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Vegetation dynamics and its impact on runoff in the
Hekouzhen-Longmen region of the middle reaches
in the Yellow River from 1980 to 2016

ZHANG Jianmei' , MA Xieyao?, 1.1 Yanzhong?

(1. School of Atmospheric Science, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. School of Hydrology and Water Resources, Nanjing University of Information Science and Technology , Nanjing 210044 , China)

Abstract: The Hekouzhen-Longmen region of the middle reaches in the Yellow River is a key and typical area for the implemen-
tation of the Grain for Green Project (GGP) in China. It is of great significance for the sustainable utilization of water resources
and the eco-hydrological effect assessment of the GGP project to quantitatively evaluate the vegetation dynamics and its impact
on runoff in the basin, Based on remote sensing, GIS technology, mathematical statistics, and Budyko framework, the spatial-
temporal change pattern of vegetation cover and its impact on runoff change is quantitatively evaluated using different vegetation
type data of seven periods in the Hekouzhen-Longmen region for past 37 years. The results indicate that; 1) the change in vege-
tation do not significantly change the temporal and spatial distribution pattern of each vegetation type in the Hekouzhen-Long-
men region;2) the implementation of the GGP change the equilibrium status and transformation rate of each vegetation type;3)
vegetation changes are the main driving factor of runoff decline after the implementation of GGP in the last 10 years (2000~
2010), but the subsequent continuous increase in precipitation make the "water reduction effect”" of vegetation tend to ease.

Key words: middle reaches of the Yellow River; the Hekouzhen-L.ongmen region; vegetation change; Grain for Green Project;

contribution to streamflow

Vegetation change, as one of the main forms of northwestern region with mountains and rivers”,

land use/cover change (LLUCC), can affect the re-
distribution of water and energy. In recent years,
regional and global scale vegetation changes have
been widely concerned and reported-'*), especially
the changes in vegetation caused by severe human
activities have produced relatively severe variations
in terrestrial water resources distribution patterns,
water cycle processes and carbon cycles*. In or-

der to achieve the goal of “rebuilding a beautiful
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our government has implemented several vegeta-
tion restoration projects among which the Grain for
Green Project (GGP) implemented in 1999, is the
largest vegetation restoration project executed in a
developing country. The implementation of this
project has a direct impact on regional and national
scale vegetation changes and sustainable use of re-
sources and the environment™. Therefore, quanti-

tative assessment of the impact of GGP implemen-
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tation on vegetation dynamic and pattern, as well
as the influence of vegetation change on runoff al-
teration,may help to better understand the ecologi-
cal and hydrological effects of vegetation and to
formulate ecological restoration measures.

The middle reaches of the Yellow River are lo-
cated in the semi-arid and semi-humid transition
zone of China. The soil and water loss, flood disas-
ters, and deterioration of the water environment
are more serious in the region. It is a key area for
vegetation restoration projects. Many scholars have
studied the changes of vegetation in the middle rea-
ches of the Yellow River. For example, Liang Wei
et al. ") analyzed the land use changes in the sandy
and coarse areas of the middle reach of the Yellow
River using remote sensing images from 1975,
1986, and 1997. They found that cultivated land,
forestland, and grassland are the leading type of
land use change before the implementation of
GGP. Li Gun et al. ') used the land use data for the
years 1977, 1997, and 2006 to investigate the
change rate of farmland, grassland, forestland, un-
used land,and their transfer rates. The change rate
and transfer rate of land, forestland and unused
land are greatly affected by the policy of returning
farmland to a forest (grass) ,among which the for-
estland area continues to increase, the cultivated
land and unused land decrease, and the grassland
first decreases and then ‘increases, respectively.
Zhou Decheng et al. '*! used the LUCC data from
1978-2010 to study the influence of GGP on all
kinds of areas in Ansai County, Hekouzhen-Long-
men region and found that GGP developed an un-
balanced situation in the study area. The cultivated
land first increased and then decreased, the forest-
land decreased and then increased, while the shrub-
land and grassland decreased. Liu Changming et
al. ) found that leaf area index (ILAD) and normal-
ized vegetation index (NDVD of 11 sub-basins in
the middle reaches of the Yellow River increased in
2000, with the most significant change in the Hek-
ouzhen-Longmen region. However, the quantitative
analysis of vegetation patterns in 2000-2015 is rela-
tively weak in the middle reaches of the Yellow

River, especially the significant vegetation change

+ 100 « KX KK B

in the Hekouzhen-Longmen region. Scholars have
also carried out a lot of research work for impact
assessment of vegetation change on runoff in the
middle reaches of the Yellow River. For example,
Liu Changming and Zhong Junxiang"'”! found that
the increase of forest in the middle reaches of the
Yellow River reduced the annual runoff, decreased
the flood flow, increased the groundwater runoff,
and thus changed the process of runoff distribu-
tion. Cao et al. " believed that large-scale affor-
estation activities may exacerbate water shortages
in semi-arid and semi-humid areas, and eventually
lead to a reduction in afforestation survival rate and
vegetation coverage. Chen et al.'* documented
that if the vegetation in the Loess Plateau contin-
ues to change, the available water resources will be
reduced. However, there are few studies regarding
the effects of vegetation changes on runoff in the
key areas of the vegetation restoration project-
Hekouzhen-LLongmen region, especially after 2010.

Based on aforementioned context, this paper
selects the Hekouzhen-Longmen region as the
study area and uses the 7 periods of land use data
(the late 1980s to 2015), and hydrometeorological
data such as precipitation and runoff to conduct a
dynamic analysis of the spatial distribution pattern
of vegetation, quantitative assessment,and analysis
of the contribution of vegetation changes to runoff,
aiming to reveal the temporal and spatial distribu-
tion of vegetation in the study area. In order to un-
derstand the dynamic process of vegetation change
in the middle reaches of the Yellow River and pro-
vide a reference for the evaluation of the effect of
GGP, this paper quantitatively assesses the impact
of GGP on the direction, change rate, and trend of
vegetation changes in the Hekouzhen-LLongmen re-
gion, and clarify the effects of vegetation changes

on runoff,
1 Research area and method

1.1 Opverview of the study area

The study area is situated in the Hekouzhen-
Longmen region, namely, the area from Hekou
Town to Longmen. The catchment area is 11.2

thousand km?, accounting for 14. 8% of the total
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drainage area of the Yellow River. This area is lo-
cated in the semi-arid and semi-humid transition
zone of China, belonging to the temperate conti-
nental monsoon climate. The precipitation decrea-
ses from the southeast to the northwest with sig-
nificant spatial distribution differences and uneven
seasonal distribution. It is mainly concentrated in
June to September, making the Hekouzhen-Long-
men region a most severe soil erosion region of the
Yellow River basin''*'*!. The average annual rain-
fall in the area is about 451, 7 mm and the evapo-
ration measured by the pan evaporation is about
1 500 mm, respectively''®’. The hills are widely
distributed, the terrain is high in the north and
west and low in the south and east, low in the
middle, and the altitude is mostly between 1 000-
1 500 m.

1.2 Data

In this paper, the data of vegetation types of
seven periods from the late 1980s, 1990, 1995,
2000,2005,2010, 2015 with a spatial resolution of
1 km are obtained from the data-sharing center of
the Institute of Geosciences and resources, Chinese
Academy of Sciences Chttp://www. resdc. en/).
According to the characteristics of the vegetation in
the study area and the differences in landscape
changes, referring to the "Technical Specifications
for the Investigation of Land Use Status", the land
use types are recombined and divided into 9 types
such as cultivated land, forested land, shrubland,
sparse forestland, other woodlands, high coverage
grassland, medium coverage grassland, low cover-
age grassland,and other land use,

Meteorological data such as precipitation, tem-
perature and wind speed for the period of 1980-
2016 are extracted from the National Meteorologi-
cal Information Center of the China Meteorological
Administration (http://data. cma. cn/). The annu-
al runoff data from 1980 to 1997 is obtained from
the monthly runoff data compiled by the National
Hydrological Yearbook, while the annual runoff
data from 1998 to 2016 is extracted from the
Yellow River Water Resources Bulletin Chttp://
www. yellowriver. gov. cn/other/hhgb /). In order

to eliminate the impact of human activities (field

irrigation, industry, residential life, urban public,
etc. ) in the runoff,in this paper, the reduction run-
off that ignores the impact of human activities is

used 17,

1.3 Research methods

1. 3. 1  Quantitative model of vegetation

change

The spatial analysis module in ArcGIS 10. 2
and ENVI 5. 3 is used to perform the statistical and
the overlay analysis for the 7th periodical vegeta-
tion types. The dynamic change degree and the
vegetation cover change in the Hekouzhen-Long-
men region are analyzed based on the area transfer
matrix of each vegetation type for the last 35
years. The main indicators involved in the model
are as follows "'
N., T., P,, and R, are the net change, total

change trend, state index and net change rate of

single vegetation type, respectively.
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S.sS,s P,y and R, are the net change, total
change, trend and status index,and net change rate

of the total vegetation area, respectively.
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where U, and U, are the areas of a certain vegeta-
tion type at the beginning and end of the study pe-
riod; U,y 1s the sum of the areas of a certain vegeta-
tion type converted to other vegetation types dur-
ing the study period; U, is the sum of the area of
other vegetation types transformed into that vege-
tation type in the same period; U, and Uy are the
areas of the i-th vegetation type at the beginning
and end of the study period;U,,; is the sum of the
area of the i-th vegetation type changed to other
vegetation types during the study period;U,,; is the
sum of the areas of vegetation types changed into
type 7;n is the total number of vegetation types; T
is the study period.
1.3.2 Mutation points detection and poten-
tial evapotranspiration calculation

The non-parametric Mann-Kendall method is
used to detect the mutation points in the runoff
time series. This method is a commonly used meth-
od to test non-parametric statistics. It can test line-
ar or non-linear trends and is often used for the
change analysis of hydrological and meteorological
variable series'®),

The potential evapotranspiration is obtained
using the reference crop evapotranspiration calcula-
tion method™;

900

where ET, is the daily potential evapotranspiration

+VPD

ET,= (9

(mm/d) ,A is the slope of the temperature-saturat-
ed water vapor pressure curve (kPa/C),R, is the
net surface radiation (MJ/(m? * d)),and G is the
soil heat flux (MJ/(m® + d)),y is the wet and dry
bulb constant (kPa/C), T, is the average daily
temperature ('C) at a height of 2 m,and u, is the
wind speed (m / s) at a height of 2 m, VPD is the

water vapor pressure difference (kPa).
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1.3.3 Quantitative model for vegetation im-
pact on runoff

The elastic coefficient is defined as the ratio of

the change rate of the dependent variable to the

change rate of the independent variable and is often

used as the sensitivity index of one variable to an-

other®®?4_ The elasticity of runoff to other factors

can be expressed as;

AR/R7_OR ., x
Ax/x}_ar ><R (10)

where E, is the elastic coefficient; R is the runoff;x

E = lim[

Ar/x

is a specific factor, such as precipitation, potential
evapotranspiration, etc.

For a closed watershed, the actual evapotrans-
piration ET, can be estimated by the water balance
equation.

ET,=P—Q—AS (1D
where ET, is the actual evapotranspiration (mm) ;
P is the precipitation in (mm) ,and is the change of
soil water storage (mm). For a longer time scale
(more than 5 years) ,the change in soil water stor-
age is considered unchanged (i. e., AS&0), and
formula (11) can be simplified as;

ET.=P—Q (12)

The long-term actual evapotranspiration ET,
can be estimated by Budyko's theoretical method.
which has been used as an effective means to assess
the correlation and feedback of climate and under-
lying surface changes??. The most widely used
model is Choudhury-Yang!*?/ .

P« ET,
(Pn +ETOJ ) 1/n

where P is the precipitation; n is a parameter re-

ET,= (13

flecting the characteristics of the underlying sur-
face of the watershed, such as terrain, landform,
soil,and vegetation. The study found that when the
topography and other factors change a little, the
parameter n is closely related to vegetation

change!?"

,and can be estimated by vegetation in-
dex. Runoff change can be regarded as the total dif-
ferential of precipitation, potential evapotranspira-
tion and underlying surface parameter n, while the
contribution of vegetation to runoff change (Cr_n)

can be expressed as:

Cr_n=e, A?nR (14)
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_In(Q+¢g)+¢'Ind+¢ ™
€ n[(1+¢n)_(1+¢n)l/n+1]

where ¢, is the elastic coefficient of runoff to the

(15

underlying surface parameter o= ET,/P.
2 Research results

2.1 Spatial distribution of vegetation dy-
namics

Fig. 1 shows the spatial distribution of vege-

tation in the 7 periods from 1980 to 2015 in the

Hekouzhen-Longmen region, while Fig. 2 lists the

() 0

[ g) 1085

statistical information of the area proportion of
each vegetation type. It can be seen from Fig. 1
that there is no significant spatial difference
among vegetation types in different periods in the
study area. The statistical information in Fig. 2
revealed that the largest vegetation types in each
period of the entire study area are cultivated land
(range of 31.0% to 32.3%), followed by low-
coverage grasslands (19.4% to 21.8%) and medium-
coverage grasslands ( 18. 9% to 23. 8%) ,shrub forest
(7.5% to 8.1%) ,high-coverage grassland (3. 4% to
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Fig. 1 Spatial distribution of LUCC in the Hekouzhen-L.ongmen region of the middle reaches in the Yellow River during 1980-2015
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Fig. 2 The percentage of each vegetation type in the Hekouzhen-

Longmen region of the middle reaches in the Yellow River

3.8%) ,and sparse woodland (2. 8% to 3.3%) ,re-
spectively. The smallest vegetation types are for-
estland and other woodlands (change range is
2.3% to 3.7%). It is concluded that GGP does not
significantly change the spatial distribution pattern
of vegetation types.

2. 2 Quantitative assessment of vegetation

changes

The implementation of GGP has altered the
change rate and balance of the vegetation types in
the river basin. According to Tab. 1,before the im-

plementation of GGP, the trend state index P, of

KXKFER + 103 ¢
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each vegetation type is small in the three stages
(1980-1990, 1990-1995, and 1995-2000) , indicating
that each vegetation type is in a dynamic equilibri-
um state. The total change of cultivated land, for-
estland, and grassland is large (T, is greater than
100%9) ,but the quantity has not changed greatly,
which shows that the three types of vegetation are
relatively violent in spatial conversion, mainly due
to the continuous large-scale reclamation of forest-
land and grassland as farmland, which results in
the form of soil fertility decreases with the increase
of the cultivation period™**.

Likewise,after the implementation of GGP,in
the three periods (2000-2005,2005-2010 and 2010-
2015) , the absolute value of the trend state index
P, of each vegetation type increased from 2000 to
2010, indicating that each vegetation type is domi-
nated by one-way conversion,showing an extreme-
ly unbalanced state, especially cultivated land and
other woodlands. After 2010, the trend state index
P, of each vegetation type decrease, indicating that
one-way conversion becomes weak,and the vegeta-
tion conversion has stabilized. From 2000 to 2005,
the cultivated land is mainly converted to other
woodlands and high-coverage grassland. Similarly,
from 2005 to 2010, the cultivated land area is grad-
ually reduced, indicating that the implementation
effect of GGP is significant. From 2000 to 2005,
other woodlands increased significantly, and the
change rate decreased significantly from 2005 to
2010, but it is still showing an extremely unbal-
anced situation,because the area is increased stead-
ily,and then gradually becomes stable. From 2000
to 2005, the forestland, sparse forestland and shru-
bland are mainly transformed from low-medium
coverage grassland. After 2005, the area decreased
gradually, but the total change is small (T, was
0.14%—2.66%). The total reduction of grassland
is smaller than that before the implementation of
GGP, indicating that the reduction of the grassland ar-
ea has been curbed. In the early stage, the high-cover-
age grassland developed in the direction of increasing
scale and is in an unbalanced situation. The cultivated
land is mainly transformed into this type. In the later

stage,it tended to be stable,with frequent bidirectional
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conversion and P close to 0. The grassland with low
and medium coverage is in a decreasing trend as a
whole,and it is mainly converted to other land use, but
the total change is not large.

For the entire research period (1980-2015),
the cultivated land area decreased significantly
(aboutl 012 km?, N. = — 2. 84%), mainly conver-
ted to other woodlands, high coverage grassland,
and other land use. The forestland increased signif-
icantly, especially the other forestland increased
the most. The net change rate is fastest (R, =
4.22%) ymainly from the cultivated land and medi-
um coverage grassland, shrub and sparse forest-
land. It is mainly transformed from medium cover-
age grassland. The grassland with medium cover-
age decreased significantly ( approximately 986
km?,N.=—4.46%) , the grassland with high cov-
erage and grass with low coverage is in equilibrium
(P,<C0. 25) ,and the grassland with medium cover-
age is mainly converted into the grass with low
coverage and other land use. The results revealed
that the other land use changes are not significant
and are in a state of dynamic equilibrium (P,&0).

It can be seen from the total state trend index
and the composite net change rate (Tab. 2) that
before the implementation of GGP, especially from
1990 to 2000, the conversion rate of vegetation
types is relatively fast (R,=>0.83%),and the mu-
tual conversion is intense (P,<C0.08),and the en-
tire is in a state of dynamic balance. After the im-
plementation of GGP, the conversion speed slow
down significantly (R,<C0.34%),and the conver-
sion of vegetation types is from the unbalanced
state (P, =0.65). It is a quasi-equilibrium state
(P,=0.41),while the one-way transformation be-
tween different types is intense.

In summary, the implementation of GGP
has significantly changed the balance of various
vegetation types in the Hekouzhen-LLongmen re-
gion. Cultivated land is continuously decreasing,
and the initial effect of GGP is most significant.
Forestland is gradually increasing, especially other
woodlands, but the increase rate is slowing in the
later period. The decreasing trend of grassland is

curbed while the other land is becoming stable.
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of the middle reaches in the Yellow River from 1980-2016

Vegetation dynamics and its impact on runoff in the Hekouzhen-I.ongmen region

Tab. 1 Quantitative indicators of changes in vegetation types in the Hekouzhen-Longmen regionof the middle reaches in the Yellow river

Other High Medium Low Other
Period Cultiva  Forestl Shrubl Sparse woodl-  Coverage coverage  coverage land
ted land and and  forestland
ands grassland  grassland  grassland use
Area variation/km? 355 28 —33 —63 15 —110 —58 —81 —65
Net changeN, /% 1. 00 0.98 —0.37 —1.80 5. 54 —2.76 —0. 26 —0.35 —0. 57
1980—1990 Total changeT./% 103.92  103. 96 94.21 133.30 161.99 119. 78 99. 97 103. 64 93. 56
Trend state indexP; 0.01 0.01 0 —0.01 0.03 —0.02 0 0 —0.01
Net rate of changeR, /% 0.10  0.10 —0.04 —0.18  0.54  —0.28 —0.03 —0.04  —0.06
Area variation/km? —37 —621 —397  —359 39 135 4 526 —1253 —2030
Net changeN./% —0.10 —21.55 —4.52 —10.45 13. 64 3.48 20. 55 —5.48  —18.04
1990—1995 Total changeT./% 102.87 122.07 107.75 145.11 175.17 139.78 130. 16 121. 72 88. 90
Trend state indexP 0 —0.18 —0.04 —0.07 0.08 0.02 0.16 —0.04 —0. 20
Net rate of changeR,/% —0.02 —4.74 —0.92 —2.18 2.59 0. 69 3. 81 —1.12 —3.90
Area variation/km? —133 549 508 496 5 —279 —4 769 2615 1016
Net changeN./% —0.37 24. 28 6. 05 16.12 1. 54 —6. 95 —17.96 12. 09 11. 01
1995—2000 Total changeT./% 104.15 161.96 118.31 170.46 172.62  140.48 110. 07 131. 79 108. 75
Trend state indexP; 0 0.15 0. 05 0. 09 0.01 —0.05 —0.16 0. 09 0. 10
Net rate of changeR,/% —0.07 4. 44 1. 18 3.03 0.31 —1.43 —3.88 2.31 2.11
Area variation/km? —1131 125 129 57 718 454 —400 —399 447
Net changeN./% —3.16 4. 45 1. 45 1. 60 217.58 12. 16 —1.84 —1.65 4. 37
2000—2005 Total changeT./% 3. 84 7. 86 2.39 2.32 221. 21 20. 24 4. 61 3.43 7.24
Trend state indexP —0.82 0. 57 0.61 0. 69 0. 98 0. 60 —0.40 —0.48 0. 60
Net rate of changeR,/% —0. 64 0. 87 0.29 0.32 26. 00 2.32 —0. 37 —0.33 0. 86
Area variation/km? —138 2 —4 12 117 2 —2 66 —55
Net changeN, /% —0. 40 0.07  —0.04 0. 33 11. 16 0. 05 —0.01 0. 28 —0.51
2005—2010 Total changeT,/% 0. 48 0. 14 0.13 0. 39 11. 16 0.76 0. 40 0. 49 1. 39
Trend state indexP; —0. 82 0.50 —0.33 0. 86 1. 00 0. 06 —0.02 0. 56 —0. 37
Net rate of changeR,/% —0. 08 0.01 —0.01 0. 07 2. 14 0. 01 0 0. 06 —0. 10
Area variation/km? 72 2 —33 —18 —13 —20 —283 —368 662
Net changeN., /% 0. 21 0.07 —0.37 —0.49 —1.12 —0.48 —1.32 —1.54 6. 23
2010—2015 Total changeT,/% 1.95 2. 66 0.99 2.09 20. 17 6. 30 2.61 2. 30 9.92
Trend state indexP; 0.11 0.03 —0.37 —0.24 —0.06 —0.08 —0.51 —0.67 0.63
Net rate of change R,/ % 0. 04 0.01 —0.07 —0.10 —0.22 —0.10 —0.27 —0.31 1.22
Area variation/km? —1012 85 170 125 881 182 —986 580 —25
Net changeN./% —2.84 2.98 1. 93 3.57 325.09 4. 56 —4. 46 2.53 —0.22
1980—2015 Total changeT./% 6.30 11.95 5.55 7.92 332.47 29.78 10. 87 13.72 29. 67
Trend state indexP; —0. 45 0. 25 0. 35 0. 45 0.98 0. 15 —0. 41 0.18 —0.01
Net rate of changeR,/% —0.08 0.08  0.05 0.10 4. 22 0.13 —0.13 0.07 —0. 01
Tab. 2 Total trend index and composite net change rate of vegetation in the Hekouzhen-Longmen
region of the middle reaches in the Yellow River
Total index 1980-1990 1990-1995 1995-2000 2000-2005 2005-2010 2010-2015 1980-2015
Net change in total area S,/ % 0. 36 4.22 4.65 1.73 0.18 0. 66 1.82
Total change S,/ % 51.45 57.19 58. 44 2. 67 0.31 1. 61 6. 44
Total trend state index P, 0.01 0.07 0. 08 0. 65 0. 57 0. 41 0.28
Total net rate of change R,/% 0. 04 0. 83 0.91 0. 34 0. 04 0.13 0. 05
KX K%K &R o 105 ¢
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2.3 Impact of vegetation change on runoff

Vegetation change mainly affects the water
cycle process of " precipitation-infiltration-evapo-
transpiration-runoff" by changing the underlying
conditions of the watershed”). From the above
quantitative analysis,it can be seen that the trans-
formation direction of vegetation types in the river
basin has changed significantly since 1980, especial-
ly the implementation of GGP in 1999, which
makes the vegetation types in one-way transforma-
tion mainly from 2000 to 2016,is showing an im-
balance. Besides, the terrain, geomorphology, and
soil characteristics in the watershed are relatively
stable,so the changes in the underlying surface of
the watershed are mainly reflected by changes in
vegetation. In order to quantify the impact of vege-
tation on runoff, this paper evaluates the runoff re-
sponse to vegetation based on the Budyko elastic
coefficient method™",

Tab. 3 shows the hydrometeorological charac-
teristics in different periods in the Hekouzhen-
Longmen region, as well as changes in underlying
surface parameters n and their effects on runoff. It
can be seen from Tab. 3 that the multi-year average
runoff depth before the implementation of GGP
(1980-1999) is 38. 5 mm, but in the last 10 years
after the implementation of GGP (2000-2010), al-
though the precipitation shows an increasing
trend, the runoff depth showed a sharp downward
trend. The downward trend decreased from 2000 to
2005 by 7. 2 mm compared to the previous period.
From 2006 to 2010 it drops to 21. 8 mm,a decrease
of 43.4% compares to the previous GGP imple-
mentation. The underlying surface parameter n for
the corresponding period is 2. 05 before the GGP
implementation, and increase to 2. 51 after the im-
plementation. Among them, the increase of n from
2000 to 2005 is 2.19, and the contribution rate of
vegetation changes to the runoff caused by the im-
plementation of GGP is 91.0%. From 2006 to
2010,n reaches 2. 65,29. 3% higher than that be-
fore GGP implementation, and the contribution
rate of vegetation to runoff is as high as 193. 7%.
The results are consistent with the response of the

underlying surface parameter n. The increase of
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vegetation corresponds to the decrease of runoff,
indicating that the influence of vegetation on runoff
is further strengthened. Therefore, vegetation
change has become the main influencing factor of
runoff decline in the last 10 years after the imple-
mentation of GGP. From 2011 to 2016, the under-
lying parameter n became 2. 77, and precipitation
continued to increase, which is increased by 57 mm
compared to 2006-2010. The impact of vegetation
on runoff decreased, and its contribution rate to
runoff decreased to-38.6%. The results suggest
that precipitation is the main factor affecting run-
off ,making runoff increase to 38. 2 mm.

According to the above analysis, from 2000 to
2010 after the implementation of GGP, the under-
lying surface parameter n increases significantly,
the contribution rate of vegetation to runoff increa-
ses,runoff decreases sharply,and vegetation chan-
ges become the main factor of runoff decline in the
basin. With the continuous increase of precipitation
in 2011-2016, the impact of vegetation on runoff
decreases,and precipitation becomes the main fac-
tor for the increase of runoff in the basin, and the
runoff depth shows an increasing trend.

In order to further analyze the relationship be-
tween vegetation changes and runoff in the Hek-
ouzhen-Longmen region from 1980 to 2016, the
Mann-Kendall test is used to detect the mutation
points in the runoff time series (Fig. 3 (b)). It can
be seen that the mutation point in the runoff time
series is about 2004, which is the fifth year after
the implementation of GPP, indicating that the
effect of vegetation restoration is beginning to ap-
pear. The runoff depth decreased from 37. 4 mm/a
before the turning point to 26 mm/a with a de-
crease of 30. 5% (Fig. 3 (a)). Similar to the find-
ings of this paper, some studies have pointed out
that the project of returning farmland to forests on
the Loess Plateau has reduced regional water re-
source availability®?7, However, although runoff
depth shows a downward trend from 2004 to 2010
(-2.3 mm/a, p<0.01), while from 2011 to 2016,
runoff depth shows an increasing trend (4.6 mm/
a, p<<0.1). Compared to the former turning point,
the runoff coefficient (runoff depth/precipitation)
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of the middle reaches in the Yellow River from 1980-2016

after the turning point has decreased (Fig. 3 (¢)),
indicating that the vegetation coverage of the wa-
tershed increases, changing the underlying surface
conditions, resulting in the decrease of surface al-
bedo and the increase of surface net radiation ener-
gy, which is consumed by vegetation through evap-
oration"*, When the amount of precipitation is not
changed, higher evapotranspiration will lead to a
decrease in the runoff coefficient, which may reduce
the overall runoff capacity of the basin. Therefore,
vegetation changes in this basin have significantly
changed the hydrological process "precipitation-in-

filtration-evapotranspiration-runoff ". However,

from 2011 to 2016, the vegetation coverage area in
the Hekouzhen-LLongmen region continues to in-
crease. As precipitation continues to increase, the
river basin’s runoff capacity also continues to in-
crease. The dryness index is an indicator of hydro-
thermal conditions, which can reflect the climatic
characteristics of a region over a longer time scale’**".
The dryness index in the Hekouzhen-Longmen
region (Fig. 3 (d)) decreases from 2.22 (1980-
2004) to 2.10 (2004-2016) , especially with the in-
crease of precipitation in 2011-2016, the dryness in-

dex reaches 1. 93, is showing an overall "wetting"

trend.

Tab. 3 Hydrometeorological factors and vegetation contribution to runoff during

different periods in the Hekouzhen-L.ongmen region

Potential Elasticity Contribution Contribution
Period Runoff Precipitation Parameter n

evapotranspiration coefficient amount rate/ %
1980—1999 38.5 448. 2 975 2.05 —2.35
2000—2005 31.3 446. 0 993 2.19 —2.53 —6. 55 91.0
2006—2010 21.8 465. 9 990 2.65 —2.81 —18. 40 193.7
2011—2016 28.5 522.9 994 2.77 —2.58 —2.60 —38.6
2000—2016 27.5 479.0 992 2.51 —2.62 —22.62 206. 2

Note; The elastic coefficient refers to the elastic coefficient of the runoff to the vegetation parameter n,and the contribution amount refers to

the contribution of vegetation to the runoff. Each period after 2000 is relative to the previous period.
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Fig. 3 Detection of runoff mutation point, runoff coefficient and drying index characteristics in the

Hekouzhen-Longmen region of the middle reaches in the Yellow River

3  Conclusions

This paper analyzes the temporal and spatial

dynamics of vegetation in the Hekouzhen-LLongmen
region of the middle reaches in the Yellow River

from 1980 to 2015 using vegetation type data, runoff
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data,and meteorological data of seven periods using
the elastic coefficient method based on Budyko
framework to clarify the impact of vegetation on
runoff. The results show that the implementation of
GGP does not significantly change the spatial distri-
bution pattern of each vegetation type in the Hek-
ouzhen-LLongmen region, but significantly alter the
equilibrium state of each vegetation type, the change
rate and direction of conversion between different
types. The vegetation types change from the dynam-
ic balance before GGP implementation,and the two-
way conversion frequently changes to the imbalance
after GGP implementation. The one-way conversion
is mainly dominated by the conversion of cultivated
land to other woodlands and high-coverage grass-
lands, which make the grassland area reduction
trend be restrained. The rate of change in the later
period slow down, and various types of vegetation
tended to stabilize. Vegetation changes caused by
the implementation of GGP in the Hekouzhen-Long-
men region has a significant impact on runoff. Vege-
tation changes are the main reason for the runoff de-
cline within 10 years after the implementation of the
GGP project. Since then, precipitation has continued
to increase and its "water reduction effect" has also
eased. Strengthening the quantitative research on
the vegetation change pattern in the Hekouzhen-
Longmen region of the middle reaches in the Yellow
River and its impact on runoff changes can provide a
reference for the implementation of vegetation resto-
ration projects and the development and utilization

of water resources in the river basin.
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