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Abstract: Droughts are serious natural disasters that adversely affect water resources, agriculture,
the economy, and the environment. Reconstructing historical drought records is necessary to assess
the impact of droughts and their evolution and has become a top priority to support and improve
sustainable water management decisions. In this study, we used Shanxi Province as the research area,
and meteorological data from the early years of Guangxu in the Qing Dynasty were reconstructed
using historical rain and snow records. The Variable Infiltration Capacity (VIC) model is driven by
the reconstruction of historical meteorological data. The study area’s monthly runoff and soil water
sequence from 1875 to 1879 were simulated, and the hydrology and soil of the ancient historical
period were reproduced in the absence of data. The results show the following: (1) The idea of
reconstructing hydrological parameters using historical data is feasible and the VIC model can be
used to study drought characteristics under specific scenarios. (2) The proportions of areas with
runoff depths less than 10 mm throughout Shanxi from 1875 to 1879 were 55%, 48%, 58%, 19%, and
30%. The annual runoff depth in each region from 1875 to 1877 was less than 60 mm. The hydrological
drought from 1875 to 1877 was very serious, and the area covered by the drought was relatively large.
(3) The annual average soil water content of various regions was stable between 150 and 510 mm
from 1875 to 1879. The soil water content had no apparent interannual variation. The area with soil
water content less than 180 mm accounted for ratios as high as 31%. This research provides new ideas
for ancient drought research and a scientific basis for regional drought prevention, mitigation, and
water resources management, and ensures the orderly progress of agricultural production activities.

Keywords: historical drought; reconstruction; runoff; soil water; Qing Palace Archives

1. Introduction

Droughts are serious phenomena that adversely affect water resources, agriculture, the
economy, and the environment [1–3]. They are generally long term and slow climate phe-
nomena caused by insufficient precipitation in an area for months or even years [4]. How-
ever, in the context of global warming, droughts have been shown to rapidly evolve [5–7].
Since 1970, drought events have become more common worldwide, especially in tropical
and subtropical regions [8]. The fifth assessment report of the Intergovernmental Panel on
Climate Change (IPCC AR5) comprehensively assessed the changes in drought events and
suggested that the changing drought trends should be fully considered [9,10]. Droughts
may frequently occur, threatening local societies and agricultural development [11]. In this
case, exploring the historical changes in drought is vital to provide references for drought
prediction and mitigation [12].

China’s environment and ecosystem are fragile and vulnerable to the negative impacts
of climate change [12–15]. In recent years, China has experienced more frequent extreme
weather events, such as heavy rains and drought [16–18]. In fact, the continuous changes in
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climatic conditions have changed the precipitation pattern in most areas of China, especially
in northern China [19]. In recent decades, droughts in many areas of northern China have
become more frequent and severe [20]. Rapid urbanization and climate change are expected
to continue exacerbating China’s water shortage pressure. With the ever-increasing water
demand and ever-changing water supply, there is an urgent need to develop sustainable
water management strategies [21–23].

On this note, we studied a severe drought that occurred during the early years of
Guangxu. According to historical records, the longest continuous rainless period lasted
for 340 days [24,25]. Accompanying famines, locust plagues, and epidemic diseases fre-
quently occurred, which had serious impacts on the region [26]. Therefore, reconstructing
historical drought records is necessary to assess the impact of drought and their evolution
and has become a top priority to support and improve sustainable water management
decisions [27–29]. Calculating and evaluating soil moisture content are the key to the
study of drought development [27,30,31]. Research has shown that drought indices based
on soil moisture content can effectively reflect changes in drought development [32–34].
With the development of terrestrial hydrological models and restrictions on the availability
of hydrological measurement data, simulating soil moisture is the key to establishing a
long-term soil moisture database [35–38].

The spatial and temporal distribution of drought and drought monitoring are key
issues in the study of drought resistance [39–42]. Thus, a drought index based on soil mois-
ture has been gradually developed to improve the ability to monitor the spatiotemporal
changes in drought [43]. Soil moisture is affected by climate, vegetation, and soil character-
istics, and will feed back to vegetation and affect the water supply of vegetation [44,45].
The drought index based on soil moisture can well characterize the water vapor exchange
of the underlying surface and its influence on the evolution of drought [46,47]. However,
the application of the drought index of soil water content is limited because the large-scale
measurement of soil water content is difficult [48–50]. Thus, fast and economical remote
sensing data, with their expanded spatial coverage, can replace large-scale in situ soil
moisture [51]. Many soil moisture products developed based on satellite remote sens-
ing technology provide important references for drought research and are used by many
scholars [52].

The Variable Infiltration Capacity (VIC) model is widely used because of its high
applicability, good effect, and strong operability [53–56]. The remarkable characteristics of
the VIC model different from other hydrological models include considering crop canopy
evaporation and transpiration, and selecting Darcy’s law of saturated and unsaturated soil
water movement to describe soil water movement [35]. In the aspect of runoff simulation,
both the mechanism of runoff generation by excess infiltration and the mechanism of runoff
generation by full storage are considered to realize the grid spatial simulation of runoff [54].
On the basis of water balance, energy balance is also considered [55]. The VIC model
can simulate soil water with daily time steps [43]. Andreadis et al. [57] reconstructed the
drought history of the North American continent. Wu, Lu, Wen, and Lin [36] reconstructed
and analyzed the temporal and spatial changes and characteristics of China’s historical
drought from 1951 to 2009. The VIC model has also been successfully applied to the
simulation of soil moisture and water flow in the Pearl River Basin [54,58,59]. The soil
moisture calculated according to the model can capture the wet and dry conditions of
watersheds [2,3].

Using the “rain and snow” data from the Qing Palace archives, this study recon-
structed the runoff and soil water sequence in the early years of Guangxu in the Qing
Dynasty (1875–1879). On the basis of the long sequence (>20 years) runoff observation
data of three main hydrological stations in the Fenhe River Basin in Shanxi Province, the
VIC model parameters were corrected. Then, a high-resolution (~10 km) VIC simulation
framework suitable for Shanxi Province was constructed. On this basis, the reconstructed
monthly precipitation sequence from 1875 to 1879 was downscaled into a continuous daily
sequence to drive the VIC hydrological model to reconstruct the monthly runoff and soil
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water sequence. This research provides a way to study the historical evolution trend of
hydrological drought using the reconstructed historical meteorological data based on an-
cient data. It also provides a scientific basis for regional drought prevention and mitigation
and water resources management and helps ensure the orderly progress of agricultural
production activities.

2. Data and Methods
2.1. Study Area

The study area in this paper is Shanxi Province, located in North China. It has 11 pre-
fectures and cities with a total area of 157,000 km2. This area has a complex topography. The
northwestern region has many mountainous hills, and the central and southern regions are
mostly plains and basins. Mountainous hills account for 80% of the study area. The study
area has a temperate continental monsoon climate (with rain and heat at the same time)
and less precipitation. The regional average temperature is between 4.2 ◦C and 14.2 ◦C,
and the annual precipitation is between 360 and 620 mm (Figure 1). The tributaries of the
Yellow River and the Haihe River comprise the major tributaries of the study area. The
tributaries of the Yellow River mainly include the Fenhe and Qinhe Rivers. The tributaries
of the Haihe River include the Sanggan, Zhanghe, and Hutuo Rivers. The overall water
resources are relatively scarce, and the main water source is natural precipitation.
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Under the influence of special natural conditions and specific social conditions,
drought has become the most frequent and serious natural disaster in Shanxi [60]. There-
fore, drought prevention and relief have become necessary long-term and arduous tasks to
preserve Shanxi’s economic and social development.

2.2. Data

The “Yu–Xue–Fen–Cun” data from the Qing Palace Archives for the Qing Dynas-
ty are nationwide observation records of infiltration depth or snow thickness from 1736
to 1911 [14]. These are among the most reliable drought and flood series data for high-
resolution reconstruction [9]. The key issue that needs to be solved is quantifying the
“Yu–Fen–Cun” into precipitation for the quantitative reconstruction of typical historical
drought events [8]. This study simulates historical runoff and soil water data based on
historical observation data combined with the VIC model. This method provides an
important reference for the study of historical drought events and has broad application



Water 2023, 15, 995 4 of 20

prospects. The time range of the rain and snow records from the Qing Dynasty was from
the first year of Qianlong (1736 AD) to the third year of Xuantong (1911 AD).

These are considered a kind of intuitive precipitation observation records. This study
collected 65 rain and snow record data from the Qing Palace Archives for the Qing Dynasty,
including 4522 rain and snow measurement records. The data contain rain and snow
measurement records of 95 stations in Shanxi Province from the first to the fifth year of
Guangxu (1875–1879). These data came from the Institute of Water Resources History,
China Institute of Water Resources, and Hydropower Research. The “Yu–Xue–Fen–Cun”
data clearly record the time of successive precipitation at each station in the studied area,
the snowfall thickness, and the depth of rainfall soil infiltration in farmland, recorded in
inches (1 in. = 3.33 cm). The research data are accurate and highly quantified reliably record
time and location. After sorting, the proportion of quantitative records in the “Yu–Fen–
Cun” (rain records) files is 94%, and qualitative records account for about 6%; the snowy
measures are all quantitative records.

The spatial scope covered the Chinese region. These data recorded infiltration depth
and snow depth observations of each precipitation process. The thickness of snow ac-
cumulation was also recorded for observation. The observational soil moisture content
data came from the National Agricultural Meteorological Monitoring Station of the China
Meteorological Administration. The data included soil moisture content data from 14 main
observation stations in the study area from 1994 to 2012 (Table 1). Soil moisture content
observations were generally from farmlands, and soil observations were obtained on the
8th, 18th, and 28th day of each month. Observations were postponed for 2 to 3 days in
case of rain or irrigation during the observation. The data included soil bulk density and
field water holding capacity, withering coefficient, and other soil physical parameters, soil
weight, and water content of each soil layer (0–10, 10–20, 20–30, 30–40, and 40–50 cm).

Table 1. The 14 soil moisture observation stations in Shanxi Province.

Number Station Number Name Longitude (◦) Latitude (◦)

1 53564 Hequ 111.15 39.38
2 53594 Lingqiu 114.18 39.45
3 53674 Xizhou 112.70 38.42
4 53769 Fenyang 111.78 37.25
5 53775 Taigu 112.53 37.43
6 53783 Xiyang 113.70 37.60
7 53853 Xixian 110.95 36.70
8 53863 Jiexiu 111.92 37.03
9 53868 Linfen 111.50 36.07
10 53877 Anze 112.25 36.17
11 53882 Changzhi 113.07 36.05
12 53956 Wanrong 110.83 35.40
13 53959 Yuncheng 111.02 35.03
14 53976 Jincheng 112.83 35.52

Meteorological data came from the China Meteorological Science Data Sharing Ser-
vice Network (http://cdc.cma.gov.cn/home.do (accessed on 18 November 2021)). These
included the daily rainfall, maximum temperature, and minimum temperature for 95 me-
teorological stations in Shanxi Province from 1975 to 2014. The wind speed data and the
locations of the weather stations were consistent with the reconstruction stations. We used
Tyson polygon to replace the weather conditions in the nearby area with the observation
data from the meteorological stations. Tyson polygon can consider that the weather con-
ditions in its area are homogeneous, so as to reduce the calculation amount of grid space
interpolation. Figure 2 shows the location of the weather stations and the distribution of
Tyson’s polygons.

http://cdc.cma.gov.cn/home.do
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Hydrological data came from the three runoff observation stations of Jingle, Yitang,
and Hejin (Table 2) on the main stream of the Fen River, which collected and sorted out
monthly natural runoff (i.e., removed the manmade effects of reservoirs and irrigation,
among others) at each station in the past years (1981–1999). The three stations served as
representative stations in the upper, middle, and lower reaches of the basin, respectively.

Table 2. Hydrological monitoring stations in the study area.

Name Longitude (◦) Latitude (◦) Area (km2)

Jingle 111.92 38.34 2799
Yitang 111.83 37 23,945
Hejin 110.80 35.57 38,728

In this study, soil vegetation and ground elevation data were mainly used as inputs
to the high-resolution VIC simulation framework in Shanxi Province. Among these, soil
vegetation data mainly included two parts: soil cover data and soil parameter data (Table 3).
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Table 3. DEM and soil data.

Data Type Data Sources Name Resolution

Digital elevation
(DEM)

United States Geological
Survey (USGS)

HyDRO1K digital
elevation data 1 km

Soil cover data University of Maryland
land cover dataset

Global land cover
dataset 1 km

Soil parameter data
Food and Agriculture

Organization of the United
Nations (FAO)

Global 5′ soil dataset 9 km

2.3. Method
2.3.1. Runoff and Soil Moisture Reconstruction of Shanxi’s Severe Drought in the Early
Years of Guangxu

The reconstructed monthly precipitation series at 95 stations in Shanxi Province from
1875 to 1879 were used as the meteorological driving data of the VIC model to reconstruct
the runoff and soil moisture series during the severe drought in Shanxi in the early years
of Guangxu. The reconstruction method of the monthly precipitation from 1875 to 1879
at 95 stations in Shanxi Province can be found in our previous research [61]. Since the
VIC model requires daily scale precipitation input, processing the reconstructed monthly
precipitation sequence daily is necessary. Since the study mainly focused on long-duration
drought events, the proportional coefficient method was used to correct the deviation and
downscaling of the monthly rainfall from 1875 to 1879 to ensure that the monthly rainfall
value after downscaling is not affected. Take the month of year i as an example. The specific
steps are as follows:

1. Select 1975 as the base year in the period with daily scale meteorological observations,
and divide the monthly rainfall of month j in year i by the monthly rainfall in month j
of the base year to obtain the rainfall correction coefficient ri, j in year i month j

2. Taking the daily rainfall sequence of month j in the base year as the benchmark and
multiplying by the correction coefficients ri, j, respectively, the daily rainfall sequence
of month j in year i can be obtained. Through the above downscaling method, the daily
rainfall sequences of 95 stations in Shanxi Province from 1875 to 1879 were obtained.
Combining the latitude and longitude positions and elevation information of each
station, the SYMAP method was used to interpolate the rainfall grid. Thereafter, the
daily rainfall sequence of each 1/8◦ grid in Shanxi Province from 1875 to 1879 was
obtained.

Due to the lack of relevant historical data, reproducing the temperature and wind
speed data from 1875 to 1879 is currently difficult. For this reason, this paper directly
selected multiyear average values from 1975 to 1979 as the meteorological driving input
required for the model simulation. The monthly runoff and soil moisture series of each
1/8◦ grid in Shanxi Province from 1875 to 1879 were reconstructed using the downscaling
daily meteorological series (rainfall, temperature, and wind speed) from 1875 to 1879 to
drive the VIC hydrological model.

2.3.2. VIC Model

The VIC model is a macroscale surface hydrological model that can solve the total
balance of water and energy. The VIC model is a grid-based model. It is used to simulate
historical and future water volume to help identify drought events.

The VIC model has been used worldwide [36,43,62,63]. The model aggregates weather,
land cover, and soil information to simulate long-term to hour-scale runoff, actual evap-
otranspiration, and soil moisture data [7,61]. The soil moisture calculated by the model
can capture the dry and wet conditions of an area [2,3,54,59]. Therefore, the VIC-based
simulation is reliable and reasonable for the drought in the study area.

The VIC model mainly comprises an evapotranspiration module, a soil module, and an
energy and material balance module. The evapotranspiration module divides the soil into
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upper and lower soil, which is specifically divided into five layers of soil for independent
simulation.

In each calculation grid and simulation step, the VIC model always follows the
principle of water balance:

∂S
∂t

= P− E− R (1)

where ∂S
∂t , P, E, and R represent the time period change of regional water volume, regional

time period precipitation, evapotranspiration, and runoff, respectively.
By coupling an independent confluence model, the VIC model converges the simulated

runoff in each grid to the outlet of the basin and simulates the flow process of the outlet
section. Figure 3 shows a research framework flow chart of this study.
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2.3.3. Model Calibration and Validation
Model Input

The input required by the VIC model is divided into two categories. One comprises
weather-driven data, such as rainfall, temperature, wind speed, and other variables. The
other constitutes DEM ground elevation data and land surface feature data, including
soil and vegetation information. In this study, Shanxi Province was divided into 1024
grids with a spatial resolution of 1/8◦ (12 km) to prepare the land surface parameters and
meteorological forcing grid data required by the VIC model.

(1) Meteorological forced input

The meteorological data required for the VIC model simulation mainly include rain-
fall, minimum, maximum, and average temperature, average wind speed, average water
pressure, solar radiation, and average relative humidity. On the basis of the meteorological
data from 95 meteorological stations in Shanxi Province from 1975 to 2009, this study used
the SYMAP algorithm to interpolate the daily observations of variables such as rainfall,
temperature, and wind speed at 95 stations to a grid with a spatial resolution of 1/8◦.
The interpolation considered the influence of altitude on temperature. So, far, a set of



Water 2023, 15, 995 8 of 20

VIC model meteorological forced input data (including rainfall, maximum temperature,
minimum temperature, and wind speed) covering the entire territory of Shanxi Province
with a spatial resolution of 1/8◦ was generated. The beginning and ending years are 1975
and 2009, respectively, and the time resolution is on a daily scale.

(2) Land surface parameters

The land surface parameters required by the model mainly include geographic in-
formation, land use, topography, and soil parameter data. In this paper, the global DEM
data with a resolution of 1 km were resampled to a spatial grid with a spatial resolution of
1/8◦ to obtain ground elevation information in Shanxi Province. The vegetation data used
the 1 km global land cover data from the University of Maryland database. On the basis
of the vegetation parameter file of the national VIC model with a resolution of 0.25◦, this
study used interpolation and other series of processing to obtain the vegetation coverage
data and terrain parameters of Shanxi Province 1/8◦ grid. These parameters are used as
a vegetation-type parameter database file required for the model and as a topography
parameter file. It should be noted that this research assumed that the vegetation type or
land cover in Shanxi Province remained unchanged during the research period (1875–1879).
The soil parameters required by the VIC model were derived from the global 5′ soil dataset
provided by the Food and Agriculture Organization of the United Nations (FAO). This
study processed these data to a 1/8◦ spatial resolution.

(3) Confluence model input

The data of the confluence module mainly include the regional precipitation unit line,
confluence flow direction, and other data. In this study, the flow direction file of the Fenhe
River Basin and the effective area ratio file of each 1/8◦ grid in the basin were extracted and
obtained. Since we focused on monthly scale simulation, we directly adopted the default
values provided by the model for the flow velocity, flow diffusion coefficient, monthly unit
line, and other parameters required by the confluence model; that is, the set flow velocity is
1.5 m/s, and the flow diffusion coefficient is 800 m2/s.

Model Calibration

In this study, the gridded (1/8◦) meteorological forcing dataset and land surface
parameter data generated from 1975 to 2009 were used to drive the VIC model to obtain the
daily sequence of surface and underground runoff for each grid in a specified time period.
Three runoff observation stations located in the main stream of the Fen River were selected.
The VIC model was calibrated and verified by comparing the observed runoff with the
simulated runoff. The calibrated parameters are shown in Table 4.

Table 4. List of calibrated and verified variable permeability (VIC) model parameters.

Parameter Description

binf Variable infiltration capacity curve parameters
d2 Upper soil depth
d3 Bottom soil depth

Dsmax Maximum base flow in the bottom soil

Ds
The proportion of Dsmax when the base flow

nonlinearly increases

Ws
The ratio of the maximum moisture content of the

bottom soil

We selected the natural runoff (i.e., runoff with no manmade effects from reservoirs,
irrigation) from the three runoff observation stations of Jingle, Yitang, and Hejin in the
Fenhe River Basin for 20 years (1981–2000) to calibrate the model parameters. On the basis
of the principle of climate similarity, the parameters of the calibrated area were further used
for the uncorrected area, and the model parameters of all 1/8◦ grids in Shanxi Province
were finally determined.
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In this study, the optimal combination of parameter simulation values was used to
simulate runoff and soil moisture content. Two quantitative statistical indicators, the Naxi
efficiency coefficient (Ef) and relative error (Er), were used to evaluate the effect of the
model parameter correction. The specific calculation formulas are as follows:

Ef = 1− ∑(Qi,o −Qi,s)
2

∑(Qi,o −Qo)
2 (2)

Er(%) =
(
Qs −Qo

)
/Qo × 100% (3)

where Qi,o and Qi,s refer to the observed and simulated discharge in month i (m3·s−1),
respectively. Qs and Qo refers to the observed and simulated multiyear average flow
(m3·s−1), respectively.

2.3.4. Meteorological Drought Indicator

We chose the soil moisture anomaly percentage (SMAP) and runoff anomaly percent-
age (RAP) as the diagnostic indicator of drought to characterize the temporal evolution
of drought in Shanxi Province during the early years of Guangxu in the Qing Dynasty
(1875–1879). SMAP (RAP) was used to characterize the degree of deviation of soil mois-
ture (runoff) in a certain period from the multiyear average, and it can directly reflect the
drought caused by the shortage of soil moisture (runoff).

Pa =
P− P

P
× 100% (4)

where Pa is the percentage of soil moisture (runoff) anomaly (%), P is the soil moisture
(runoff) in a certain period (mm), and P is the multiyear average of soil moisture (runoff) in
the same period (mm). Table 5 shows the drought grades of SMAP and RAP.

Table 5. The drought grades of SMAP and RAP.

Number Grade SMAP RAP

1 No drought −0.18 < SMAP −13 < RPA
2 Mild drought −0.18 < SMAP ≤ −0.49 −13 < RPA ≤ −28
3 Moderate drought −0.49 < SMAP ≤ −0.88 −28 < RPA ≤ −41
4 Severe drought −0.88 < SMAP ≤ −1.47 −41 < RPA ≤ −55
5 Extreme drought SMAP ≤ −1.47 RPA ≤ −55

3. Results
3.1. Model Applicability Evaluation

Figure 4 shows the comparison of the VIC-simulated and monthly observed runoffs
at each site during the calibrate period, with 1981–1990 being the calibrated period. On
a multiyear average scale, the relative errors between the VIC-simulated and observed
runoff values at the three stations were relatively low: −10.32%, 27.34%, and −2.33% for
the Jingle, Yitang, and Hejin stations, respectively. This shows that the multiyear average
value of the VIC simulation is very close to the observed value.

Figure 5 shows the comparison of the VIC-simulated and monthly observed runoff on
a multiyear average scale, the relative errors between the simulated and observed values
of the VIC runoff at the three stations were all relatively low: 11.91%, 30.66%, and 5.75%
for the Jingle, Yitang, and Hejin stations, respectively. This shows that the VIC-simulated
multiyear average value is very close to the observed value. This evaluation shows that the
corrected VIC model can successfully reproduce the interannual variation and long-term
trend of runoff in the Fenhe River Basin and can be used to reconstruct the water cycle
process of the Fenhe River Basin.



Water 2023, 15, 995 10 of 20Water 2023, 15, x FOR PEER REVIEW 11 of 22 
 

 

 
Figure 4. Regular comparison of the Variable Infiltration Capacity (VIC)-simulated and observed 
monthly runoff sequence rates at each hydrological station. (a) Jingle, (b) Yitang, (c) Hejin. 
Figure 4. Regular comparison of the Variable Infiltration Capacity (VIC)-simulated and observed
monthly runoff sequence rates at each hydrological station. (a) Jingle, (b) Yitang, (c) Hejin.



Water 2023, 15, 995 11 of 20Water 2023, 15, x FOR PEER REVIEW 12 of 22 
 

 

 
Figure 5. Comparison of the Variable Infiltration Capacity (VIC)-simulated and observed monthly 
runoff sequences at each hydrological station during the verification period. (a) Jingle, (b) Yitang, 
(c) Hejin. 

  

Figure 5. Comparison of the Variable Infiltration Capacity (VIC)-simulated and observed monthly runoff
sequences at each hydrological station during the verification period. (a) Jingle, (b) Yitang, (c) Hejin.

In order to verify the accuracy of the model in simulating soil moisture, model simula-
tions were compared with soil moisture observations. Their average values for each month
from January 1994 to December 2009 in the region were calculated to maintain spatial and



Water 2023, 15, 995 12 of 20

temporal consistency. Figure 6a shows the comparison of anomaly percentage between
model simulations and soil moisture observations at 0~50 cm depths in Shanxi. The scatters
in Figure 1 were fitted using linear equations. In this case, the R2 is 0.65 and the p value
is less than 0.01, which indicates that the model fits well. The slope and intercept of the
linear equation are 0.94 and 0.0006, respectively, demonstrating that the simulated soil
moisture has a good agreement with the observed values. Additionally, their autoregressive
coefficients from 1 to 12 months show similar trends, that is, they have similar periodicity
(Figure 6b). Overall, the verification of the VIC simulations in the soil moisture shows its
suitability of application over Shanxi Province.
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3.2. Runoff Reconstruction Results

The drought during the early Guangxu years was severe. According to historical
records, the longest continuous rainless period lasted for 340 days. The accompanying
famines, locust plagues, and epidemic diseases frequently occurred, which seriously af-
fected the region. According to local chronicles, the Yellow River, Fenhe, Huihe, and
Luanshui in the southern part of Shanxi all experienced a drastic reduction or even de-
pletion in precipitation during the 3 years of Guangxu. According to Zeng Guoquandi’s
August memoir, “Since the beginning of summer in Shanxi Province, the Weihe River has
been in a sluggish period of rain and the water in the Weihe River is shallow, and it is more
difficult to transport salt.” Although we are talking about the situation of the Weihe River,
the Weihe River is relatively close to the southwestern part of Shanxi, which to a certain
extent reflects the decrease in surface runoff in the southern part of Shanxi.

Figure 7 shows the spatial distribution of annual runoff depth in Shanxi Province from
1875 to 1879. Overall, the annual runoff depth in each region from 1875 to 1877 was less
than 60 mm. The runoff depth in 1875 was between 0.16 and 58.69 mm. In 1876, it was
between 0.41 and 43.47 mm, and in 1877, it was between 0.53 and 41.9 mm. Compared with
that from 1875 to 1877, the annual runoff depth increased from 1878 to 1879. The maximum
runoff depth in 1878 was 122.42 mm, and that in 1879 was 106.33 mm. With the grid used
as a unit, the proportions of areas with runoff depths less than 10 mm are counted year by
year. The results show that the proportions of such areas throughout Shanxi from 1875 to
1879 were 55%, 48%, 58%, 19%, and 30%, respectively. From 1878 to 1879, the proportions
of areas with runoff depths greater than 60 mm were 8% and 2%, respectively. It can be
seen that compared with that in 1878–1879, the hydrological drought in 1875–1877 was
more serious, and the area covered by drought was about 30% higher.
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In terms of regional averages, during the entire drought from 1875 to 1879, Shanxi’s
multiyear average annual runoff depth was only 16.34 mm. The annual average annual
runoff depths were 11.38, 11.58, 9.88, 29.79, and 19.10 mm. Spatially, from 1875 to 1879, the
runoff depth in the central part of Shanxi Province was less than 10 mm for many consec-
utive years. From 1875 to 1877, there was no obvious change in the spatial distribution
of the runoff depth. In 1878, the runoff depth in other regions was less than 10 mm. The
depth significantly increased, and the annual runoff depth in Changzhi in Shanxi Province
exceeded 70 mm. Compared with that in 1878, the runoff depth of the whole territory
decreased in 1879. The runoff depth in the southern region was significantly greater than
that in the northern region, showing obvious large and small spatial patterns in the south
and north, respectively.

3.3. Soil Moisture Reconstruction Results

Figure 8 shows the spatial distribution of the average soil moisture content in Shanxi
Province from 1875 to 1879. Overall, the various regions’ annual average soil moisture
content stabilized between 150 and 510 mm from 1875 to 1879. Among these, the average
annual soil moisture contents were from 159.7 to 484.5 mm in 1875, 159.7 to 469.2 mm in
1876, 160.5 to 459.9 mm in 1877, 160 to 484.9 mm in 1878, and 159.7 to 505.6 mm in 1879. The
figure shows that the interannual change in soil moisture content from 1875 to 1879 was
not noticeable. The distribution of soil moisture content throughout the years gradually
decreased from the central area to the surrounding areas. The central region, mainly the
upper and middle reaches of the Fenhe River Basin, has soil moisture content greater than
300 mm, accounting for 23% of the entire territory. The area with a soil moisture content of
less than 180 mm accounted for 31%.
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3.4. SMAP and RPA

The percentage of soil moisture abnormalities was low in 1875–1877 and higher in
1878–1879 (Figure 9). The first three years were relatively dry years, and the drought eased
in the next three years. The overall level is between −5 and 5%.
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Figure 9. Soil moisture and runoff abnormal percentage in Shanxi Province from 1875 to 1879. (a) Soil
moisture anomaly percentage (%). (b) Runoff anomaly percentage (%).

The percentage of abnormal runoff was similar to the percentage of abnormal rain
and soil moisture between 1875–1879, which was low in the first three years and relatively
high in the second two years. However, the variation range for the abnormal percentage of
runoff is much higher than the abnormal percentage of soil moisture. Especially in 1878,
the percentage of runoff anomalies varied from −25 to 200%.

Using the percentage of soil moisture abnormality as a drought indicator, the drought
area was relatively high during 1875–1877 (Figure 10). The drought area in the three years
was 73.3%, 78.7%, and 82.9%, and the extreme drought area was 14.6%, 19.7%, and 27.9%,
respectively. During 1878–1879, the arid area decreased significantly, and the non-arid area
accounted for 97.2% and 87.8%, respectively.
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Using the percentage of runoff abnormality as a drought indicator, the drought area
was also relatively high during 1875–1877. The drought area in the three years was 73.3%,
75.2%, and 81.7%, and the extreme drought area was 27.8%, 11.8%, and 21.3%, respectively.
During 1878–1879, the arid area decreased significantly, and the non-arid area accounted
for 99.6% and 80.7%, respectively.

In general, the drought was the most severe in 1877, followed by 1876, and the drought
relief in 1878 was the highest. In addition, the degree of variation in the runoff drought is
higher than that of soil moisture drought, and runoff is more affected by the environment
than soil moisture.

4. Discussion

In recent years, with the global climate changing abnormally, more intense local or
regional drought disasters frequently occur. In the future, the tendency of seasonal and
annual large-scale extreme drought events will increase [7]. However, previous studies
have not considered the occurrence and impact of drought events in historical periods [35].
Extreme drought similar to those in the historical period would pose serious threats to
food, drinking water, and ecological security if they were to occur in the present, with dire
consequences [21].

The “Yu–Xue–Fen–Cun” data from the Qing Palace Archives for the Qing Dynasty
are nationwide observation records of infiltration depth or snow thickness from 1736
to 1911 [14]. These are among the most reliable drought and flood series data for high-
resolution reconstruction [9]. The key issue that needs to be solved is quantifying the
“Yu–Fen–Cun” into precipitation for the quantitative reconstruction of typical historical
drought events [8]. This study simulates historical runoff and soil water data based on
historical observation data combined with the VIC model. This method provides an
important reference for the study of historical drought events and has broad application
prospects.

The study of historical climate is a window to predict the future climate. “Yu-Xue-Fen-
Cun” data have laid a solid data foundation for reproducing historical climate conditions.
We reconstructed the extreme drought in Shanxi Province from 1875 to 1879 based on
precious “Yu-Xue-Fen-Cun” data through the methods of intersection of social sciences and
natural sciences such as history, hydrology, and disaster studies. Of course, this study also
has shortcomings and limitations. In the process of establishing and verifying the model,
due to the complexity of the underlying surface, the Ef of the runoff simulated by the Hejin
Station during the verification period was only 0.44, and the simulation results were not
ideal (Figure 5). However, it is worth noting that the Ef of other sites are all greater than
0.6, which also shows that our method is feasible in the method of simulating historical
runoff and soil moisture based on historical observation data combined with the model.
In the future, more investment will be needed in the parameter setting process to ensure
that the simulation results of each site are satisfactory. In addition, due to the influence of
terrain, altitude, vegetation and other factors, many parameters vary from place to place,
such as snowfall density, rainfall infiltration coefficient, and soil parameters. Due to limited
data, we referred to existing research to set these parameters. Therefore, it may cause errors
in the results. However, from an overall point of view, the reconstructed precipitation
distribution in Shanxi Province, such as the multiyear precipitation spatial distribution
in Shanxi Province, has the characteristics of a dry northwest and humid southeast [20].
Therefore, the reconstructed data are reliable to a certain extent and can reflect historical
drought conditions in Shanxi from 1875 to 1875.

Due to the limitation of soil moisture data collection, the soil moisture results of the
model have not been verified. The reliability evaluation of the model in this study is mainly
based on surface runoff. Our next work will be to complete the collection of soil moisture
data as much as possible, and to complete the verification of soil moisture and surface
runoff of the VIC model in the future, which is a new direction of efforts in the future.
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This study can provide a reliable data basis for current drought assessment and future
drought prediction in Shanxi Province, as well as methodological guidance for historical
climate reconstruction research based on “Yu-Xue-Fen-Cun” data in different regions of
China [64]. In the future, we will further explore the parameter settings of the model
through investigations and experiments to obtain more accurate and complete historical
climate data. We will also further analyze the changes between the reconstructed historical
climate data and the current climate data, as well as its impact on agricultural production,
population economy, and other factors. We hope that these studies can make a little
contribution to the prediction of future climate change.

5. Conclusions

Since 1970, drought events have become more common worldwide, especially in
tropical and subtropical regions (IPCC, 2007). Drought may frequently occur, threatening
local society and agricultural development [39]. In this case, exploring the historical changes
in droughts is essential to provide references for drought prediction and mitigation. Using
the rain and snow records of the Qing Dynasty, this study reconstructed the runoff and soil
moisture series in the early years of Guangxu in the Qing Dynasty (1875–1879). On the
basis of the long sequence (>20 years) runoff observation data of three major hydrological
stations in the Fenhe River Basin in Shanxi Province, the parameters of the VIC model
were corrected, and a high-resolution (~10 km) VIC simulation framework suitable for
Shanxi Province was constructed. On this basis, the reconstructed monthly precipitation
sequence from 1875 to 1879 was downscaled into a continuous daily sequence to drive the
VIC hydrological model to reconstruct the monthly runoff and soil moisture series from
1875 to 1879 in Shanxi Province.

The spatial analysis shows that from 1875 to 1879, the proportions of areas with runoff
depths less than 10 mm in Shanxi were 55%, 48%, 58%, 19%, and 30%, respectively. From
1875 to 1877, the annual runoff depths in all regions were less than 60 mm. The drought was
more serious in 1877 and covered a large area. Overall, the annual average soil moisture
content of various regions from 1875 to 1879 was stable between 150 and 510 mm, and
the interannual variation in soil moisture content was not evident. The distribution of soil
moisture content throughout the years gradually decreased from the central area to the
surrounding area. The area with soil moisture content less than 180 mm accounted for as
high as 31% of the total area.

By combining hydrological models and historical records such as the rain and snow
records of the Qing Dynasty, we proved the possibility of reconstructing historical drought
events. This provides a feasible means for the quantitative monitoring of historical drought
events and a reference for future assessment of drought impacts.
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