengbu Sluice in 
Huai River Basin.
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Abstract

The causal research design method is most effective in establishing the cause-and-
effect associations especially when carrying out findings concerning specific variations 
on water resources availability and development in relation to several other River 
Basin operating factors such as human activities, climatic conditions and Land-use. 
The paper takes advantage of specific scenarios to reveal the trends of relationships 
between factors measured. It is feasible to analyze the effect and cause for wide range 
of processes in relation to trends. There are higher levels of internal validity associated 
with research design method because of systematic subject selection. Present study 
examines the effects of climate change factors on the processes and relative needs 
for water uses in domestic, production and eco-water consumption is central to the 
allocation and conservation of water resources in systems of ecology and economy 
in arid Northeast of China. The population growth requires adequate supply of water 
especially during shortages arising melt-water from ice and glacier, abnormal rainfall, 
and flood disasters. The Soil and Water Assessment Tool (SWAT) has deployed 
prominently for modelling the physical distribution of hydrology of Huai River Basin 
to ascertain the influence of land use and climate changes independently. However, 
its inadequate data causes equivocal and inconsistency results derived from statistical 
analysis; seemingly poor control measures in the basin; method’s cause-effect nature; 
and restriction to small and headwater basins. The watershed method revealed the 
effects of climatic conditions and human activities on water resources. However, 
it is limited by the constant variation to land use patterns usually smaller in large 
catchments than in small watersheds. There are two small neighbouring watersheds 
could have same climatic input but not in the case of larger catchments. To solve those 
problems researchers and stakeholders must find a long-term solution by identifying 
the affected areas. This paper presents the overview of water resources problem of the 
basin for future study, plan, and work.
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The processes of hydrology are majorly caused by climate and 
land use. There is ever increasing rate of human advancements 
giving rise to intense changes universally both in climatic conditions 
and forms of land-use in catchments. In general, the effects of these 
changes on environment and ecological advancement are receiving 
extensive attention.12‒15 On a catchment scale, the effects of these 
processes of hydrology including infiltration, groundwater recharge 
and runoff continue to adversely take tolls in the sense of balance 
of water resources’ demand and supply and quality of water; thereby 
causing imbalances in environment, ecosystems, and economy at 
large. The direct consequences of land use change are rate of flood 
incidences,16 base-flow7 and annual mean discharge,17 whereas the 
variability of climate can alter the peak-flows, flow routing time, 
and volume.18 In future, an effective planning, management and 
water resources development requires an adequate knowledge of the 
influences of climate variability and land use forms on hydrological 
processes. In the past, the watershed method was used to analyse the 
effects of land use changes in hydrologic processes.19 This method 
involves monitoring of pre- and post-land use change; thereafter, 
statistical tests of hypotheses are deployed in order to determine land 
use change impacts on the watershed hydrological responses. The 
paired watershed method is offered certain levels of understanding 
of the plant-soil atmosphere interaction, though with noticeable 
shortcomings.20 The reasons being that the difference due to land use 
change is usually smaller in large catchments than in small watersheds; 
two small neighbouring watersheds might receive a similar climatic 
input, whereas this becomes more unlikely for larger catchments.

Another method of estimating the effect of management on water, 
chemical yields of agriculture, and sediment is known as Soil and 
Water Assessment Tool (SWAT). SWAT is a physically based, basin-
scale, spatially distributed and continuous-time method operating on 
basis of a daily time step whose goal is to estimate the influence of 
management on agricultural chemical yields, sediment and water in 
watersheds. The operation of SWAT involves dividing a watershed 
into numerous sub-watersheds and also, the sub-watersheds are 
divided into hydrologic response units (HRUs), which are composed 
management, homogeneous land use, and soil characteristics. The 
HRUs depict fractions of the sub-watershed area and are unrecognized 
spatially within a SWAT operation. Similarly, a watershed can be 
broken down into only sub-watersheds using criteria such as soil 
type, land use, and management. There are a number of works carried 
with SWAT method on different watersheds varieties and sizes.21‒28 

Investigated the effects of best management practices implementation 
on pesticide fluxes contaminating surface water by means of SWAT 
method. Again,29 applied SWAT to examine the effects of land cover 
change on groundwater flow, entire water yields, and quick flow in the 
Motueka River catchment/section. Later,30 studied the SWAT method 
for the Xixian watershed hydrological modelling and compared 
outcomes to the XAJ method and31 evaluated the impact of tile 
drainage systems on composition of stream flow in in a Tile-Drained 
lowland section/catchment with application of the SWAT.

Description of the study area 

The study area extends from 30_550N to 34_560N and 111_550E 
to 117_300E, which encompasses the upper reaches of Bengbu 
Sluice, including the Ying River, Guo River, Shi River, Feng River, 
Pi River, and the main stream of the Huai River. The Huai River 
originates from the Tongbai Mountain in Henan Province, flows 

easterly through southern Henan, northern Hubei, northern Anhui, 
and northern Jiangsu, finally into the Yangtze River at Jiangdu, 
Yangzhou. The largest tributary of the study area is Ying River and the 
second is Guo River. The former originates from the Funiu Mountain 
in western Henan Province. It has a length of 1,078km and a drainage 
area of 36,728km2. The latter is 380 km long, with a contributing 
area of 15,900km2. Elevation of the study area ranges from about 
23m to 2,153m. Variations in elevation are indicative of different 
land-use patterns and climatological changes. The west portion of 
study area is more hilly, while the east part is relatively level. Soils 
investigated include brown soil, cinnamon soil, yellow brown soil in 
the mountainous area, and yellow moist soil in the plain. They are 
developed under natural vegetations of coniferous broadleaved forest 
in the west and fruit forest, robinia and poplar in the east. Over 50% 
of the study area is cultivated land. The chief enterprises are cloth, 
chemical pesticides in Zhengzhou, food processing, textiles, alcoholic 
beverages in Zhoukou, and wine, yarn in Bozhou, Fuyang, and 
Bengbu. The major urban areas are the metropolitan area of Zhoukou, 
Fuyang on the Ying River, Bozhou on the Guo River, and Bengbu on 
the Huai River (Anhui Provincial Bureau of Statistics, NBS Survey 
Office in Anhui 2010; Henan Provincial Bureau of Statistics, Henan 
Survey Office of NBS 2010). The climate throughout the study area 
varies from northern semi-tropics to sub-humid with warm, moist 
summers and cool, dry winters. 

The average temperature in study area is about 11.8-160C; the 
temperature often reaches 280C in summer and drops below freezing 
in winter when occasional cold fronts move through the area. The 
mean annual precipitation was 600–1,400 mm per year and most of 
the precipitation falls in the form of rain during the four-month period 
from June through September, i.e., the flood season of the river basin.32 
Monthly variations in the water discharge of the Huai River main 
channel show an appreciable seasonal variability, with low discharges 
in dry season (October-May) and high values in wet season (June–
September). The average discharge in July in Bengbu accounts for 
about 30 % of annual discharge.7 Bengbu Sluice, constructed in 1959 
and located on the middle reach of the Huai River, is the only dam 
on the main stream of the river in Bengbu City, Anhui Province.8 The 
mean annual stream flow at the Bengbu station is about 30.5 billion 
m3. The geology of the study area is relatively complex. The study area 
is one of the transitional areas between the mountains in the west and 
the plain in the east. The Pi River flows from granite, gneiss, schist, 
clasolite, and Quaternary alluvium. The lithology of Feng River is 
dominated by Quaternary alluvium. The Shi River and Huai River flow 
from granite, gneiss, schist, clasolite, Quaternary lacustrine-alluvium, 
and Quaternary alluviumdiluvium. The Ying River originating from 
the northwestern HRB drains primarily granite, andesite, carbonate, 
schist, clasolite, and Quaternary lacustrine alluvium and Quaternary 
alluvium-diluvium. The Guo River flows initially through Quaternary 
Aeolian, then through lacustrinealluvium and quaternary alluvium.

Growth and development huai river basin’s water resource 

Land use/land cover and climate change can significantly 
alter water cycle at local and regional scales. Xixian Watershed, 
an important agricultural area in the upper reach of the Huaihe 
River, has undergone a dramatic change of cultivation style, and 
consequently substantial land use change, during the past three 
decades. A marked increase in temperature was also observed. A 
significant monotonic increasing trend of annual temperature was 
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observed, while annual rainfall did not change significantly. There 
are 42 counties in the HRBSP. Starting from west to east, the cities 
of Heze, Jining, Zaozhuang, and Linyi consist of 9, 12, 6, and 12 
counties respectively. The industrial output values and the discharge 
of industrial wastewater, COD, and NH3–N were documented at the 
county-wide in 2010. Three parameters for measuring water quality 
including NH3-N, industrial wastewater discharge, and COD were 
used in the west region of the river basin showed greater discharges 
when compared to the eastern region, and pollutant discharges in 
nearby Nansi Lake were at high level than other regions. Obviously, 
there were regional discrepancies in values of industrial output, COD 
discharges, NH3-N, industrial wastewater. The regions having huge 
industrial wastewater discharges were centrally situated. Regions in 
east revealed lesser and stable quantities of industrial wastewater 
discharges as against those in the west. In addition, counties with 
high rates of NH3-N and industrial COD discharges were mostly in 
the western region. In general, the discharge intensities of industrial 
pollutant followed industrial output values with particular reference 
in regions such as Yanzhou, Tengzhou, and Rencheng. Conversely, 
entire industrial output was considerably greater, while industrial 
pollutants discharges were lower in the Luozhuang District and 

Zoucheng, while the opposite event in certain outside regions. In 
2010, the association between industrial output values and discharges 
of industrial wastewater was examined using a correlation analysis 
at the county level that revealed significant correlation values of 
0.01. Again, a significant correlation existed between the quantities 
of industrial wastewater, industrial output value and industrial COD 
discharges (that is, 0.614 and 0.312 correlation indices respectively) 
as depicted in Table 1. The construction materials are considered 
as high-energy-consumption/low-output/high pollution industries; 
textiles, electric power, and petrochemical are considered as high-
energy-consumption/high-output value/high-pollution industries; and 
the medical manufacturing and mechanical sectors are low-energy-
consumption/high-output value/low-pollution industries. The food 
processing industry contributed 11.4 % of economic production, and 
23.55% and 26.05% of COD and NH3-N discharges respectively. 
Also, it was found that no significant correlation existed between 
the quantity of industrial NH3-N discharge and value of industrial 
output. The GDP per capita of the HRBSP and the four cities situated 
nearby (that is, Heze, Zaozhuang, Jining and Linyi) is expressed as the 
economic factor, and the industrial wastewater discharge is expressed 
as the industrial load factor. 

Table 1 Correlation between pollution load and industrial output in Huai River Basin and Shandong Region (Guoyong, Qiuhong, & Scott, 2015)

 
Industrial output 
value Wastewater Industrial COD Industrial NH3-N

Industrial output value 1 0.614** 0.312* 0.233

Wastewater discharge 0.614** 1 0.813** 0.592*

Industrial COD 0.312* 0.813** 1 0.755**

Industrial NH3-N 0.233 0.592** 0.755** 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level

According to,33 GDP per capita in the HRBSP revealed speedy 
progression between 2001 and 2010 because the regression curve 
grew steadily but flattened later, particularly during periods exceeding 
2008. The Zaozhuang and Jining cities experienced innovative 
economic growth that generated greater industrial wastewater 
discharges as against Heze and Linyi cities. The regression curves 
for the Zaozhuang and Linyi cities compressed. The regression curve 
fluctuation for Jining city decreased, which showed signs of a rebound 
after 2004 and but gradually improved, whereas the regression curve 
for the Heze city rose abruptly. The GDP of the four prefecture-level 
cities improved suddenly at 18.2 % per annum, which indicates the 
speediness of economic growth, particularly in the Heze city that 
has the fragile economic grounds in Province of Shandong. At the 
beginning stages of economic growth, industrial water pollution 
treatment investment could be negligible. During early stages of 
industrialization, the primary industries were trailed by secondary 
industries. Results of industrialization led to a greater percentage of 
secondary industries as against primary and tertiary industries. The 
decline of primary industries by less than 20 % was matched with 
the corresponding secondary industries though surpasses tertiary 
industries, which was known as mid-stage of industrialization 
process. Whereas primary industries drop to nearly 10 % which led to 
the amount of secondary industries reaching its highest; at advanced 
stage of industrialization, the amount of secondary industries turn out 
to be comparatively steady or slightly dropped. The supremacy of 

tertiary over secondary industries gave rise to the emergence of the 
post-industrial phase.33,34 In 2010, it was estimated that the GDP of 
the HRBSP was put at 810.14 billion Yuan. The primary, secondary, 
and tertiary sectors contributed 11.32%, 50.23%, and 38.46 % of the 
industrial arrangement in the study area, with respect to industrial 
outputs valued at 100.71, 430.77, and 278.66 billion Yuan. The 
magnitudes of the three sectors within the study area were 9.2: 54.2: 
36.6. The environmental quality is a primary factor on structure 
of industry. When industrialization is mid-stage, heavy industries 
have larger influence on the environment when put-side-to-side 
with agriculture, because of greater utilization of natural resources 
and speedy increases in waste creation. In fact, this leads to quick 
deterioration on quality of environment. In 2010, the water quality 
was Grade IV at 10 monitoring sites (1–3, 5–8, 11, 12, and 14), Grade 
V at Xiangzimiao, and lower than Grade V at two monitoring stations 
(Dongshifo and Xishifo). The water quality at these stations was short 
of regulatory standards on water quality goals. The water quality at 
state-run monitoring stations improved gradually between 2006 and 
2010. Even if, it has been impossible to attain the requirements for 
water quality at these stations, local governments have delivered 
guidelines and made rigorous efforts to enhancing conditions of water 
quality.

Huia river basin water resource management efforts

There are several efforts to manage water resource in Huai River 
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Basin as follows:

a. Water vapour sources and changing laws of the climate

Terrain is considered a great influence on the water vapour 
transfers. Water vapour is the material foundation of precipitation. 
Again, there is a significant correlation between precipitation and 
exterior water vapour transfer and convergence. Therefore, efforts 
can be focused on understanding the changing laws and climate 
mechanisms and hydrological factors under the weak water vapour 
convergence situations of the arid northwest region in order to analyse 
water vapour transfer and sources. In the works of,35,36 it was found 
that polar ice ocean systems and westerly weather systems are the 
foremost sources of water vapour transfer to northern and southern 
Xinjiang in northwest region of China. More so, the Hexi Corridor in 
the eastern region of Northwest China is greatly inclined to subtropical 
weather systems such as the southwest monsoons and the East Asian 
monsoon.37,38 reveals that strong Western Pacific Subtropical High 
and North American Subtropical High deepen the Indian-Burma 
Trough. Therefore, western airflow from the Indian Ocean, southern 
airflow from across the equator, and eastern airflow from the southern 
region of the Western Pacific Subtropical High join to form southeast 
and southwest flows respectively. The two airflows converge to 
supply a warm, moist airflow to the arid northwest zone giving rise 
to extra precipitation, or on the contrary, to a smaller amount of 
precipitation. It can be seen, then, that change in the strength of these 
atmospheric pressure systems and their relationship regulates the 
rate of water vapour transfer towards the arid Northwestern region 
and the spatio-temporal spread of precipitation over the region. This 
is used quantitatively estimate the amount of contributed by each 
water vapour path to the arid region. This is important for thoroughly 
analysing the varying law of precipitation, the incidence and extent of 
extreme hydrological actions.

b. Reinforcement construction of a non-engineering system and 
convert the transfer to flood management from flood control

One main component of the flood control system that requires 
reinforcement is the non-engineering component. Presently, the non-
engineering flood control system primarily composed of the Yishusi 
flood control communication system, the mainstream microwave 
communication system, and the hydrological telemetry system 
installed the upstream of Zhengyangguan. The data collection, 
transmission, processing, forecast and dispatch system, which 
is located at the Yangtze River Commission and associated four 
provincial water resources bureaus. This entire setup has been 
linked to the National General Headquarters for Flood Control. 
The Drought Relief Headquarters, Office of State Flood Control, 
the Huai River Flood Control and Drought Relief Headquarters 
and other relevant government offices different levels make up the 
nationwide flood control and drought relief command organization 
system. Subsequently, there is continually support the information 
system for water conservancy, enhance the accuracy and precision of 
flood scheduling and forecasting, fast track water data gathering and 
transmission by means of the engineering countermeasures and expand 
the flood risk prediction, and the effectiveness of the present project. 
Disaster mitigation and flood control continues to pose enormous 
challenge to sustainable growth of the 21st century China. To achieve 
the harmonious cohabitation of nature and people, there is need to 
particularly fine-tune the flood control and disaster mitigation policy. 
All efforts towards disaster alleviation and flood control should follow 
the natural rules, upgrade from flood control to flood management, 

building of a comprehensive flood control and disaster mitigation 
system geared towards fostering peace between nature and humans, 
and to bring together of engineering and structural procedures. 
Aside flood prevention schemes, people need to change their 
behaviour through the efficient natural resources usage and reducing 
environmental pollution. More so, the need for people to respect flood 
right of ways cannot be over emphasized as well as upgrading to 
flood management rather than the flood control currently obtainable. 
The Huai River is exceedingly multifaceted. The prevalence of high 
occurrences of flood disasters is attributed to the special climatic 
features, conditions of geography, social conditions and the long-term 
impact of being captured by Yellow River. The instability of river-lake 
interconnection and socioeconomic progress persistently throws up 
fresh concerns and review of existing requirements. The appreciation 
of the River takes time and slowly enlightening practise. In the future, 
planning of the River should be able to take in innovations of the 
science and technology, deployment of fresh technologies and new 
approaches, regularly upgrade the perception of the central principles. 
In this regard, focus is to be given to the research and appreciation of 
the flood-waterlog and river-lake relationships. It is highly important 
to bind measures with socioeconomic progress, and meet the terms of 
the basic law of the river itself.39

Land-use changes
40revealed that the prevailing land-use kinds of the Xixian 

watershed were forestland and farmlands as presented in Table 2. 
These contributed around 97.5 % and 98.34 % of the whole zone 
between the periods of 1980 – 1995 correspondingly. During the 
period of review, two leading farmland types exist: paddy field and 
dry land until a major change to land-use patterns for years (1980 – 
1995), which is mixture of the two farmland types. Put side-by-side 
with 1980, paddy field enlarged by 1062.07km2 (that is, 10.33%), and 
dry land shrank by 1223.32km2 (that is, 11.89%) of the whole zone. 
Similarly, forestland improved by 245.27km2 which (that is, 2.38%) 
of the whole land mass. However, many modifications to land-use 
are inconsequential as depicted in Figure 1. The land-cover mass and 
changes in Xixian watershed for the 15 years (1980-1995) in terms of 
land-use practice are presented in Table 2. Soil and Water Assessment 
Tool (SWAT) is a basin-scale, physically based, continuous-time, 
spatially scattered scheme that functions on a daily time step with 
the capability to forecast the management effect on water, agricultural 
chemical yields, and sediment in watersheds. SWAT is capable of 
modelling the physical processes related to nutrient cycling, water 
flow, sediment transport, growth of crop, etc. To achieve this, a 
watershed is allocated into numerous subwatersheds, which are 
further subdivided into hydrologic response units (HRUs) made up 
of homogeneous land-use, soil characteristics, and management. The 
HRUs depict portions of the subwatershed zone, but unidentified 
spatially within a SWAT model. Otherwise, a watershed can be 
segmented into only subwatersheds characterized by dominant land-
use, type of soil, and management.
Figure 1 Land cover and soil maps of Xixian Basin upper of Huia River 
Basin.40

The SWAT scheme has been deployed on a number of watersheds’ 
varieties and sizes.21-28 assess the effects of implementing of superlative 
management practices on pesticide fluxes arriving on surface water 
by means of SWAT. Again,29 appraised the influences of land-cover 
conversion on total water yields, groundwater flow, and fast flow 
in the Motueka River catchment using SWAT scheme.30 estimated 
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the SWAT for hydrological modelling in the Xixian watershed and 
compared results with the XAJ model. Whereas,31 applied the SWAT 
in a Tile-Drained lowland area to determine the influence of tile 
drainage systems on composition of stream flow.

Figure 1 Land cover and soil maps of Xixian Basin upper of Huia River 
Basin.40
Table 2 Land-cover area and changes in Xixian watershed (1980-1995)
Land-
use 1980 1995  1995-1980

 Area 
(Km2)

(%) Area 
(Km2)

(%) Area 
(Km2)

(%)

AGRC 4340.65 42.20 3117.33 30.31 -1223.32 -11.89

RICE 1736.56 16.88 2798.63 27.21 1062.07 10.33

FRST 3953.82 38.44 4199.09 40.82 245.27 2.38

RNGB 56.02 0.54 7.57 0.007 -48.45 -0.47

URHD 144.59 1.41 121.88 1.18 -22.71 -0.23

WATR 54.5 0.53 41.64 0.40 -12.86 -0.13

Modelling of causal factors effects on water resources 

Sodium Adsorption Ratio (SAR) is used to estimate and assess 
the suitability of water provided by River Basins considered for 
the purpose of supporting irrigation farming. SAR combined EC 
to determine the hazard in respect to magnesium and calcium 
concentrations as given by Equation 1:2

  
( )2 2

  
 

Na

Ca Mg

m
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m m

+

+ +

=
+

   (1)

Where,

 depicts the ion concentration (in mmol/L)

The amount of concentration in soluble salts in irrigation water 
(EC) can be classified as salinity zone:

Low, 250µS/cm; 

Medium, 250 –750µS/cm; 

High, 750 –2,250µS/cm; 

Very high, 2,250 –5,000µS/cm.

In irrigation water quality, the percentage of sodium is estimated 
by Equation 2 (Wilcox, 1995):
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Units are meq/L.

Mann-Kendall rank test is a non-parametric distribution-free 
method suitable for detecting changes trends runoff series with least 
assumption for data series.40 It can be estimated by Equation 3:
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U is the Mann-Kendall rank test index (M-K value). Under the 
NULL hypothesis of no trend, the value of n increases which can be 
represented comparable to standard normal distribution as given by 
Equation 5:
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When the calculated value of M-K is positive or negative; then the 
trend is an upward or downward correspondingly. The null hypothesis 
is rejected at the significance level of ∝  if /2 U U∝≥ , where /2U∝  is 
the critical value of the standard normal distribution with a prospect 
surpassing /2∝ . If /2 U U∝< , the null hypothesis is accepted 
representing insignificant trend. The value of /2 1 .96 U∝ = is obtained 
for the significant level  5%∝= .

The Variable Infiltration Capacity (VIC) model is used to measure 
the prospective effect of climate condition variations on water 
resources of the study area.41−43 The VIC model breaks down a study 
area into several compartments, and the soil column of each component 
into three layers. In most situations, the topmost two layers can be 
combined into one layer in order to represent the dynamic response 
of soil to rainfall happenings. The seasonal soil moisture behaviour is 
characterized by the soil lower layer. The base flow and surface flow 
are used to calculate the total runoffs. Surface flow consist saturation 
excess flow and infiltration excess flow created in the two top layers. 
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The soil storage capacity distribution curve and infiltration capacity 
curve were used to illustrate soil properties heterogeneity. The B 
exponents’ power functions are shown as double curves while, ARNO 
technique depicts lowest layer where base flow happens.44 Again, the 
soil moisture vertical measure is achieved with the Richard’s one-
dimensional equation.45 To estimate effect of climate on the River 
Basin in terms of a physical quantity, the amount of soil wetness or 
dryness available is used. In the long run, soil moisture anomaly may 
illustrate random precipitation on the land surface, which determines 
growth of crops and the progress of drought events.46 In effect, soil 
moisture is important for agricultural drought and drought monitoring 
expressed by Equation 8:47 

      

 
  100%
z z

SMAPI
z

−
= ×    (8)

Where,

z  is the soil moisture content (mm) daily simulated,

z is the multiyear average of soil moisture content (mm).

The classification of drought levels with SMAPI makes use of 
frequency distribution. The threshold of -5% and lower indicates 
a severe drought situation around the study area.37 investigate the 
relationship between metrological factors and daily normalized 
difference vegetation index (NDVI) given by Equation 9:48‒57
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Where,

ab
r is the correlation coefficient between a and b,

a  is the meteorological factors 

b  is NDVI values if distinct grades of winter crop growth. 

The significance level  ( 0.05)P <  is used for hypothesis testing.

Conclusion
The problem of water cycle and distribution in areas bounded by 

Huia River Basin are common features in local and regional scales. In 
this arid northwest region, water resources are a key factor restricting 
socio-economic development and affecting ecological security, and 
plays a significant function in attaining sustainable socio-economic 
development in the imminently. Certain factors attributed in the 
area are land use, land cover and climate change. One significant 
developmental component of Huai River is the agriculture in upper 
reach known as Xixian Watershed, which is undergoing a serious 
change in style of cultivation style resulting in major land use 
modifications in nearly 30 years. There are unprecedented increases 
in the annual temperature trend in Huia River Basin regions/
catchment, while annual rainfall is relative stable over the period. 
Several research concerning quality decision making and policy 
breakdown of land management under climate change have separate 
and quantify the effect of each factor in relation to availability of 
portable water. Consequent upon impact of global temperature rises, 
the arid northwest region relies on mountain precipitation and glacial 
melt water as the basic source of water resource system, which is 

enormously fragile due to unabated progression in hydrological 
activities. There is higher insecurity concerning water resources, the 
customary rules guiding the water cycle changes and demand in eco-
water. The increases in socio-economic development’s water demand 
is largely attributed to increase the population, which continues to 
impact on the water resource availability and deepening scarcity. 
Furthermore, Northwest China’s Huia River Basin is the cause of a 
number of chief international rivers and uncertainty of water resources 
occasioned by climate change continues to raise tensions among 
Central Asian nations. The Soil and Water Assessment Tool (SWAT) 
has deployed prominently for modelling the physical distribution of 
hydrology of HRB to ascertain the influence of land use and climate 
changes independently. The watershed method has largely been used 
for this study the effects of climatic conditions and human activities 
on water resources; though, it is limited by the constant modification 
to land use patterns usually smaller in large catchments than in small 
watersheds.
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