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Abstract: In this paper, we strive to showthat the protection of the ecological environment of the
Yellow River can impact regional sustainable development and human society. Based on GIS and
historical documents, we selected 1640AD in the late Ming Dynasty and 1726, 1746, and 1856AD
in the early and middle Qing Dynasty as time sections to reconstruct the distributions of cropland
and vegetation in the Hehuang valley. Our results showed that the cropland in the Ming Dynasty
was mainly distributed in the valley of Sainei;during the early and mid-Qing Dynasty, the cropland
reclamation broke the boundary of the Great Wall. Furthermore, replacing vegetation with cropland
resulted in the rapid decline of water conservation capacity in the medium and high mountain areas.
The decline of water conservation capacity significantly contributed to the frequent occurrence of
natural disasters, such as drought, flood, water erosion, and sand pressure, which led to decreased
cropland output. By the mid-Qing Dynasty, the cropland area had saturated while the population
was still growing, and the grain yield could not meet the demands of the expanding population. Due
to both natural and social factors, two social upheavals occurred in the late Qing Dynasty, which
significantly affected the development of the regional social economy. Therefore, the destruction of
the ecological environment and the reduction of water conservation capacity became an important
driving force for the destruction of sustainable regional development.

Keywords: hehuang valley; cropland; water conservation; social upheaval

1. Introduction

The relationship between the development of human societies and their living en-
vironments has been discussed intensively in recent decades. Understanding the patterns
and mechanisms of human-environment interaction is valuable to cope with rapidly chang-
ing environments in the modern world [1].In September 2019, Chinese President Xi Jinping
delivered a speech on ecological protection andhigh-quality development of the Yellow
River basin [2], which again drew academic attention tothe protection of the ecological en-
vironment of the Yellow River basin in China [3]. The Yellow River is the mother river of
the Chinese nation, as it runs through 9 of the 34 provinces in China. Moreover, it flows
through the Loess Plateau, and its basin has been highly exploited throughout history, thus
intensifying soil erosion and resulting in a sharp increase in sediment concentration [4,5].
Overall, the Yellow River is not only the mother river of the Chinese nation but also a dis-
astrous river [6,7].

The Yellow River basin is an essential ecological barrier to China, and it is also one of the
most densely populated areas and a vital economic belt.Half of the runoff of the Yellow River
comes from the Qinghai-Tibet Plateau, the upper reaches of the Yellow River.Therefore, the
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ecological and environmental condition oftheQinghai-TibetPlateau is very important for the
maintenanceofthe entire ecological function of the Yellow River basin [8].

The Huangshui River is an important tributary of the upper reaches of the Yellow
River;historically, there were several environmental problems, such as a degraded water
conservation capacity, a fragile ecological environment, frequent floods, severe water pol-
lution, and soil erosion. Therefore, studying the relationship between human activities
and the ecological environment in the upper reaches of the Yellow River during the histor-
ical timeisof particular significance to the current ecological and environmental protection
and high-quality developmentofthe Yellow River Basin. In this paper, we studied the envi-
ronmental impacts of the exploitation of the Hehuang valley in history and the subsequent
social alterations caused by these environmental impacts.

2. Study Areas
2.1. General Geographical Situation

The research scope of thispaper is theHehuangvalley, which includes the Yellow River
in Qinghai Province and the HuangshuiRiver valleys.From north to south are Lenglongling,
Datong River valley, Dabanshan, Huangshui River valley, Lajishan, and Yellow River val-
leys. The terrain has a prominent characteristic of a mountain-valley alternate arrange-
ment. The valleys arebroad, the terrace is developed, and the areas account for 75% of
theHehuang valley, with altitudes ranging from 1650 m to 2400 m.It is suitable for agricul-
tural development. In terms of administrative areas, the Hehuang valley includes coun-
ties and cities of Xining, Datong, Huangzhong, Huangyuan, Menyuan, Huzhu, Pingan,
Ledu, Minhe, Xunhua, Hualong, Tongren, Jianzha, and Guide (all within Qinghai Province
of China). The study area is about 43,600 km? intotal, with a significant altitude drop
(1650-5200 m). This area has a plateau temperate semi-arid climate. It is categorized as a
semi-aridtoaridarea, with an average annual temperature of 3-8° Cand annual precipita-
tion of 250-520 mm. The main stream of the Yellow River runs through the whole area from
west to east.It develops many major rivers, such as the HuangshuiRiver and the Datong
River, respectively, primaryand secondary tributaries of the Yellow River (Figure 1).

The vegetation (soil) type is dominated by temperate steppe (soil). Due to the sig-
nificant difference in altitude and variation intopography, the vertical zonality of vege-
tation in this area is prominent. The terraces of primary and secondary tributaries with
altitudes lower than 2400m are extensively reclaimed for cropland, where crops such as
wheat, broad beans, and peas are cultivated, accompanied by trees such as poplar, wil-
low, and elm. The soil is mainly cropland soil. The small undulating medium moun-
tain area has an altitude of 2200-2400 m, and the vegetation type is dominated by tem-
perate clumped dwarf grassandemi-shrub-steppe, with mainly chestnut soil. The mid-
dle undulating medium mountainarea hasan altitude of 2400-2900 m, and the vegetation
type is mainly temperate clumped grass steppe withsierozem soil. The large undulat-
ing high mountain areahasan altitude of 2900-3800 m, and the vegetation type is mainly
alpine shrubs like potentillafruticosa, salixoritrepha, and azalea, with mainly alpine shrub
meadow soil. In areas with an altitude of >3800 m, the vegetation type is dominated by
alpine meadows, and the main soil ismeadow soil [9,10]. In general, the terrace of the
primary and secondary tributaries hadbeen wholly replaced by croplands.However, som-
enatural vegetation andvertical zonalitieshave been reserved due to human interference in
these areas (Figure 2).
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Figure 2. Topographic section and vertical zonality distribution of vegetation on Hehuang valley

(corresponding to the topographic section line in Figure 1).

The study area is one of the areas with relatively superior hydrothermal conditions in
the Qinghai-Tibet Plateau. Although this area accounts for 5% of the Qinghai Province, it
makes up 72.77% of the population and 60% of the cropland in Qinghai Province.The crop-
land area is 4140 km?, while the planting industry accounts for 80% of the total industry
in Qinghai Province (Qinghai Provincial Bureau of Statistics, 2016). Therefore, this area
hasthe densest population, towns, and economic activities in the Qinghai-Tibet Plateau
(Qinghai Province and Tibet province); it is also one of the areas with the highest utiliza-
tion rate of agricultural land and economically developed area.
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2.2. The Evolution of thePopulation and Agriculture in the Hehuang Valley during the Ming and
Qing Dynasties

As shownin(Table 1), from the early Ming Dynasty (1368-1373AD),the government
set up Xining Wei (a local administrative organization in Ming Dynasty, which is called
Xining city today) in the Hehuang valley and recruited soldiers to reclaim the land. Ac-
cording to The New Survey of the Xining Prefecture, 15,854 people were recruited tore-
claim cropland. By the middle of the Ming Dynasty (1522-1566AD), the number of people
involved in cropland reclaiming increased to 45,613. Moreover, the cropland area became
about 210 km? (data obtained by converting the measurement of cropland in the original lit-
erature into km?). In1578AD, the number of people involved in cropland reclamation was
38,892, and the cropland area reached 390 km?. By the end of the Ming Dynasty, the num-
ber of people involved had yet tobe counted, while the cropland area had reached 446 km?.
The growth of the population led to the expansion of cropland. Therefore, the population
of the late Ming Dynasty increased considerably compared with that of the early period.
In the Ming Dynasty, the cropland in the Hehuang area was mainly distributed in the river
valleys between Huangshui and Yellow Rivers and concentrated in the Huangshui valley
in the east of Huangyuan, which was most richly irrigated.

The population of Xining Wei in the early Qing Dynasty (1645 AD) was 96,266, con-
sistent with the population of the late Ming Dynasty (the late Ming Dynasty and the early
Qing Dynasty were linked together). By 1725AD, Xining Wei was changed to Xining Prefec-
ture, a local administrative organization under the jurisdiction of the past Xining County,
Nianbo County, and DatongWei, with the addition of Guide sub-prefecture and Xunhua.
Until the Qing Dynasty, Xining County included today’s Xining city, Huangzhong County,
Pingan County, and Huangyuan County. NianboCounty included Ledu County, Minhe
County, and some areas of Hualong County.Datong Wei included Datong county and
Menyuan County.GuideTingincluded Guide county and JianzhaCounty, and the Xunhu-
aTingincluded Xunhua County and Tongren County. These above areas showedcomplete
consistency with the area studied in this paper [11].

Table 1. Literature records of population and cropland during the Ming and Qing Dynasties
(1368-1856AD).

The Dating of China Calendar Year/AD Nun?ber Of The Dating of China Calendar Year/AD Registered Cr(;pland
Population/People Area/km
MingDynasty, 1368-1394 15,848 Ming Dynasty, 1413 135
Hongwu Yongle
Ming Dynasty, . Ming Dynasty,
Yongle 1403-1424 12,092 Zhengtong 3rd 1438 184
Ming Dynasty, 1522-1566 16,988 Ming Dynasty, 1550 210
Jiajing Jiajing 29th
Ming Dynasty, Ming Dynasty,
Wan Li 6th 1578 38,892 WanlLi 12th 1584 1

Qing Dynasty, The end of Ming

Shunzii 2nd 1645 109,490 Dynasty 1640 446
QingDynasty, Qing Dynasty,
Qianlong 11th 1746 245735 Kangxi 57th 1718 461
Qing Dynasty, QingDynasty,

Tiaging 25th 1820 208,603 Yongzheng 4th 1726 1427
Qing Dynasty, Qing Dynasty,

Xianfeng 3th 1853 874,418 Qianlong 11th 1746 2329.7
Qing Dynasty, QingDynasty,
Guangxu 34th 1908 361,255 Xianfeng 6th 1856 3335
Qing Dynasty, Republic of China

Xuantong Ist 1909 367,131 24th 1936 1234.8

Note: the data is from [12-15]. The way of dating is: Ming Dynasty, Hongwu, in which Ming represents the
dynasty, Hongwu represents the reign title, and if it has a number in the dating, it represents the year of the
ruler’s reign; for example, Qing Dynasty, Yongzheng 4th, which represents the fourth year of reign of Yongzheng
in the Qing Dynasty.
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During theQing Dynasty, there was an increase in the population of the Hehuang area
that had been influenced by both higher social stability and a different reclamation policy
from that of the Ming Dynasty. For example, the government of the QingDynasty encour-
aged people to reclaim cropland. After three years of reclamation, the cropland could “for-
ever serve the people” and achieved the goal of “gathering people instead of developing an
army”. By 1746AD, the population doubled and reached 245,735. In the mid-QingDynasty
(1853AD), the population reached 874,418. In the early Qing Dynasty (1718AD),the crop-
land area was only 461 km2. By 1726 AD, it exceeded 1000 km? and reached the histori-
cally highest reclamation area during 18501861 AD, which is about 3300 km?2. However,
since then, the population and cropland have declined significantly. In the late Qing Dy-
nasty (1908 AD), it decreased fromover 513,100 people to 361,255, witha decreasing rate of
58.7%. This sharp decrease in population incurs a question about what happened during
this period [16]. It should be noted that historical documents only recorded some years of
population and cropland area but need a more specific description of cropland distribu-
tion. Thus, we need to reconstruct the spatial distribution of croplands in the past based
on historical documents and geographical factors.

3. Data and methods
3.1. Data

The data in this paper are mainly from the following sources: the DEM data of 90 m x 90 m
spatial resolution in the research area as provided by the International Scientific and Techni-
cal Data Mirror Site, Computer Network Information Center, Chinese Academy of Sciences
(http://www.gscloud.cn, accessed on 20 April 2020); the slope was obtained through the sur-
face analysis function of ArcGIS and based on the DEM data; the annual average precipita-
tion data of 1 km raster in China (1971-2000) was obtained from the website of Resource Disci-
pline Innovation Platform (http://www.data.ac.cn/,accessed on 18 June 2020); 1 km monthly
average temperature and precipitation in China (1971-2000) were obtained from the Science
and Technology Resource Service System of Chinese National Ecosystem Research Network
(http://www.cnern.org.cn/,accessed on 25 February 2020) and literature [17];vegetation data
were obtained from the Data Center of Resources and Environment Science, Chinese Academy
of Sciences on the spatial distribution data of 1 million vegetation types in China (https://www.
resdc.cn, accessed on 6 April 2020).

3.2. Methods
3.2.1. Reconstruction of Cropland during the Ming and Qing Dynasties (1368-1908AD)

In order to reconstruct cropland during the Ming Dynasty, we took the following
steps. First, we determined the constraints of cropland reconstruction. The slope was a sig-
nificant factor in cropland. Generally, the cropland slope was divided into five grades: <2°,
2°~6°, 6°~15°, 15°~25°, and >25°. A cropland slope of <2° indicates no soil erosion. By
analogy, it is, therefore, appropriate to assume that a slope >25° would be unsuitable for
cropland use. According to the historical literature, the cropland distribution was mainly
within the river valleys (Huangshui and Yellow River valleys)at low altitudes with favor-
able hydrothermal conditions.The 1-2 terraces of the river valley had relatively flat char-
acteristics and therefore flourished in agricultural development. The Ming Dynasty took
the Great Wall as a boundary and divided the land into Sainei (the area to the south and
east of the Great Wall) and Saiwai (the area to the west and north of the Great Wall). Thus,
the areas discussed above were part ofSainei. Accordingly, we can set up the constraints
of cropland reconstruction in the Ming Dynasty:

1.  Regional conditions of the reconstructing area:the above-stated areas we redistributed
in Sainei to the south and east of the Great Wall, and the data concerning the Great
Wall of the Ming Dynasty were provided by many scholars [18];

2. Distance condition: the settlement point in the Ming dynasty was within a 5-km
buffer zone, and the data onthe settlement point in other scholars’ publications were
cited [19];
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3. Slope condition: slope <6°;
4.  Water source condition: within a 5 km buffer zone from the river;
5.  The literature records: the cropland area in the late Ming dynasty was about 446 km? [20].

The second step was to process the data according to the constraints. Specifically,
we first selected those areas within the study area with a slope less than 6° and removed
the extra patches. Second, we constructed a 5 km buffer zone for the water system map
(mainly including the Yellow River, HuangshuiRiver, and its tributaries) and the settle-
ment of theMing Dynasty.In order to remove the riverbed and floodplain within the river
valleys (the riverbed and floodplain were unfavorable for reclamation), the areas of 200 m,
75 m, and 40 m were constructedas buffer zones for the mainstream of the Yellow River, the-
HuangshuiRiver, and its tributaries, respectively.The obtained riverbed—floodplain layer
was removed from the overlapping layer, and the area was controlled at about 446 km?.

It should be noted that the Ming Dynasty’s record of cropland area excluded theSai-
wai cropland area.The medium mountainshad becomethe primary distribution places of-
Saiwai cropland, and this part was not mentionedinthis paper due to the lack of the litera-
ture record. The third stepwas to overlay the above layers to obtain the overlaying layer, in
other words, toobtain the distribution of cropland in the Ming Dynasty (the above-stated
steps were implemented using ArcGIS10.5 version 10.5 ESRI, Redlands, CA, USA). The
climate ofthe studied area during the Ming and Qing Dynasties has not changed much
compared tothe modern climate, and the basic geomorphic of the natural environment
also exhibited a consistency. Thus, the distribution of natural vegetation also showed con-
sistency. Except for the reclamation, all the other Ming Dynasty lands conformed to the
vertical zonality of vegetation in modern times, sowe can use the distribution map of mod-
ern vegetation to obtain the distribution map of the vegetation type in the Ming Dynasty.

To reconstruct cropland during the Qing Dynasty, we selected the reclamation rate
of the Hehuang valley in the 4th year of the Qing Dynasty (1726 AD). It has been found
that the cropland area in the Qing Dynasty, Yongzheng 4th (1726AD) was 1427 km?,
while in the Qing Dynasty, Qianlong 11th(1746 AD), it was 2330 km?, and in theQing
Dynasty, Xianfeng(1850-1861 AD) it reached 3335 km?. This information indicated that
the reclamation rate inQianlong 11th and Xianfeng increased by 3% and 13%, respec-
tively, compared to that inthe Qing Dynasty, Yongzheng4th. Accordingly, we selected
the late Ming Dynasty (1640AD), the Qing Dynasty, Yongzheng4th (1726 AD), Qianlong
(1746AD), and Xianfeng (1856AD) as time sections and set the reclamation rate of the
Qing Dynasty, Yongzheng 4th as K. Therefore, the reclamation rates of the Qing Dy-
nasty, Qianlong 11*,and Xianfeng were K + 0.03 and K + 0.13, respectively. Thus, we
could obtain the cropland distribution in 1726 AD, 1746 AD, and 1856AD. The distribu-
tion map of the vegetation types in the Qing Dynasty was obtained by overlaying the
cropland distribution mapduring the above three periods of the Qing Dynasty and the
vegetation type map from the Ming Dynasty.

3.2.2. Calculation of Water Conservation Capacity

The water balance equation was adopted for the calculation of water conservation
capacity, and the formula is as follows:

TQ =YY" (Pj—Rjj—E) x A; x 10° (1)

P A X R )

i, 5 o @
i=1 A+ B x Rf X exp(—m)

In Formula (1), TQ represents the total water conservation quantity (m?), Djj is the
annual average precipitation (mm), R;; is the annual average surface runoff (mm), A; is
the area of the ecosystem of class (km?), i is the ecosystem type of type i in the study
area, j is the type number of the ecosystem in the study area, and E; is the actual annual
average evapotranspiration (mm). In Formula (2), A, B, and C are empirical coefficients,
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with values of 3100, 1.8, and 34.4, respectively, R; is the precipitation in the i* month
(mm), T; is the average temperature of the i month (°C), and Eiis calculated by empir-
ical Formula (2) [21].

If the calculation is based on raster data in ArcGIS, the formula is modified as follows:

TQ=Y", (P,—R;—ET,) 3)

In this formula, i is the i pixel lattice.

Calculation of annual precipitation Py:

The precipitation in the Ming and Qing Dynasties was different from that in mod-
ern times. To correct the data, we reviewed the annual average precipitation series re-
constructed in the northeast area of the Qinghai-Tibet Plateau during the historical pe-
riod [22].We utilized the annual average precipitation over 30 years of the time section
we studied (Table 2)to calculate the difference between the average precipitation of the
30 years and that of 1957-1980.

Table 2. Annual average precipitation of studied time section.

Calendar Year/AD 1629 + 15 1726 + 15 1746 + 15 1856 + 15

the difference/mm between the
average precipitation of 30 years and —31.18 —39.7793 —7.30542 —10.6073
the average precipitation in 1957-1980

The formula is as follows:
Pj=P—dj 4)

In this formula, Pj represents the annual average precipitation of time section in year
j of the Mingand Qing Dynasties, P is the modern annual average precipitation, and dj is
the difference/mm between the average precipitation of 30 years in year j and the average
precipitation in 1957-1980.

Calculation of the annual average surface runoff Rj;:

Surface runoff data were obtained by multiplying rainfall by the surface runoff coef-
ficient, and the formula is as follows:

R =Pxa (5)

In this formula, R represents the surface runoff (mm), P is the multi-year average
rainfall (mm), and a is the surface runoff coefficient, as shown in (Table 3):

Table 3. Relationship between vegetation types and surface runoff coefficient in TheHehuang Rivervalley.

Average Surface Average Surface

Number Vegetation Type Runoff Coefficient/% Number Vegetation Type Runoff Coefficient/%

Succulent salt Temperate

1 dwarf semi-shrub 18.27 10 Jemp 417

deciduous shrubs
desert

Alpine sparse Temperate

2 pimne sp 18.27 11 deciduous 1.33

vegetation

broadleaf forests
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Table 3. Cont.
. Average Surface . Average Surface
Number Vegetation Type Runoff Coefficient/% Number Vegetation Type Runoff Coefficient/%
Cold-temperate
3 and tempe.rate 0.88 12 Temperate 0.88
mountain coniferous forests
coniferous forests
4 Grass, carexalpine 478 13 No . 0
grassland vegetation/glacier
Kobresia and Subalpine leathery
5 forbalpine 8.2 14 evergreen 4.26
meadow broadleaf shrubs
Kobresia and forb
alpine meadow Subalpine
6 and subalpine 8.2 15 deciduous 417
deciduous broadleaf shrubs
broadleaf shrubs
g;?ﬂeriizszlgs;lf Subtropical and
7 & 478 16 tropical mountain 3.02
semi-shrub .
coniferous forests
desert grassland
Subtropical
8 Tegfserar;‘;tg:lzd 478 17 deciduous 1.33
& & broadleaf forests
Coniferous and
9 Cultivated crops 18.27 18 broadleaf mixed 2.29
forests
4, Results

4.1. Spatial Distribution of Cropland

During the late Ming Dynasty, the croplands were mainly distributed in the Sainei (southof
the Great Wall) and the mainstream of the Huangshui and its tributaries, with lower altitude
and better hydrothermal conditions, such as Xinachuan, Beichuan, Shatangchuan, Xibaochuan,
and Nanchuan valley. In addition, the croplandswerealso distributed in the Yellow River
valley (Figure 3).

The spatial distribution of cropland in the Qing Dynasty exhibited different character-
istics from that of the Ming Dynasty. First, in theQing Dynasty, humans began to expand
to the Saiwai, especially after the establishment of Datong Wei in Saiwai inYongzheng3rd
(1725AD), resulting in the substantial promotion of reclamation of new cropland. Thus, the
reclamation area expanded to theplaces belonging to Saiwai in the Ming Dynasty, such as
the Datong River valley of Menyuan county, the Beichuan River valley in the north and cen-
tral part of Datong county, the upper reaches of the Huangshui River valley of Huangyuan
county, and thetributaryriver valley of the Yellow River inXunhua and Tongren.Second,
the cropland started into medium mountains in Sainei. It was appropriate to assume
that, after the development of the reign inthe Qing Dynasty, Shunzhi (1644-1661AD), and
Kangxi (1661-1722AD), agriculture had become the dominant industry in the area.

Meanwhile, the river valleys of the area hadbeen developed completely (The New Survey
of the Xining Prefecture records that during the Qing Dynasty, Qianlong (1736-1796AD), “All
four river valleys around Xining have been entirely reclaimed.Therefore there is no idle land”,
indicating that Xining was surrounded by a series of river valleys that had been wholly re-
claimed). This resulted in the gradual reclamation to the medium and small undulating moun-
tainous areas at higher elevations. During this process, croplandexpandedto the medium and
high mountain areas, referred to as the cropland spread into the mountains.
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Figure 3. (a) Distribution of cropland-vegetation in 1640AD;(b) Distribution of cropland in the Qing
Dynastyin the Hehuang valley.The vegetation type coded in Figure (a) is the same as Table 3 and 9
is the cropland distribution area; In Figure (b), the distribution data of reclamation rate in 1726AD,
1746AD, and 1856AD were obtained through the literature collation [23].

Third, the degreeof croplandexpansion in Saiwai, where minorities lived, had increased.
The appearance of vertical zonality ofthe natural environment resulted in the noticeable dif-
ference between the regions where the Hans and minorities lived.Specifically, most of the
Hanswereconcentrated in the river valley, while the minorities were widely distributed in the
medium and high mountain areas. Moreover, it has been revealed that medium and high
mountains dominated most regions where minorities were active [24]. The reclamation of
cropland in these areas (Sainei) started in the earlyYongzheng times, the Qing Dynasty, and
the cropland area increased continuously. In the mid-Qing Dynasty, the cropland area in
these areas hadadominantposition amongthe total Hehuangcropland area [25]. Around Qian-
long 37 AD (1772 AD), this cropland area was nearly half of the total cropland area [26]. The
cropland wasalready saturated at the end of the Qing Dynasty (1796-1850AD).

Overall, most of the new reclamation areas in the Qing Dynasty were located in the
medium and high mountain areas, where minorities were active. Moreover, during themid-
QingDynasty, the cropland increasingly expanded to the medium and high mountain ar-
eas. Theliterature records show this reclamationbehavior appearedwithin 200 km to the
south of Xining cityand in the ravinesofthe medium mountain areas of Lajishan [27].

4.2. Thecropland Development and Destruction of Natural Vegetation during the Qing Dynasty

During thecontinuous expansion of cropland into the medium and high mountains
during the Qing Dynasty, the original natural vegetation was disturbed and destroyed.By
the mid-QingDynasty, when reclamation was at its peak, 13 of the 16 natural vegetation
types (Table 3) were disturbed and destroyed to varying degrees, leaving only the carex
alpine grassland undisturbed (there was no or little distribution of temperate deciduous
shrubs and subtropical and tropical mountain coniferous forests in the region, so they were
neglected). According to the area of cropland reclaimed from natural vegetation during
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the Qing Dynasty, 61.2% of the cropland was reclaimed in the temperate tufted-grass grow-
ing lands, 14.4% of the cropland was reclaimed from sub-alpine deciduous broad-leaved
shrubs, 13.1%was from kobresia and for alpine meadow, 5.7%was from temperate tufted
dwarf grass and dwarf semi-shrub desert grassland, 1.5% was from temperate deciduous
broad-leaved forests and sparse alpine vegetation, and less than 1%fromothers (Figure 4).
If the temperate tuftedgrass, temperate tufteddwarf grass, and dwarf semi-shrub desert
grassland were allregarded as the temperate steppe, 66.9% of the cropland was reclaimed
from the temperate steppe in the middle. Small undulating medium mountains, and 10%
of the cropland was from the alpine shrubs and alpine meadows in the large undulating
high mountains. Other vegetation types were much less affected.

1 02

m3 5
6 7
8 1l
m12 H14
m15 m17
N18

Figure 4. The proportion of new cultivated land in different vegetation types in Qing Dynasty. The
vegetation numbers are same as (Table 3).

According to the natural vegetation types reclaimed as cropland, by 1856 AD, approxi-
mately 18.89% of the coniferous and broad-leaved mixed forests, 16.8% of temperate tufted
grass growing grassland, 10.29% of temperate tufted dwarf grass-dwarf semi-shrub desert
grassland, 6.63% of sparse alpine vegetation, 5.93% of subtropical deciduous broad-leaved
forests, 5.22% of temperate deciduous broad-leavedforests, 4.9% of subalpine deciduous
broad-leaved shrubs, and 3.31% ofkobresia and foralpine meadow were reclaimed as crop-
land. Generally, 32.58% of the forest, 27.09% of the temperate steppe, 5.47% of the shrubs,
6.63% of the sparse alpine vegetation, and 3.31% of the alpine meadow were reclaimed as
cropland during the middle of Qing Dynasty. In other words, the destruction appeared
to impact 1/3 of the forest and grassland in the entire area. From 1726-1856AD, the pro-
portion of cropland in the natural vegetation area exhibited an increasingly growing trend.
For example, the proportion of cropland in temperate tufted grass growing grassland was
9.82%in 1726 AD, itincreased to 9.82% in 1746 AD, and it reached 16.8% in 1856 AD (Table 4).
The above-stated point has been revealedinthe literature, according to the local chronicles,
in 1730AD, the forest in the Longwu River valley of Tongren, which was part oftheXun-
hua County at that time, was cut down and reclaimed as cropland in order to construct
Xunhuacity [28].
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Table 4. Proportion of natural vegetation types reclaimed into cropland at three research time sec-
tions during the Qing Dynasty.

R . . . . o
Number Vegetation Type Area of R;glor;liin\;egetatlon Proportion of Cropland in the Area of the Vegetation Type/%
ype 1726 AD 1746AD 1856AD
1 Succulent salt dwarf 195.37 0.32 0.44 0.86
semi-shrub desert
2 Alpine sparse 667.14 4.04 3.36 6.63
vegetation
Cold-temperate and
3 temperate mountain 1458.91 1.21 1.51 2.5
coniferous forests
4 \ \ \ \ \
5 Kobresia, forb alpine 11988.95 1.84 218 331
meadow
Kobresia and forb
6 alpine meadow + 850.17 0.67 0.85 1.44
subalpine deciduous
broadleaf shrubs
Temperate tufted
7 dwarf grass dwarf 1877.26 5.07 6.27 10.29
semi-shrub desert
grassland
8 Temperate tufted 10463.02 9.82 11.07 168
grass grassland
9 \ \ \ \
10 \ \ \ \ \
Temperate
11 deciduous broadleaf 1016.34 2.55 3.16 5.22
forests
12 Temperate 27.08 0.02 0.02 0.04
coniferous forests
13 \ \ \ \ \
Subalpine leathery
14 evergreen broadleaf 2711.01 0.31 0.37 0.57
shrubs
Subalpine deciduous
15 broadleaf shrubs 9291.04 2.6 3.13 49
16 \ \ \ \ \
Subtropical
17 deciduous broadleaf 160.07 2.86 3.57 5.93
forests
Coniferous and
18 broadleaf mixed 28.99 9.68 11.8 18.89

forests

Note:(vegetation number is same as Table 3).

4.3. Changes in Water Conservation Capacity during the Ming and Qing Dynasties

The destruction of natural vegetation in themedium andhigh mountainareasand the
conversion of many forests and grasslands into cropland caused significantchanges in un-
derlying surface properties and conservation capacity [29]. The studied area located in the
arid and semi-arid area with intense evapotranspiration and loss of surface runoff resulted
in a diminished water conservation capacity. (Table 5) shows the changesin water conserva-
tion capacity caused by the cropland spreading into the mountains of the Hehuang valley
during the Ming and Qing Dynasties.In 1640AD, the water conservation capacity was about
—7.47 x 107 m3, but by 1726 AD, the acceleration of cropland spreading into the mountains
significantly decreased the water conservation capacity by 4.5 times, to —33.83 x 107 m3.
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By 1746AD, the water conservation capacity decreased to —40.36 x 107 m®. By 1856AD, a
peak period for cropland spreading into mountains, the water conservation capacity de-
creased to —60.23 x 107 m3, about eighttimes lower than that in the late Ming Dynasty and
nearly onetime lower than that in 1726AD.

Table 5. The changes in the distribution ofwater conservation capacity inthe Hehuang valley during

the Ming and Qing Dynasties.

MingDynasty, Yongzheng4th, Qianlongl1th,

Calendar Year/AD 1640AD 1726AD 1746AD Xianfengé6th, 1856 AD
W?;;g’t‘;ﬁg‘;fﬁ?n 747 3383 ~40.36 ~60.23
Population 109,490 \ 245,735 874,418
Cropland/mu 669,800 2,139,430 3,350,000 5,000,000
Per mu yield 92 92 92 92
Per capita grain 562.8 \ 1254.2 526.06

According to the perspective of spatial distribution, from the late Ming Dynasty to the
mid-QingDynasty, the area withdecreasingwater conservation capacity was mainly con-
centrated in the mountain areas that had been cultivated, such as the small and middle
undulating medium mountains and some large undulating high mountains. Specifically,
the areas with reduced water conservation capacity were mainly distributed in the Huang-
shuiRiver basin (Huangyuan in the upper reaches of the HuangshuiRiver, and Xinachuan,
Yunguchuan, Beichuan, Shatangchuan, and Nanchuan in the middle reachesof the Huang-
shuiRiver), the Menyuan basin in Datong River basin, the Xunhua basin in the Yellow
River basin and its tributaries of LongwuRiver; in particular, the north of the Huang-
shuiRiver and the Menyuan basin exhibited a significantlydecreasingwater conservation
capacity.Meanwhile, in other areas with less human interference, the water conservation
capacity increased slightly due toan increase in precipitation in the mid-QingDynasty com-
pared to the late Ming Dynasty. According to the perspective of the whole area, from the
late Ming Dynasty to themid-QingDynasty, the intensity and scale of the continuous ex-
pansion of human reclamation resulted in a rapid decline in water conservation capacity
(Figure 5).
¢ Bhn
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Figure 5. The water conservation in Ming and Qing Dynasty of the Hehuang valley. (a) Ming Dy-
nasty (1640AD); (b) Qing Dynasty (1856AD); (c) The difference of water conservation in Ming and
Qing Dynasties (1640-1856AD).
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5. Discussion
5.1. Decline of Regional Water Conservation Capacity and Water Damage

During the Qing Dynasty, the cropland spreadinginto mountains destroyed forest
and grassland, reduced water conservation capacity, and declined soil water storage capac-
ity in the mediumand part of high mountain areas.These natural conditions could cause
both floods and drought [30]. Flood occurs due to theloss of soil and water on slopes dur-
ing a rainstorm, which forms water logging and debris flow, resulting in water erosion
and sand pressure, causing damage to the paddy fields in the river valley. Drought can be
divided into atmospheric drought and soil drought; the former refers to the phenomenon
of withering caused by low precipitation, hightemperature, andlow relative humidity, and
under these conditions, the crop evapotranspiration is far greater than the water absorp-
tion of the root system, leading to the destruction of water balance in the plant and the
occurrence of withering; the latter refers to that soil moisture cannot meet the need of crop
growth [31]. Therefore, it is evident that a reduction ofsoil water conservation capacity
would lead to soil drought, leading todrought [32].

Since the Ming Dynasty, the studied area’s statistical results of drought, flood, water
erosion, and sand pressure [33] (Figure 6)showed that drought was the most common and
had the most significant disaster loss. The drought frequency in the Ming Dynasty was
2-4 times/10a, and the flood frequency increased significantly from 1775 to 1850AD, reach-
ing 2-7 times/10a. The flood frequency remained stable until 1725AD, while it increased
from 1725 to 1860AD and reached 2-7 times/10a. The earliest recorded disaster of water
erosion and sand pressure was in 1736AD, which happened in Guide;more than 2000mu
of croplandsweredamaged.Sincel775 AD, water erosion and sand pressure frequency in-
creased, reaching the maximum during 1800-1850AD, and then declined gradually. For
example, in 1847AD, over 18,199mu croplandsweredestroyed. The paddy fields in the
river valleys with relatively good land quality and high yield were an atypical example of
cropland expansion.

In conclusion, the frequency and intensity of the three types of natural disasters, drought,
flood, and sand pressure, were higher during 1775-1850AD.Coincidentally, this was the peak
period for croplandto spread into the mountains. This finding revealed thatimproper human
activities, such as expanding cropland into mountains, led to significant negative impacts on
the natural environment and resulted in the destruction of natural vegetation, which was
closely related to disasters such as drought, flood, water erosion, and sand pressure [29].

According to the perspective of precipitation change in the studied area, there were
many extreme events with little precipitation in the 19th century. Extreme drought with
precipitation less than 100mm in a year occurred in 1824, 1831, 1861, and 1895 AD, with the
first two years having precipitation of 20land 127mm less than the averageprecipitation.
These four extreme events were typical examples of atmospheric droughts. However, for
the first two droughts, onlya short and straightforward description was found in the histor-
ical documents“drought in Xining, Ledu and Datong”, corresponding to the previous two
drought events. No disaster losses oroccurrence ofsevere socialunrest were mentioned.

In contrast, for the last two droughts, the historical data recorded dire consequences:
“seven counties in Xining Prefecture were in a state of great hunger, people eat each other,
the east and west rivers of Guide are dried up, and it is a year of famine” (1865AD), and
“It is dry in Pinganarea, and people are suffering from hunger. Xunhua had undergone a
drought, harvested only 7/10 of the cropland.” (1893AD). Despite these records, according
tothe perspective of precipitation change, the degree of atmospheric drought in 1861 and
1895AD was not more significant than that ofthe first two droughts. However, the disaster
loss was more significant, which might be associated with the growing population in the
mid-QingDynasty, leading to increased exposure to disaster-affected areas and more se-
vere disaster losses. This also indicated thatthe destruction of water conservation capacity
in medium and some high mountains were closely related to the soil drought.
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Figure 6. Comparison of water conservation capacity with climate, natural disasters, and social indi-
cators intheHehuang valley during the Ming and Qing Dynasties. Note: (a) Water conservation ca-
pacity (this study), (b) Per capita output of grain (this study), (c) Population [12,14,15], (d) Cropland
area [12,14,15], (e) Summer temperature in the east of Qinghai-Tibet Plateau [34], (f) 1400-1900AD
precipitation variation [22], (g) 1800-1900 ADprecipitation variation [22], (h) Wasteland area [26],
(i) The frequency of drought [33], and (j) The frequency of flood [32].

5.2. Decline of Regional Water Conservation Capacity and Social Upheaval

River valleys have abundant water resources, fertile soil, and high grain yield. In the
mid-Qing Dynasty, the increase in cropland areas mainly occurred in medium and some
high mountain areas, where soil nutrients were insufficient, fertility was weak, and soil
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and water were easy to lose;therefore, the yield was meager(According to the Records
of Danger in the late Qing Dynasty, “the flat paddy field covers an area of more than
50 square meters, and the dry hillside land covers an area of more than 300 square meters.
In addition, half of the area is in unfavorable conditions for reclamation as gravel, saline
soil, and barren land. The agricultural production isinsufficient to support people to for
leading an impoverished life”). Therefore, a large cropland area areawas reclaimed in the
mountains during the Qing Dynasty, but its output was limited and could support their
living only when the population was moderate. However, with the saturation of cropland
during the mid-Qing Dynasty, not only the cropland reached a maximum of 5 million mu,
but also the population reached amaximum of 874,000 since the Ming and Qing Dynasties.

Further increase in population growth during the mid-Qing Dynasty was bound to
create an imbalance between the population and the carrying capacity of cropland, thus
triggering social upheavals. During the Ming and Qing Dynasties, highland barley and
wheat were the main grain crops in this area. According to the statistical survey in 1934AD,
the per mu yields of these two crops were 94.7 Jin and 89.5 Jin, respectively [35]. From the-
late Ming Dynasty to the mid-Qing Dynasty, the per capita grain value was the highest dur-
ing the Qianlong times in the Qing Dynasty (it was also recorded in historical documents
that granaries were built in the Hehuang valley at that time, and grain was in surplus); in
contrast, the per capita grain value reached the lowest point in 1856 AD since the Ming and
Qing Dynasty.The contradiction between human needs and cropland reached itspeaked
during the mid-Qing Dynasty.

Moreover, some natural factors, such as degradation of the ecological environment
in the medium and some high mountain areas, a decline of water conservation capacity,
and extreme climate conditions, and some social factors, such as population growth, low
productivity, improper policies (such as heavy taxes and levies), and religious disputes,
resulted in imminent social upheavals. In other words, the degradation of the regional
ecological environment and the decline of water conservation capacity were critical driving
forces in that destruction. It is, therefore, appropriate to assume that the drought in 1861
and 1895AD was the key to igniting the fire of social upheaval.

The events and times recorded in the historical document correspondwithourresearch.
In the Gansu and Qinghai areas of the upper reaches of the Yellow River, there was a suc-
cessive drought, of which the most severe year was 1865AD. From 1860 to 1874AD, a large-
scale war occurred in the research area, which led to the displacement of people, profound
population loss, and extreme economic depression. InTongzhi 13th (1874AD), anofficer
recordedLedu district as “full of desolation, lush fields with several or dozens ofsporadic
castles and refugees, people are suffering from poverty, and being extremely miserable”
(Yushi’sdraft in Qinghai). Additionally, in 1891, there was a record of prolonged drought,
poor harvest, and soaring grain prices, but the taxes and levies were still heavy. In Xunhua
area, for example, the price of grain rose 15 times, and the harvest was only 70% of agen-
eralyear. The idea that “there was no wheat flour in the cabinet, no grass in the livestock
trough, and the time had come to rebel” began to spread in society. Hence there was an
outbreak of violent social upheaval, historically known as the “Hehuang incident”, which
caused a sharp decline in the population; the population decreased from 510,000 in the
Xianfeng period to 364,418 in Guangxu 34 (1908AD), with a reduction of 58.69%. The two
upheavals also caused significant damage to the social economy (Table 5).

6. Conclusions
The main conclusions are as follows:

1.  Thecropland in the Ming Dynasty was mainly distributed in the river valley of Sainei;
during the early andmid-Qing Dynasty, the cropland reclamation broke the bound-
ary of the Great Wall.It expanded to the valleys of the Datong River in Menyuan,
theBeichuanRiver in Datong, the upper reaches of the HuangshuiRiver, and the Yel-
low River’s tributary in Xunhuaand Tongren. In Sainei, the cropland expanded to
the middle and small undulating medium mountainareas and some large undulating
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high mountain areas, andthe reclamation in minority areas aggravated this trend. In
the mid-Qing Dynasty, cropland expansion reached its peak, reaching about 7.5 times
that in the late Ming Dynasty, and after that, the cropland area began to shrink.

2. The expansion of cropland into mountains caused serious damage to the natural veg-
etation. As a result, 32.58% of the forest, 27.09% of the temperate grassland, 5.47% of
the shrubs, 6.63% of the sparse alpine vegetation, and 3.31% of the alpine meadow had
been deeply destroyed by the expansion of cropland to mountains, and ultimately
turned the natural vegetation to cropland.

3. Due to the disturbance and destruction of natural vegetation, the water conserva-
tion capacity of the medium and some high mountain areas decreased rapidly. At
the end of the Ming Dynasty in 1640AD, the water conservation capacity was about
—7.47x107 m3. By1726AD, the water conservation capacity decreased over 4.5 times.
By 1856AD, the cropland spread into mountains reached its peak, and the water con-
servation capacity decreased by about eighttimes compared to the late Ming dynasty.

4.  Drought events, floods, and soil erosion mainly occurred from 1775 to 1850AD, con-
sistent with the croplands’ rapid expansion to the mountainous areas during the mid-
Qing Dynasty. This indicates that the expansion of cropland had led to decreasedwa-
ter conservation capacity, which eventually resulted in various natural disasters in
the area.

5. Most of the newlycultivated lands were concentrated in the medium and part of high
mountain areas; these areas had a low yield. By the mid-Qing Dynasty, the popu-
lation was still growing. Therefore, the grain yield could not meet the demands of
the expanding population. In addition, due to bothnatural and social factors, two
social upheavals occurred in the late Qing Dynasty, which significantly affected the
development of the regional social economy.
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