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Abstract
Drought disaster constitutes one of the primary meteorological hazards in the
Beijing-Tianjin-Hebei region, profoundly impacting socioeconomic development
and food security. Assessing drought disaster risk in this region and identify-
ing high-risk zones aims to provide scientific references for disaster prevention
and emergency management. Utilizing daily precipitation data from 37 mete-
orological stations spanning 1958–2017, the Standardized Precipitation Index
(SPI6) was computed, and run theory was employed to define drought dura-
tion and drought intensity. The Kolmogorov-Smirnov (K-S) test and Akaike
Information Criterion (AIC) method were respectively applied to determine the
optimal marginal distribution functions and Copula function for these indicators,
thereby calculating return periods of drought intensity and drought duration at
the 5-year, 10-year, 30-year, and 50-year return levels. The results demonstrate
that SPI6 in the Beijing-Tianjin-Hebei region has exhibited a declining trend
since the mid-1960s; the exponential distribution and generalized extreme value
distribution represent the optimal marginal distributions for drought duration
and drought intensity, respectively, while Frank Copula demonstrates the best
fit for modeling the joint probability distribution; regarding joint return periods
of drought duration and intensity, areas including Beijing, Cangzhou, Hengshui,
and northern Chengde exhibit longer return periods and thus lower risk at the
30-year and 50-year levels, whereas other regions demonstrate higher risk; and
theoretical values of joint return periods for station-based drought disasters
align well with actual observations, effectively reflecting real-world disaster con-
ditions.
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1. Introduction and Methods
1.1 Study Area and Data

The Beijing-Tianjin-Hebei region is located between 113°04�–119°53�E and
36°01�–42°37�N, covering an area of approximately 93,825 km² with a population
of 1.11×10� and GDP of 8.2559×10¹² yuan (2017 data). The region faces
serious drought risks that threaten economic development and food security.

Based on precipitation data from 37 meteorological stations during 1958–2017,
we calculated the 6-month Standardized Precipitation Index (SPI6). Drought
duration and severity were identified using run theory, with drought events
defined as periods where SPI6 � -0.5. The run theory identifies drought charac-
teristics through three key parameters: drought duration (D), severity (S), and
intensity (I). Specifically, when SPI6 falls below -1.0, it marks the beginning
of a drought event; when SPI6 rises above -0.5, the event ends. The cumula-
tive SPI6 value during the event represents drought severity, while intensity is
calculated as severity divided by duration.

1.2 Methodology

Marginal Distribution Fitting: We employed the Kolmogorov-Smirnov (K-
S) test to evaluate the goodness-of-fit for marginal distributions. Candidate dis-
tributions included exponential, gamma, Weibull, log-normal, and generalized
extreme value (GEV) distributions. The Akaike Information Criterion (AIC)
was used for optimal distribution selection:
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𝐴𝐼𝐶 = 𝑛 log(
√

𝑀𝑆𝐸) + 2𝑙

where 𝑛 is sample size, 𝑀𝑆𝐸 is mean squared error, and 𝑙 is the number of
parameters.

Copula Functions: Archimedean Copulas were selected for constructing joint
distributions due to their flexibility and computational efficiency. Three bivari-
ate Archimedean Copulas were evaluated: Clayton, Frank, and Gumbel (Table
2). The Frank Copula demonstrated the best performance based on AIC criteria
and was used for subsequent analysis.

Joint Return Period: The joint return period of drought duration and sever-
ity was calculated using:

𝑇 (𝑠, 𝑑) = 1
𝑃(𝑆 ≥ 𝑠 ∪ 𝐷 ≥ 𝑑) = 1

1 − 𝐶(𝐹𝑆(𝑠), 𝐹𝐷(𝑑))

where 𝐶 is the Copula function, and 𝐹𝑆(𝑠) and 𝐹𝐷(𝑑) are marginal cumulative
distribution functions of severity and duration, respectively.

2. Results and Analysis
2.1 Temporal Variation of SPI6

During 1958–2017, the SPI6 showed a downward trend from the mid-1960s to
present, indicating increasing drought severity. Mann-Kendall test detected
significant abrupt changes around 1964–1966 and during the 1990s. The region
experienced 166 drought events (SPI6 � -0.5), with the most severe droughts
occurring in 1965, 1972, 1980–1981, 1997–1998, and 2014–2015.

[Figure 5: see original paper] shows the Mann-Kendall test results for SPI6
abrupt change analysis. The period 1958–1977 was characterized by frequent,
short-duration droughts, while 1978–1997 saw moderate drought events. Since
1998, the region has experienced prolonged, severe droughts with higher inten-
sity.

2.2 Copula Function Selection

The K-S test confirmed that drought duration follows an exponential distribu-
tion, while drought severity follows a generalized extreme value distribution.
Among the three Archimedean Copulas, the Frank Copula yielded the lowest
AIC value (FIGURE:7), indicating the best fit for modeling the joint distribu-
tion of drought duration and severity.
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2.3 Joint Return Period Analysis

Joint return periods were calculated for four scenarios: 5-year (RP5a), 10-year
(RP10a), 30-year (RP30a), and 50-year (RP50a) return periods (TABLE:4, TA-
BLE:5). Results show:

• Short return periods (5a, 10a): Beijing, Cangzhou, Hengshui, and
northern Chengde exhibit relatively long joint return periods (low haz-
ard), with values of 4.78–8.41 years for drought duration and 5.31–7.50 for
severity.

• Long return periods (30a, 50a): The same regions show joint return
periods of 10.82–21.16 years for duration and 14.76–83.24 for severity, in-
dicating lower drought risk compared to other areas.

The joint return period provides a more comprehensive risk assessment than
univariate analysis, as it simultaneously considers both drought duration and
severity. The theoretical joint return periods closely match historical drought
disasters (e.g., the 2015 drought event), validating the model’s reliability.

2.4 Spatial Distribution of Drought Hazard

[Figure 9: see original paper] illustrates the spatial patterns of joint return
periods across the region. Areas with shorter joint return periods (higher hazard)
are concentrated in Zhangjiakou, Baoding, Shijiazhuang, and Handan, where
both drought duration and severity exhibit high values. In contrast, coastal
areas (Tangshan, Qinhuangdao) and parts of Beijing show longer return periods,
indicating lower hazard.

The 50-year return period map reveals that most of Hebei Province faces mod-
erate to high drought hazard, with joint return periods for severity exceeding
20 years in over 60% of the region. This suggests that extreme drought events
pose significant risks to water resources and agricultural production.
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Abstract
Drought disaster is one of the major meteorological disasters in the Beijing-
Tianjin-Hebei region, China, with serious economic and food security impacts.
The hazard of drought disasters is evaluated to identify the high hazard areas,
and provide references for disaster prevention and emergency control. Based on
the precipitation data of 37 meteorological stations from 1958 to 2017, the stan-
dardized precipitation index at 6-month scale (SPI6) is calculated. Drought
duration and severity are defined using run theory. We use the Kolmogorov-
Smirnov method and AIC method to confirm the most fitted marginal distri-
butions and the Copula function. The return periods of drought duration and
severity are calculated under different return periods (RP5a, 10a, 30a, 50a).
The results show that SPI6 is in a downward trend from the mid-1960s to cur-
rent times. The exponential distribution and the generalized extreme value
distribution are the optimal marginal distributions of drought duration and in-
tensity, respectively. Frank Copula has the best fitting in the calculation of joint
probability distribution. As far as the joint return periods of drought duration
and severity show, Beijing, Cangzhou, Hengshui and north Chengde of Hebei
Province have a long joint return period with low hazard, and the rest of the
region has a short joint return period with high hazard (RP30a, 50a). The theo-
retical joint return period of the drought disaster is close to the actual situation,
which indicates that the joint return period can better reflect the situations of
drought disasters.

Keywords: drought; standardized precipitation index; Copula; joint distribu-
tion; Beijing-Tianjin-Hebei region

Note: Figure translations are in progress. See original paper for figures.
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