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Abstract: Drought can be defined as a kind of natural disaster, with a series of effects in
different aspects of human life, including environment, economic, ecosystem and agriculture.
Previous studies has delved more deeply into the impact of drought, examining it through a
range of drought indices, including PEI, SPEI, PDSI, and others. Our study is aims to analyze
and research the effects of evaporation and precipitation on droughts under global climate
change. Through the temperature changing data research the global climate change feature,
analyzing the development of droughts using a drought assessment index (P-E) and making
use of ‘bucket’ model to analyze the relationship between precipitation rate and soil moisture.
Research found that the average land temperature is increasing. On the context of this change,
the change of evaporation and precipitation causes dry regions to become drier and wet
regions wetter. Furthermore, the 20% decrease of precipitation leads to about a one-fifth
decline in soil water content, and a lower precipitation rate would speed up the drought states.
Meanwhile, soil moisture can also lead to an increase in precipitation. A coupling
phenomenon between precipitation rate and soil moisture is exist. This study provides a new
point for predicting future droughts conditions.
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1. Introduction

Drought is regarded as a kind of environmental disaster [1]. It’s the costliest one, the US Federal
Emergency Management Agency (FEMA) estimated that $6-$8 billion losses causes by droughts
every year [2]. Drought occurs in almost all climatic regimes, both wet and dry areas experience
droughts [3]. Drought is different from aridity, drought is a temporary abnormal condition, however,
aridity is a permanent feature of the climate and it is restricted in low rainfall areas [3].

Sheffield and Wood simple define droughts as ‘lack of water relative to normal conditions’ [4].
However, Lloyd-Hughes considers that a general description of drought requires reference to water
supply [5], demand and management, and a general drought cannot be defined without understanding
the climatological expectations of stored water to satisfy specific needs. Although there is a universal
measure of drought, it is unreasonable to have an accurate and universally objective definition of
drought [5]. The droughts can be divided into 4 categories normally, namely meteorological drought,
hydrological drought, agriculture drought and economic drought [6]; Meteorological drought is
caused by abnormal precipitation deficit; Hydrological drought refer to climate change will
exacerbate drought in dry areas while global warming will make it wetter and even cause flooding
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and evaporation over recent past in wet areas; Agriculture drought would impinges on crop
production or ecosystem function and even cause the loss of crops; Socio-economic drought would
affect the water resources for human life. This paper focus on the meteorological and hydrological
drought to analyze and research drought conditions.

Drought has a series of effects in human society, including environment, economic, ecosystem and
agriculture. Drought affects surface as well as underground water resources, which would cause a
reduce in water supply, a damage in water quality and further impacts a host of economic and social
activities [7]. Barnabas, Jager and Feher think drought will affect the reproduction process of grain
and thus affect the yield of grain [8]. In addition, Stanke et al. found that drought affects human health
and caused a series of diseases related to nutrition, water and mental health [9]. Hydrological extremes
are often defined as floods and droughts, they are endangering human security and posing a serious
threat to human life, well-being and society [10]. Floods are usually local and develop over a short
period of time, while droughts are widespread and develop over months or years [11]. Before, people
do more researches on floods. However, droughts have more effects on people society. The scope
that it impacts may much bigger than the area which is experiencing droughts [1]. Therefore, research
the change of drought under the climate change is vital for human beings.

Droughts can change due to changes to natural variability modes, or other changes to gradients in
sea surface temperature that led to changes in the high sea level pressure. Precipitation is a vital
element in drought development [12]. Precipitation deficiency is caused by abnormal atmospheric
circulation, which inhibits the formation of clouds and precipitation or the change of rain bands, the
decrease in clouds and precipitation leads to drier surfaces and an increase in evaporation demand or
potential evapotranspiration (PET), which further reduces clouds and precipitation [13]. Thus,
drought conditions would be exacerbated. Wilhite suggested drought should be considered relative to
long-term average condition of balance between precipitation and evapotranspiration [14]. Most
previous studies have looked at the effects of droughts, for example, the impacts on ecosystems [15],
the economic impact of droughts [16], and the effects on plants [17]. Besides, Zargar et al. analyzed
drought from the perspective of drought indexes [18]. Nevertheless, few studies have analyzed
drought conditions under global climate change from the perspective of evaporation and precipitation.

Our study is aims to analyze and research the effects of evaporation and precipitation on droughts
under global climate change. Organizations are listed as follows. Firstly, analyzing the change feature
in the global climate, and then discussing the effects of changing in the precipitation (P) and
evaporation (E) under the climate change in the drought conditions. Finally, exploring the relationship
between annual mean precipitation rate and soil moisture. In others words, the relationship between
precipitation rate and drought state is demonstrated.

People can analyze and project drought conditions in a particular area from the angle of
evaporation and precipitation. This study provides a new point to research the development of drought.

2.  Results and discussion
2.1. Global temperature change in 21st century

Global temperature is a common metric used to summarize the state of the global climate [19]. In this
work, selecting two periods, which is the first and last five years of 21st century. Plotting graphs in
the earth of temperature in those two periods under the scenario of RCPS8.5. Then studying
temperature change in the 21st century. Thereby, the global climate change features will be reflected
by those images.



Proceedings of the 3rd International Conference on Modern Medicine and Global Health
DOI: 10.54254/2753-8818/68/2025.18027

2.2. Drought assessment index (P-E)

The precipitation minus evaporation (P-E) is generally used as an informative indicator of water
resource conditions. In this research, we define precipitation minus evaporation (P-E) as drought
assessment index. Through the change of P-E to study drought conditions. Selecting two periods,
which is the past 20 years (1920-1940) and the next 20 years (2080-2100). On the basis of
precipitation and evaporation in above two time periods. Plotting the drought assessment index (P-E)
in different latitude areas in these two periods. Analyzing the effects of evaporation and precipitation
on drought under the condition of global climate change.

2.3. ‘Bucket’ modelling

According to ‘bucket’ model, making use of python to solve different value of soil moisture content
when evaporation and precipitation are in balance under two different precipitation rates (2.2m/yr
and 1.8mm/yr). And then discussing the changing trends of soil moisture and P-E with the time series.
So that, the development of droughts conditions can be reflected by these changes.

3. Results and discussion
3.1. Climate change feature

Those two images show temperature change in this century, we can find the temperature is increasing
in most areas. To be specific, the third picture shows increasing condition of temperature more
directly. The land is warming about 2.5 times faster than the ocean, and the Arctic is warming faster
than most other regions, the number may more than 17.5 k during this century.

Temperature (K)

Temperature (K)

Figure 2: Global temperature during last five years in the 21% century of RCP8.5
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Figure 3: Global temperature increases in 21% century for RCP8.5

Moreover, interannual variations in global temperature are associated with the El Nino/La Nina
cycle. Tsonis et al. considered that there is a deeper link between global temperature and ENSO [20],
El Nino is forcing up global temperatures and negative global temperature trends tend to trigger La
Nina. Therefore, under global warming, El Nino events will be more frequent than La Nina events.
Nowadays, three factors: accelerating greenhouse gas (GHG) emissions, reducing aerosols and the
solar irradiance cycle will accelerating global warming and pushing global temperatures beyond the
1.5°C limit, likely in the 2020s. If no intervention is taken, the 2°C limit could also be exceeded by
mid-century [21].

3.2. How precipitation and evaporation changing affects to droughts conditions

Figure 4 describes the value of P-E changing in the past and future 20 years in the different latitudes.
From this graph, we can find droughts level aggravate in dry areas which are usually throughout the
subtropics. While in wet areas, the climate condition wetter especially in the middle and high latitudes.
In the context of global temperature change, the amount of surface evaporation increasing due to
greenhouse gas forcing [22]. That is because warming leads to greater evaporation, it accelerates
drying in the land surface, the intensity and duration of drought be increased in this case [23, 24].
Simultaneously, the Clausius—Clapeyron (CC) relation illustrates the amount of water vapor in the
atmosphere is expected to increase as temperature rising. Specifically, every 1°C increase in
temperature, the water holding capacity of air increases by 6-7% [25]. The amount of water vapor in
the atmosphere increases, result in increasing rainfall, and even cause a flood in wet areas. The
moisture in the atmosphere would increase as a result, wet areas would wetter and wetter.

31 —— past 20 years
—— next 20 years

P—E(mm/day)
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Figure 4: The value of P-E in the past and next 20 years. Red curve refers to P-E in next 20 years,
and blue one refers to it in past 20 years.
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In addition, the phenomenon that drought conditions occurred in areas where precipitation
increased, due to impacts of ENSO [26] that has a close correlation with precipitation, mainly
concentrated in tropical and Pacific Ocean areas. In general, a self-sustaining and natural oscillation
pattern of the ocean-atmosphere coupled system is used to interpret the occurrence of ENSO [27].
The extremes of this coupled pattern are known as the El Nino and La Nina phases. During the period
of El Nino phase, the different value of pressure in the tropical Pacific decreases and the sea surface
temperature (SST) abnormity is positive [28]. In this case, precipitation increases in the South Pacific,
but dry conditions occur in Australia, Southeast Asia, Southern Africa, northern Brazil, and the
southeastern United States [29-32]. In the La Nina phase, SST is cold and sea-level pressure gradient
from west to east enhanced in the tropical Pacific Ocean [33]. At this time, rainfall in the South Pacific
decreases, but the climate in above areas is wet. Thus, the droughts conditions are also profoundly
affected by the ENSO.

3.3. Changing relationship between precipitation rate and soil moisture.

It is seeming to have a liner relationship between soil moisture and precipitation rates, this picture
describes when precipitation rate decreases 20%, the soil moisture decreases about one-fifth as well.
Precipitation is the main element controlling the state and evolution of soil water, it increases the soil
moisture by increasing soil water content. Thus, when the precipitation rate falls, the moisture content
in the soil decreases, leading to an aggravation of drought conditions in dry regions. Despite this,
there is an exception: in the areas with very dry or saturated soil or extremely high rainfall intensity,
increasing of precipitation leads to increase runoff rather than increased soil water content [34].

Soil moisture normally refers to the amount of water stored in the unsaturated soil zone, it is a
source of water for the atmosphere due to evapotranspiration from land surface, which mainly consist
of plant transpiration and bare soil evaporation [34]. Soil moisture is a key state variable of the land
surface, Reliable spatial and temporal estimation of soil moisture is important for monitoring and
even predicting hydrological and meteorological hazards, and it reflects interactions between the
water, energy, and carbon cycles [35]. As well as a simple "bucket" model is based on the concept of
drought, which is a phenomenon caused by insufficient precipitation supply or excess
evapotranspiration demand [36]; ‘Bucket’ model produces a good simulation of seasonal cycles and
interannual variations of soil moisture [37]. In this case, droughts conditions can be described by soil
moisture change caused by variation of precipitation rates.
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Figure 5: Soil water content in two different precipitation rates. Red curve refers to precipitation rate
is 1.8m/year, and blue one refers to it is 2.2m/year.

In addition, soil moisture also provides water through evaporation [38], which has a direct impact
on precipitation. Soil moisture affects precipitation by affecting surface heating and cooling, changing
turbulence, wind and convection, and thus affecting the generation and distribution of precipitation
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in time and space. This indicates that there is a coupling phenomenon between precipitation and soil
moisture content, and precipitation interacts with soil moisture, and the reduction of precipitation will
exacerbate drought conditions.
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Figure 6: The value of precipitation minus evaporation in two different precipitation rates. Red curve
refers to precipitation rate is 1.8m/year, and blue one refers to it is 2.2m/year.

To some extent, soil moisture can be seen as the result of the balance between precipitation and
evaporation [39]. Figure 6 shows that when the precipitation rate is 2.2m/year, the drought degree is
better than that is 1.8m/year. Meanwhile, the precipitation and evaporation reach the equilibrium state
more quickly. The higher precipitation rate can alleviate the surface drought situation better. Similarly,
lower precipitation can lead to a rapid decline in soil moisture, resulting in increased drought degree.

4. Conclusion

In conclusion, the main purpose of this study is to analyze the evolution of drought in terms of
precipitation and evaporation under the global climate change. In previous studies, scholars have
focused on the impact on society about droughts disasters and they analysis and prediction of drought
conditions with different kind of drought indices and models. Based on the definition of drought, this
study examines the effects of precipitation and evaporation on drought conditions under climate
change, as well as the relationship between precipitation and soil moisture, that is the link between
precipitation and drought states.

The study found that the global average temperature is rising in general. Especially, the average
land temperature is increasing. Under this climate change feature, increased evaporation and
precipitation due to rising temperature cause dry regions to become drier and wet regions wetter. At
the same time, rainfall is also affected by ENSO. During El Nino periods, rainfall increases, but some
tropical and Pacific regions still experience drought conditions. Furthermore, it is found that the
decrease of precipitation leads to a similar decline of soil water content, aggravates drought conditions;
The lower precipitation would speed up the drought states. At the same time, soil moisture also has
an impact on rainfall, and higher soil moisture increases air moisture, which leads to an increase in
precipitation. This indicates that there is a coupling phenomenon between precipitation rate and soil
moisture. This study provides a new approach for the prediction of future drought by studying surface
drought from the perspective of evaporation and precipitation.

Nowadays, increased mean temperature is one of the features of climate change. Global warming
is the primary manifestation of the increase in greenhouse gases. On a global scale, the increase in
atmospheric temperature since about 1975 is generally thought to be caused by the modern increase
in CO; [40]. All effects of global warming are adverse, global temperature rising leads to a series of
disasters, not only in droughts conditions but also leading an increase in the frequency and intensity
of floods, hurricanes, heat waves and other natural hazards [41]. People should pay more attention in
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decreasing behaviors which would produce greenhouse gases, fighting with global warming together.
So that, the frequency and intensity of those disasters would decrease in the future, and the less risks
to human life.
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