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Abstract: The effective reconstruction of historical land use datasets is of great importance for
analyzing the process of long-term land cover changes, diagnosing the mechanism of climate
change, and evaluating the impact of human activities. Aimed at Vietnam, which has lacked
reconstructed results for historical cultivated land area in the past, this paper takes The Atlas of
World Population History, The World Economy: Volume 1: A Millennial Perspective and Volume 2:
Historical Statistics and International Historical Statistics: Africa, Asia & Oceania, 1750–1988 as
the basic population information, and obtains the total population at 16 key time points between
1500 and 2000 A.D. by interpolation and fusion of historical documents. Further, combined with
data for paddy field area, the ratio of paddy field area to cultivated land area, the grain ration
standard, land tax systems, paddy field yields, and ripening system, the process of change in
cultivated land area was deduced using two indicators of cultivated land area per capita and grain
possession per capita. The results showed that the cultivated land area of Vietnam has shown an
almost exponential upward trend over the past 500 years, with a slow increase before 1850 A.D.
and a rapid increase after 1850 A.D. Compared with global datasets such as the History Database
of the Global Environment (HYDE) 3.2 and SAGE, the results of this paper not only have a certain
consistency but they also have greater temporal resolution (50 years), and are more in line with the
fluctuations in the natural environment and of the social economy over historical periods.
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1 Introduction
Land use and cover change (LUCC) is considered to be one of the significant drivers of
global environmental change[1–3], among which changes in cropland area is an important part
of the study of past global changes. Such changes profoundly affect the global and regional
environment through changes in the physical conditions of the land surface (i.e., surface
albedo, radiative forcing, evapotranspiration, and soil erosion) and the biogeochemical
cycle[4–5]. At present, LUCC research, using reconstructed cultivated land data as its basis,
has made remarkable progress, forming the various global land use datasets represented by
HYDE, KK10, SAGE, etc.[6–10]. However, as the SAGE publisher has stated, the global
dataset is only applicable to global-scale studies, while its application to the regional scale is
subject to large uncertainties. [9] Further assessment of the reliability of global historical
LUCC datasets demonstrates that the historical cropland data for Germany and China in the
SAGE and HYDE datasets cannot objectively reflect the total amount of land reclamation
and the spatial distribution characteristics of the two countries during specific time
periods,[11–13] which greatly deviate from their ―true values‖ in the historical past. Therefore,
fully excavating regional historical documents and natural records in order to reconstruct the
LUCC process on a regional scale is not only vital for the study of regional historical
geography but also an urgent need to improve global LUCC datasets.
At present, due to the long history of agricultural and pastoral civilization and the
relatively detailed and continuous historical records, the eastern and southern regions of Asia,
the Americas, and parts of Africa have good conditions for regional land cover
reconstruction research[14], thus producing a large number of regional reconstruction results
over a long timescale[15–16]. However, the Indochina Peninsula, which also has a long
agricultural history, lacks accurate statistics for historical population and cultivated land area
due to its complicated political evolution, frequent internal wars, and poor preservation of
historical archives in the region. [17] Therefore, the reconstruction of cultivated land area in
the Indochina Peninsula has not been carried out systematically and thoroughly. This paper
collects information on population, land use, agriculture, and taxes from Vietnamese
historical records, and constructs a quantitative relationship between cultivated land area and
population in different historical periods, so as to reconstruct the changes of cultivated land
area during the past 500 years.

2 Metadata of dataset
Table 1 lists the metadata information relating to the cultivated land area dataset for Vietnam
from 1500 to 2000 A.D.[18].

3 Methods
3.1 Data Sources
The source data used in the construction of this dataset included basic information on four
aspects, namely, population; paddy field (cultivated land) area and ratio of paddy field area
to cultivated land area; expenditure on grain, including grain ration, public grain, and
surplus grain; paddy yield and farming system. Of these data sources, population data used
The Atlas of World Population History,[20] The World Economy: Volume 1: A Millennial
Perspective and Volume 2: Historical Statistics[21] (hereafter referred to as The World
Economy), and International Historical Statistics: Africa, Asia & Oceania, 1750–1988[22]
(hereafter referred to as International Historical Statistics) as the main data sources for
different historical periods.
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Table1 Metadata summary of cultivated land area dataset for Vietnam reconstructed from historical
documents (1500–2000 A.D.)
Item
Dataset full name
Dataset short name
Authors

Description
Dataset of cultivated land area in Vietnam reconstructed from historical documents (1500–2000
A.D.)
CultivatedLandVietnam_1500-2000

Geographical region

Liu, H. L., Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, liuhl@igsnrr.ac.cn
Liu, X., Institute of Geographic Sciences and Natural Resources Research, Chinese Academy
of Sciences, liuxian211@mails.ucas.ac.cn
He, F. N., Institute of Geographic Sciences and Natural Resources Research, Chinese Academy
of Sciences, hefn@igsnrr.ac.cn
Vietnam

Data time period

1500–2000 A.D.

Temporal resolution

50 years for 1500–1800 A.D., 20–30 years for 1800–1900 A.D., 10 years for 1900–2000 A.D..

Data Formats

.xlsx

Data size

12.5 KB

Dataset components

Year, population, and national cultivated land valuation

Foundation(s)

National Key Research and Development Program (2017YFA0603304)

Data publisher

Global Change Research Data Publishing & Repository, http://www.geodoi.ac.cn

Address

No. 11A, Datun Road, Chaoyang District, Beijing 100101, China

Data sharing policy

Data from the Global Change Research Data Publishing & Repository includes metadata,
datasets (in the Digital Journal of Global Change Data Repository), and publications (in the
Journal of Global Change Data & Discovery). Data sharing policy includes: (1) Data are
openly available and can be free downloaded via the Internet; (2) End users are encouraged to
use Data subject to citation; (3) Users, who are by definition also value-added service
providers, are welcome to redistribute Data subject to written permission from the GCdataPR
Editorial Office and the issuance of a Data redistribution license; and (4) If Data are used to
compile new datasets, the ‗ten per cent principal‘ should be followed such that Data records
utilized should not surpass 10% of the new dataset contents, while sources should be clearly
noted in suitable places in the new dataset [19]
DOI, CSTR, Crossref, DCI, CSCD, CNKI, SciEngine, WDS/ISC, GEOSS

Communication and
searchable system

The paddy field (cultivated land) area and ratio of paddy field area to cultivated land area
in Vietnam in different time periods took the official land census data for the feudal dynasty
period (1500–1885 A.D.), the French colonial period (1885–1954 A.D.), and the
independence period (since 1954 A.D.) directly recorded or reproduced from Da Nan
Unified History[23], International Historical Statistics, The World Bank: World Development
Indicators[24] (hereafter referred to as The World Bank), Current Situation of Vietnam under
French Rule[25], Vietnamese Village Community [26], and other documents as the main data
sources.
In order to determine the data needed for the calculation of grain possession per capita in
the feudal period of Vietnam, this paper used the amount of grain payment and the
corresponding populations of twelve provinces in Vietnam during the Jialong period
(1802–1819 A.D.) recorded in Da Nan Unified History to obtain the amount of public grain
payment per capita. However, the expenditure standard of grain rations and surplus grain in
the same period could not be obtained directly because of the current condition of
Vietnamese historical records. It was therefore determined by referring to the relevant data
for Chinese society[27], in view of the fact that the Vietnamese ethnic group is relatively
similar to that in the area south of the Yangtze River in China, with similar physiques, food
preferences, and modes of agriculture.
As for the paddy yield in different historical periods, the yield of paddy fields in 1930 A.D.
during the French colonial period[25] was taken to be the same as that in the feudal dynasty
period, given that the traditional small-scale farming mode continued to be used during the
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colonial period in Cochin-China[28], and agricultural technology did not greatly improve
during the latter period. In addition, the crop cultivation system used in Vietnam during the
feudal dynasty period can be classified as biannual, based on the common situation in
densely populated areas of Southeast Asia in the 16th century, as recorded in relevant
research monographs[29].
Of the abovementioned basic data sources, The Atlas of World Population History records
the population growth, deaths, and migrations in each country in each historical period, as
well as an estimated result for total population, which has been applied to the transformation
of the agricultural population growth pattern in early modern Britain [30]. The International
Historical Statistics has collected and summarized the statistical data for population, land,
economy, trade, and other aspects of most regions of the world since the latter half of the
19th century, which is one of the few modern socioeconomic datasets in the world with a
complete time series by country. The late Prof. Angus Maddison, the author of The World
Economy, is recognized as the most authoritative expert on economic history data analysis in
the world. In his book, the results for economic analysis of historical data and materials
unearthed by scholars from various countries have been applied to a historical comparison of
the economic gap between China and the West [31] and the history of low-carbon transition in
Germany[32]. In addition, the local gazetteer of Vietnam—Da Nan Unified History—is a
precious ancient source for the study of Vietnamese history and geography. This gazetteer is
well structured, top-to-bottom, and contains detailed information on boundaries, divisions,
establishment and evolution, division of jurisdiction, climate, cities, household registration,
land tax, and other information, and is known as ―the most important historical material in
the general gazetteers of the Nguyen Dynasty of Vietnam.‖ [33].
3.2 Technical Route
The construction of our dataset involved a two-part process: the data for cultivated land area
after 1950 A.D. were adopted directly from The World Bank, while the data from 1500–1950
A.D. were reconstructed using the technical route shown below in Figure 1, which is divided
into four key technical links, including the construction of population sequence, the
calculation of paddy field area or grain possession per capita, the accounting of the total area
of cultivated land, and the comparison and verification of the results.

Figure 1

Technical route for reconstructing cultivated land area in Vietnam between 1500 and 1950 A.D.

When constructing the population sequence for Vietnam, the population data since 1500
in the three population datasets mentioned above were first drawn as a graph (Figure 2).
Through comparative analysis, it was found that the degree of convergence and
superposition for each set of data in different periods was good, and was also in line with the
population wave dynamics under the influence of natural and socioeconomic factors in
specific time periods, which are described in The Social and Economic History of the
Nguyen Dynasty in Vietnam [17] (hereafter referred to as The Social and Economic History of
the Nguyen Dynasty). Therefore, the time-segment selection and interpolated results for each
population dataset are shown as follows: (1) the population from 1500 to 1800 A.D. adopts
A.D.
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the data with centennial resolution in the same period from The Atlas of World Population
History. However, as the temporal resolution of this population data is low, this paper also
interpolates the population values at two key time points, 1550 and 1750 A.D., with the help
of the population declines caused by natural disasters and wars during the Nguyen Dynasty
described in The Social and Economic History of the Nguyen Dynasty. Based on the average
annual growth rate, the population in 1650 A.D. was estimated from those in 1600 and 1700
A.D.; (2) the population from 1800 to 1921 A.D. is based on the data for different time
points in The Atlas of World Population History and The World Economy; (3) the population
from 1921 to 1950 A.D. is based on the data for each time point in the same period contained
in International Historical Statistics and The World Economy.

Figure 2 Comparison of historical population datasets from three sources in Vietnam for the period 1500
to 1950 A.D.

After constructing the historical population sequence, the two reconstruction algorithms
for cultivated land area used in different periods were defined as follows:
(1) The first algorithm is based on the cultivated land (paddy field) area per capita, aimed
at the reconstructed time points from 1500 a.d. to 1950 a.d. The algorithm is given by
Equation (1):
Hk  Pk
Ck 
(1)
Gk
where Ck is the total area of cultivated land in the region, Hk is the population of the region,
Pk is the paddy field area per capita in the region, and Gk is the ratio of paddy field area to
cultivated land area in the region.
(2) The second algorithm is based on the method of grain possession per capita, aimed at
the reconstructed time points from 1500 A.D. to 1885 A.D. The algorithm is given by
Equation (2).
(2)
Hk  Fk
Ck 
Uk  Gk  Ok
where Ck, Hk, and Gk are the same variables as defined in Equation (1), Fk is the level of
grain possession per capita in the region, Uk is the paddy yield per unit area in the region,
and Ok is paddy-ripening system in the region.

4 Data Results and Validation
4.1 Data Composition
Dataset of cultivated land area in Vietnam reconstructed from historical documents
(1500–2000 A.D.) is composed of a table, and the result is shown in Table 2.
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4.2 Reconstructed Results and Validation of Population Data
As can be seen from the reconstructed results (Figure 3), the population of Vietnam has
shown a fluctuating upward trend over the past 500 years: (1) during the century from 1500
to 1600 A.D., the population first increased and then decreased, with an average annual
growth rate of 2.14‰; (2) during the century from 1600 to 1700 A.D., the population
showed a slow growth trend, with an average annual growth rate of 1.92‰; (3) during the
century from 1700 to 1800 A.D., the population first decreased and then increased, with an
average annual growth rate of 2.88‰; (4) during the 50 years from 1800 to 1850 A.D., the
population again showed a trend of first increasing and then decreasing, with an average
annual growth rate of 8.14‰; (5) during the century from 1850 to 1950 A.D., the population
showed an exponential growth trend, with an average annual growth rate of 14.51‰.

Figure 3 Comparison of reconstructed population results between those for the whole of Vietnam and the
north of the country from 1500 to 1950 A.D.
Table 2
Historical
period
Feudal dynasty

Colonial period

Independent
period

Reconstructed dataset of cultivated land area in Vietnam (1500–2000 A.D.)

Year

Population
(× 103)

1500
1550
1600
1650
1700
1750
1800
1820
1850
1870
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000

2,000[20]
2,724
2,476[20]
2,725
3,000[20]
2,550
4,000[20]
6,313[21]
6,000[20]
10,146[21]
11,500[20]
13,780[20]
15,615[20]
17,477[22]
21,270[22]
25,348[21]






Cultivated land area(Unit: 103 hm2)
Reconstructed results based Reconstructed results
on cultivated land(paddy
based on grain
Statistical data[24]
field) area per capita
possession per capita
350.69
365.27

477.64
497.50

434.16
452.21

477.89
497.76

526.04
547.91

447.13
465.72

701.38
730.54

1,106.95
1,152.98

1,052.07
1,095.81

1,779.05
1,853.01

2,827.87


3,388.52


3,839.75


4,297.62


4,576.54


5,453.98


5,550.00


5,630.00


5,940.00


5,339.00


6,200.00
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In order to verify the rationality of the reconstructed results obtained in this paper, we
also compared them with the population change trend in northern Vietnam from 1500 to
1800 A.D., estimated from The Social and Economic History of the Nguyen Dynasty, which
is based on the number of historical villages and communities (Figure 3). The result of the
comparison shows that the fluctuations in the two curves are consistent, and both show the
―two ups and two downs‖ in the population development during the past 300 years. It should
be pointed out that the population of northern Vietnam at each time point estimated in The
Social and Economic History of the Nguyen Dynasty is much higher than the population of
the whole country calculated in this paper. In this regard, we believe that the estimated
results contained in this book remain to be discussed. This book also notes that the
population of northern Vietnam accounted for 55% of the total population of the country, [17]
so it can then be calculated that the total population of Vietnam in 1730 A.D. was 11,766,000,
which exceeded that of 1900 A.D., which was 11,500,000. A lack of knowledge of the
differences in the sizes of villages and communities may be the reason for the incorrect
estimated results obtained in The Social and Economic History of the Nguyen Dynasty.
4.3 Reconstructed Results and Comparison of Cultivated Land Areas
4.3.1 Reconstructed Results
The reconstructed results for cultivated land area in Vietnam during the past 500 years based
on cultivated land area per capita are shown in Figure 4, from which we can discern three
characteristics: (1) the cultivated land area of the country shows a generally fluctuating
upward trend, with three ―bottoms,‖ in 1600, 1750, and 1850 A.D.; (2) before 1850 A.D., the
growth rate of cultivated land was relatively slow, with an average annual growth rate of
3.14‰; (3) after 1850 A.D., the cultivated land area increased at a high rate in an approximate
straight line, with an average annual growth rate of 11.90‰. It should also be noted that there
is not much difference between the value of cultivated land area based on grain possession per
capita and the value based on cultivated land area per capita, with a relative deviation of only
4.07%, in general, which shows that the two estimated results are relatively consistent.

Figure 4

Reconstructed results for cultivated land area in Vietnam from 1500 to 2000 A.D.

4.3.2 Comparison with Results for Vietnam in Other Global Datasets
The reconstructed results for cultivated land area in Vietnam in this paper were compared
with those in the HYDE 3.2, SAGE, and other global datasets (Figure 5), which showed that:
(1) the trends of the latter two datasets before 1800 A.D. were close to the results obtained in
this paper, with a minimum relative deviation of 3.20% in value, and that the consistency
among the three datasets was good; (2) although the temporal resolution of the latter two
datasets since 1800 A.D. has been improved to 10 years and 1 year, respectively, the details
of the change process are quite different from the results in this paper, and the deviations at
most time points are higher than those before 1800 A.D.
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Because the temporal resolution of the HYDE 3.2 dataset before 1700 A.D. is only 100 years
and the SAGE dataset lacks data before 1700 A.D., it is difficult to reflect the fluctuations in
land reclamation rates caused by natural or social events lasting only a few years or decades in
Vietnam before 1700 A.D. Moreover, the idea for reconstruction of the global datasets is based
on backward extrapolation of modern cropland area, and lacks the support of population and
land statistics for the historical period, which leads to an overly smooth curve for the
reconstructed results. Based on the above analysis, we believe that the results in this paper
better depict the changes in cultivated land area in Vietnam during the past 500 years.

Figure 5 Comparison of different reconstructed results for cultivated land areas in Vietnam for the period
1500–2000 A.D.

5 Discussion and Conclusion
The method behind the idea for reconstructing population and land area data developed in
this paper was to first revise and interpolate the population sequence of Vietnam over the
past 500 years, and then to reconstruct the national cultivated land area at multiple time
points based on cultivated land per capita and grain possession per capita. The reconstructed
results include a data file stored in Microsoft Excel format, consisting of reconstruction
years, population, cultivated land area calculated based on cultivated land area per capita
and grain possession per capita. The size of this data file is 12.5 KB, and the time resolution
of this dataset is 50 years for 1500–1800 A.D., 20–30 years for 1800–1900 A.D., and 10
years for 1900–2000 A.D.
The cultivated land area reconstructed for Vietnam over the past 500 years shows an almost
exponentially increasing trend, with a slow increase before 1850 A.D. and then a rapid increase
after 1850 A.D. This result lays a data foundation for determining the spatial distribution of
cultivated land in Vietnam in different historical time periods. Due to the long history of mutual
aggression between the countries of the Indochina Peninsula, the territories of these countries
have changed greatly over time. Therefore, the next step in this study is to select appropriate
spatial distribution factors for grid distribution of cultivated land area in Vietnam based on the
definitions of national territorial boundaries in different historical time periods.
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