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Abstract

Human activities have become one of the most crucial factors of the natural water cycle. This research is to assess the impact
of human activities, especially land use and vegetation changes on the natural hydrological factors in the Loess Plateau Region
(LPR), a region suffered the most severe soil erosion over the world. From 1999 the water conservation project, forest and
grass land increased significantly to replace most of the field land to more than 25%. three stations at the watershed are used to
analyze water cycle parameter changes. Climate and land use data are divided into three parts and thus nine cases for
simulation. The model calibration shows good accuracy of HO8 used in the region.

1. Introduction

Rapidly expanding human activities have profoundly affected various biophysical and biogeochemical processes of the Earth
system over a broad range of scales, and freshwater systems are now amongst the most extensively altered ecosystems
(Carpenter et al. 2011). Apart from urbanization, human activities also apparently altered the natural water cycle, with both
positive and negative impacts simultaneously. So, it is significant to assess the effects of human activities as a way of nature
environment protection project.

So far, various researches about the relationship between water and the environment as well as human activities have been
carried out. For example, Gorman (2015) found climate change increased the runoff in Mississippi River Basin and Hanasaki
(2014) pointed out that the role that forest plays depends on specific catchment and so on. However, most are focus on climate
change; for land use changes the dominant point lies on urbanization and deforestation, human-induced afforestation is rarely
being researched. Therefore, this research aims using land surface model to physically simulate the water cycle changes under
human afforestation at large watershed scale.

2. Materials and Methods

2.1 Data Preparation

We used the downscale daily climate data in 5-arc minute resolution from three observation datasets provided by HO08
(Hanasaki, 2008): 1) the Water and Global Change (WATCH) forcing data for 1980 —1989 (hereafter H for history), 2) the
Second Global Soil Wetness Project for 1996 — 2005 (hereafter P for past), 3) the WATCH Forcing Data methodology applied
to ERA-Interim data for 2005 — 2014 (hereafter C for current). DEM data and River discharge data from three observation
stations (Figure 1) in the Loess Plateau Region were obtained from National Earth System Science Data Sharing Platform
(NESSDSP) and used to calibrate and validate the models.

The LPR is one of the most severe soil erosion area. Chinese government started its water and soil conservation project by
reducing the area of field crops into forest. Land use data of 1985, 2000, 2012, were obtained from CGSSP (Figure 2).

Table 1. Details of nine simulation

Data Data Data

Case Climate  Land Use Case Climate  Land Use Case Climate Land Use
H-H 1980-1989 1985 P-H 1996-2005 1985 C-H 2005-2014 1985
H-P 1980-1989 2000 P-P 1996-2005 2000 C-P 2005-2014 2000
H-C 1980-1989 2012 p-C 1996-2005 2012 C-C  2005-2014 2012
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Figure 1. Land use in LPR of 1985, 2000, and 2012
2.2 Analysis Methods

A land surface model called HOS8 is used to analyze water cycle under different land use scenarios in the LPR. This module is
based on a bucket model (Manabe, 1969) with improvements. The soil water balance and runoff were expressed as follows:
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Where Qs is the snow melt rate; Q; is the surface runoff, O is the subsurface runoff, 7 is a time constant and the y is a shape
parameter. (Hanasaki, 2008) Nine simulation will be conducted in this research as shown in table 1.
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2.3 Model Calibration and Calibration

Observed daily discharge of three stations in the LPR was used for model calibration. Parameters of the HO8 model that are
susceptible to river discharge and related to land use (Mateo et al., 2012) are soil depth (SD), bulk transfer coefficient (CD),
time constant for daily maximum subsurface runoff (t), and a shape parameter (y) that is related to subsurface flow (Hanasaki
et al., 2014). The model can be calibrated by changing the values of the parameters based on land use type and evaluated using
the Nash-Sutcliffe Efficiency Coefficient (NSE). The C-C case of each station is used to calibrate the model. By changing the 4
parameters to find the optimal match of the parameter sets. Another two cases were used for model validation.
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Figure 2. Model calibration (Left) and validation (Middle and Right) of three stations
4 . Results and discussion

As shown in figure 1, forest and grassland increased significantly while crop field dramatically decreased because of the Water
and Soil Conservation Project. By calculation, the total ratio of forest and grassland increased from 53% to 80% while field
crops deceased from 33% to 12%.

Figure 2 shows the result of model calibration and validation. The NSE of each station is 0.84, 0.78, 0.88, which means the
HOS8 has high accuracy when applying to LPR. Then the optimized parameters were used to validate the model by using past
and history cases. As shown in the middle and right part of figure 2, the simulated results match the observation data.

Currently, the simulation of first stage of C-C case is being conducted. The result shows that by government’s Water
Conservation Project the discharge at the land use of 2012 is both delayed and declined in comparison of that at the land use of
2000 and 1985.

5. Conclusion

(1) Human-induced afforestation have exerted great changes in the land use pattern of the LPR. Forest and grassland have
greatly replaced the crop fields which used to be the dominant land use type.

(2) The simulation of 3 selected stations shows satisfactory accuracy in calibrating the models, which means it can be applied
to simulate the water cycle in the studied area. The H-H and P-P case also shows high consistence in the model validation
process and governance of further simulations.

(3) The human-induced transition from field crops to grass and forest increase the ability to constraint the water resource and
thus can decrease as well as delay the flood peak in the research region.
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