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Abstract
To reveal the variation characteristics of hydrothermal resources in the jujube
planting areas of the Loess Plateau of Northern Shaanxi and provide a scien-
tific basis for the local jujube industry to adapt to climate change, this study
utilized temperature and precipitation data from 8 meteorological stations in
the jujube planting areas of the Loess Plateau of Northern Shaanxi from 1971
to 2019, as well as projected climate change data for 2021–2050 under medium
(RCP4.5) and high (RCP8.5) emission scenarios, and analyzed the variation
characteristics of temperature and precipitation using linear trend estimation,
Mann-Kendall (M-K) test, and Morlet wavelet analysis. The results show that
over the past 49 years, the annual and growing-season average temperatures in
the jujube planting areas exhibited a significant increasing trend, with abrupt
changes occurring in 1991 and 1993, respectively, and a periodic variation of
44 years. The annual and growing-season precipitation showed a non-significant
increasing trend, with a periodic variation of approximately 31 years, and no
abrupt change occurred. During 2021–2050, under both RCP4.5 and RCP8.5
scenarios, the annual and growing-season average temperatures showed an in-
creasing trend, with more significant warming under the RCP8.5 emission sce-
nario, and the annual average temperature underwent an abrupt change in 2027.
Under both emission scenarios, the annual and growing-season average tempera-
tures exhibited a periodic variation of approximately 31 years. The annual and
growing-season precipitation showed a non-significant decreasing trend under
the RCP4.5 emission scenario and a non-significant increasing trend under the
RCP8.5 emission scenario; no abrupt change in precipitation occurred. Under
the RCP4.5 scenario, the annual and growing-season precipitation exhibited a
periodic variation of 23–31 years; under the RCP8.5 scenario, a periodic varia-
tion of 7 years was observed. The jujube planting areas of Northern Shaanxi
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should actively adapt to climate change, adjust planting layouts, select suitable
jujube varieties, and promote the sustainable and healthy development of the
jujube industry in Northern Shaanxi.

Full Text
Change and Trend Prediction of Water and Heat Resources
in Jujube Planting Areas of the Loess Plateau in Northern
Shaanxi
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Shaanxi Meteorological Service Center of Agricultural Remote Sensing and Eco-
nomic Crops, Xi’an 710014, Shaanxi, China

Abstract

To reveal the variation characteristics of water and heat resources in jujube
planting areas of the Loess Plateau in northern Shaanxi and provide a scien-
tific basis for the local jujube industry to adapt to climate change, this study
analyzed temperature and precipitation data from 1971 to 2019 and projected
climate data from 2021 to 2050 under medium (RCP4.5) and high (RCP8.5)
emission scenarios. Linear trend estimation, Mann-Kendall abrupt change test,
and Morlet wavelet analysis were employed to examine the climatic characteris-
tics. The results show that from 1971 to 2019, both annual mean temperature
and growth-season mean temperature exhibited significant increasing trends,
with abrupt changes occurring in 1991 and 1993, respectively, and displayed a
quasi-periodic oscillation of approximately 44 years. Annual precipitation and
growth-season precipitation showed non-significant increasing trends with a pe-
riodicity of about 31 years, without abrupt changes. Under both RCP4.5 and
RCP8.5 scenarios for 2021-2050, annual and growth-season mean temperatures
are projected to continue rising with a 31-year periodic cycle. Precipitation is
projected to decrease under RCP4.5 but increase under RCP8.5, though neither
trend is statistically significant. Both scenarios indicate periodic variations of
23-31 years for precipitation. With increasing heat resources, the suitable ju-
jube cultivation zone may expand northward, and phenological periods will shift.
While warming improves winter survival of jujube trees, it also facilitates over-
wintering of pests and diseases. Increased precipitation may alleviate drought
stress but elevate fruit cracking risks during the maturation stage. It is recom-
mended to optimize climate resource utilization, adjust planting layouts, and
select crack-resistant varieties to ensure sustainable development of the jujube
industry in northern Shaanxi.

Keywords: climate scenario; change trend; growth season; Loess Plateau of
northern Shaanxi
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1 Introduction
Jujube is a light- and temperature-loving, drought-resistant crop with strong
adaptability, often called “iron crop.”The Yellow River coast of the Loess
Plateau in northern Shaanxi represents a primary cultivation region for high-
quality dried jujube (Zhongyang Muzao). With a planting area of approximately
19$×10^{4}$ hm2 and annual output of 74.87$×10^{4}$ t, the jujube industry
has become a leading agricultural sector in the Loess Plateau region of northern
Shaanxi, delivering substantial economic, social, and ecological benefits. The
region belongs to arid and semi-arid zones, constituting a typical ecological tran-
sition belt with fragile ecosystems, poor soil fertility, and scarce water resources.
Global climate change has significantly impacted climatic conditions in the ju-
jube planting areas, posing severe pressures on the ecological environment and
presenting various challenges to jujube production.

In recent years, numerous scholars have employed various research methods to
investigate past and future trends of climate elements such as temperature and
precipitation across different regions. Many domestic scholars have used dif-
ferent statistical analysis methods to examine climate resource changes during
crop growth periods in Northwest China, temperature and precipitation vari-
ations in Northeast and North Central China, and spatiotemporal changes in
temperature and precipitation on the Loess Plateau. Some scholars have also
utilized different climate change projection models to simulate future trends of
water and heat resources in various regions. Regarding climate change impacts
on jujube planting areas along the Shaanxi-Shanxi Yellow River coast, Shaanxi
meteorological workers have conducted extensive research, revealing spatiotem-
poral variation characteristics of climate resources (light, temperature, water)
over the past 40 years and their effects on jujube phenology and meteorological
disasters. Fine-scale climate suitability zoning for Zhongyang Muzao and im-
pact assessments of climate change on dried jujube suitable areas have also been
performed. However, research on jujube planting areas in the Loess Plateau of
northern Shaanxi remains relatively limited, particularly regarding water and
heat resource changes and predictions under climate scenario projection models,
as well as comparative analyses between past and future conditions. This study
addresses this gap by analyzing eight representative counties in the region.

1.1 Study Area and Data Sources

This study selected eight jujube-producing counties in Yulin and Yan’an cities
of northern Shaanxi as the research area: Fugu, Shenmu, Jiaxian, Wubu, Suide,
Qingjian, Yanchuan, and Yanchang. Daily meteorological data including aver-
age temperature and precipitation from 1971 to 2019 for these counties were
obtained from the Shaanxi Meteorological Information Center. Future climate
projection data were derived from the RegCM4 regional climate model, using
outputs from the BCC_{CSM1}.1 global climate system model under RCP4.5
and RCP8.5 emission scenarios for 2021-2050. The model has a horizontal res-
olution of 50 km × 50 km. Bilinear interpolation was applied to convert grid
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data to meteorological stations in the study area, generating monthly tempera-
ture and precipitation time series. By comparing model outputs for 1971-2005
with observed data, a difference transfer function was established and applied
to correct the projected dataset, yielding a bias-corrected monthly temperature
and precipitation dataset for the jujube planting area.

1.2 Research Methods

Linear trend fitting, Mann-Kendall abrupt change test, and Morlet wavelet func-
tion were used to analyze interannual variation trends, abrupt changes, and
periodic patterns of annual and growth-season (April-October) average temper-
ature, monthly temperature, annual precipitation, growth-season precipitation,
and monthly precipitation in the jujube planting area along the Yellow River
coast of northern Shaanxi.

2 Results and Analysis
2.1 Historical Climate Change Characteristics

2.1.1 Temperature Changes From 1971 to 2019, the multi-year mean values
of annual average temperature and growth-season average temperature in the
planting area were 9.8°C and 19.5°C, respectively, with climate tendency rates
of 0.45°C・(10a)−1 and 0.38°C・(10a)−1. Both showed increasing trends, with
the highest values reaching 18.4°C. Monthly average temperatures displayed up-
ward trends, with the highest tendency rate and most significant warming in
July, followed by June, and the lowest in January (Table 1). Mann-Kendall
test indicated abrupt changes from cold to warm periods for annual and growth-
season average temperatures in 1991 and 1993, respectively, with temperature
differences of 0.6°C and 0.5°C before and after the abrupt changes. Morlet
wavelet analysis revealed that the annual average temperature sequence had
a large-scale center around 44 years, with the oscillation center not closing,
indicating continued warming. The temperature experienced cold-warm alter-
nations, with the maximum energy at the 44-year scale representing the main
period, and small-scale centers mainly at 4-9 years. The wavelet variance dia-
gram showed three obvious peak points, with the main period being 44 years
and secondary periods of 8 years and 4 years (Figure 2). The wavelet transfor-
mation of growth-season average temperature was similar, with a large scale at
44 years and small-scale centers mainly at 4-9 years, with a main period of 44
years and secondary period of 8 years.

[Figure 1: see original paper]

[Figure 2: see original paper]

2.1.2 Precipitation Changes Annual precipitation and growth-season pre-
cipitation showed non-significant increasing trends, with climate tendency rates
of 10.2 mm・(10a)−1 and 15.0 mm・(10a)−1, respectively (P > 0.05). Monthly
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precipitation showed varying trends, with some months increasing and others
decreasing non-significantly (Table 1). Mann-Kendall tests revealed no signifi-
cant abrupt changes in annual or growth-season precipitation. Wavelet analysis
indicated that annual precipitation had a primary period of approximately 31
years, with secondary periods of 7-12 years and 3-9 years (Figure 3).

[Figure 3: see original paper]

2.2 Future Climate Projection

2.2.1 Projected Heat Resource Trends Under Future Climate Sce-
narios Under the medium emission scenario (RCP4.5), the annual average
temperature in the jujube planting area of northern Shaanxi is projected to be
11.4°C, an increase of 1.2°C compared to the past, with a maximum interannual
difference of 13.0°C. The growth-season average temperature is projected to be
19.5°C, an increase of 1.1°C. No abrupt changes are projected. A 31-year oscilla-
tion period exists, showing regional characteristics and cold-warm alternations.
The large-scale oscillation center is located around 2000, with maximum energy
representing the main period. Small-scale centers are mainly at 4-9 years, with
main and secondary periods of 31 years and 8 years, respectively (Figure 4).
Monthly average temperatures show increasing trends, with only May passing
significance tests (P < 0.05). The growth-season temperature shows a non-
significant increasing trend with a climate tendency rate of 0.14°C・(10a)−1 (P
> 0.05).

Under the high emission scenario (RCP8.5), the annual average temperature
is projected to be 11.7°C, representing increases of 1.5°C and 0.3°C compared
to the historical period and RCP4.5 scenario, respectively. The maximum in-
terannual difference reaches 13.2°C. The growth-season average temperature is
projected to be 20.0°C, with increases of 1.6°C and 0.5°C compared to the histor-
ical period and RCP4.5 scenario, respectively. The annual average temperature
shows a significant increasing trend with a climate tendency rate of 0.38°C・
(10a)−1 (P < 0.05), with more pronounced warming than under RCP4.5. All
monthly temperatures increase, with May and July showing significant upward
trends. The growth-season temperature increases at a rate of 0.47°C・(10a)−1 (P
< 0.05). Mann-Kendall tests show an abrupt change in annual average temper-
ature around 2031, with a mean difference of 0.6°C before and after the change.
No abrupt change is projected for growth-season temperature. Both annual and
growth-season temperatures exhibit a primary period of 31 years and secondary
periods of 11 years and 9 years, experiencing cold-warm alternations.

2.2.2 Projected Water Resource Trends Under Future Climate Sce-
narios Under the RCP4.5 scenario, annual precipitation is projected to range
from 223 to 765 mm, showing a non-significant decreasing trend with a climate
tendency rate of -5.61 mm・(10a)−1 (P > 0.05). Precipitation during the growth
season is projected to be 207-691 mm, also showing a non-significant decreasing
trend. Monthly precipitation shows mixed trends, with some months increasing
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and others decreasing non-significantly. Mann-Kendall tests indicate no signif-
icant abrupt changes in annual or growth-season precipitation. Both annual
and growth-season precipitation exhibit a primary period of 23-31 years, with
secondary periods of 7-12 years and 3-9 years.

Under the RCP8.5 scenario, annual precipitation is projected to range from 343
to 899 mm, showing a non-significant increasing trend with a climate tendency
rate of 19.66 mm・(10a)−1 (P > 0.05). Growth-season precipitation is projected
to be 280-809 mm, with an increasing trend. Monthly precipitation shows vary-
ing trends, with May and July exhibiting significant increases. Mann-Kendall
tests show no significant abrupt changes. Both annual and growth-season pre-
cipitation display a primary period of 22-30 years and secondary periods of 7-12
years and 3-9 years.

3 Conclusions
This study reveals that from 1971 to 2019, both annual mean temperature
and growth-season mean temperature in the jujube planting area of the Loess
Plateau in northern Shaanxi showed significant increasing trends, with abrupt
changes occurring in the early 1990s. Monthly average temperatures increased,
with July showing the most significant warming. Annual and growth-season
precipitation showed increasing trends, indicating a warming-wetting climate
characteristic. Temperature exhibited a primary period of approximately 44
years, with cold-warm alternations and unclosed curves suggesting continued
warming. Precipitation showed a primary period of about 31 years, with wet-
dry alternations and unclosed curves indicating persistent wet conditions.

Under the RCP4.5 scenario, both annual and growth-season mean temperatures
are projected to increase, while precipitation is projected to decrease. Under the
RCP8.5 scenario, temperatures will increase more significantly, and precipita-
tion will also increase, though not significantly. Both emission scenarios project
increasing heat resources, with more pronounced warming under RCP8.5.

4 Discussion
The rising temperatures in the jujube planting area of northern Shaanxi will
extend the growth period and delay dormancy. The warming rate in spring
(March-May) exceeds the annual average, which will advance the budding period.
While warming improves winter survival rates of jujube trees, it also facilitates
overwintering of pest eggs, increasing the potential threat of diseases and pests.
Effective measures are needed to prevent and control jujube pests and diseases.

Under the RCP8.5 scenario, precipitation shows an increasing trend, which can
alleviate drought stress on jujube growth. However, increased precipitation dur-
ing the maturity period will also increase the risk of fruit cracking, severely
affecting yield and quality. Overall, changes in water and heat resources in
the jujube planting area of northern Shaanxi present more opportunities than
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challenges. It is essential to fully exploit climate resource potential, appropri-
ately adjust planting layouts and scales, and select crack-resistant varieties to
promote sustainable and healthy development of the jujube industry.
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