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Integration of Geospatial Technologies in Monitoring Drought Events in a Coastal Area of 

Vietnam (Case study: Binh Thuan Province) 

Hoa Thi Tran 

SCIENTIFIC ABSTRACT 
 

Drought is a climatic event regarding prolonged “drier than normal” conditions. 

Precipitation deficits, crop-moisture stress, soil-water unbalance, sudden stream flow cut offs, and 

low carrying capacity of ecosystems are responses to drought. Drought can occur in humid to arid 

climates, however, drought is more severe in arid and semi-arid areas due to the fact that in those 

distinctive areas, water resources are extremely limited and restricted. Additionally, local ecologies 

and ecosystems in arid regions are very fragile. Once a water competition occurs, critical services 

of ecosystems such as pure water, recreation, and land productivity will be threatened.  

This research focuses on prolonged drought events which have been occurring more 

frequently in a coastal province of South Central Vietnam – named Binh Thuan. The study area is 

distinctive because its climate is characterized as one of the driest provinces in Vietnam. Annual 

rainfall in the North and near the coast of the province is less than 800 mm per year. During 6 

months of dry season, there is almost no rain, or less than 50 mm. Due to precipitation deficits and 

high surface temperatures in recent years, meteorological droughts have occurred more frequently, 

and lasted longer, thereby stressing water resources for vegetation, wildlife, households, and 

industry. Occurrence of prolonged droughts has constrained economic activities in the coastal areas, 

especially agriculture and aquaculture. Furthermore, a long duration of dry conditions coupled with 

unsustainable land management (such as overgrazing), “drought-sensitive” soils in areas with sand 

and barren lands may introduce and accelerate risks of desertification processes (land productivity 

deterioration and unable to recover).   

This research uses geospatial technologies to monitor drought severity and drought impacts 

on land use and land cover.  Chapter 1 is a brief introduction and literature review of the drought 

context in Binh Thuan Province to place the research questions and objectives in content. Chapter 

2 discusses the occurrence of meteorological droughts in Binh Thuan Province, then proposes 

climatic indices able to monitor this type of drought. Chapter 3 focuses on explaining and assessing 

uneven dry conditions that stressed vegetation health in the study area. This chapter investigates 

spatiotemporal distributions and frequencies of prolonged agricultural droughts using remotely 

sensed data and anomalies of precipitation distribution. Results indicate that coastal areas in the 

North of Binh Thuan are subject to severe droughts.  Chapter 4 assesses human impacts on land 

management and practices in the study area during drought periods. Results show that in recent 



 

 

 

years (2010 to present), local governments and residents have implemented strategies to prevent 

sand dominance and to adapt to water shortages during dry seasons, such as vegetative cover, crop 

rotation with drought-tolerant plants and wind breaks. Accuracy was assessed using field data 

collected in the summer of 2016, in conjunction with Google Earth imagery.  

In summary, this dissertation enhances understanding of drought events and impacts in 

Binh Thuan Province by considering different types of drought - meteorological and agricultural 

drought, and interactions of drought and human impacts upon land management and land practices 

during dry periods.  Furthermore, findings and results of this research have demonstrated the 

effectiveness of remotely sensed datasets, and other geospatial technologies, such as geographic 

information systems, in modelling drought severity and in examining efforts and drought-adaptive 

practices of local residents. This work is a valuable foundation on which further studies can build 

to support policy development to protect and reserve soil-land productivity in Binh Thuan and other 

coastal regions of Vietnam affected by prolonged droughts.    



 

 

 

Integration of Geospatial Technologies in Monitoring Drought Events in a Coastal Area of 

Vietnam (Case study: Binh Thuan Province) 

Hoa Thi Tran 

GENERAL AUDIENCE ABSTRACT 
 

Drought is a temporal climatic event with “drier than normal” conditions. While drought 

can occur in any climates, it can be more extreme in arid and semi-arid areas where annual rainfall 

and water resources are limited. Depending on types of drought, its presences and impacts may 

differ: (1) meteorological drought relates to a decrease of average rainfall/snowfall may resulting 

in moisture stress, (2) hydrological drought leads to reduction of stream flow and ground water, 

and (3) agricultural drought influences soil-water-crop balance or vegetation health. Prolonged 

drought – an abnormally long duration of dry conditions, coupled with unsustainable management 

in water and land practice may cause losses of land productivity, promote soil erosion, and result 

in sand dominance in coastal areas. These land degradation processes can lead to “a desert like 

condition” in impacted areas. This research concerns drought and its impacts in a coastal province 

in Southern central Vietnam, Binh Thuan. The study area is distinctive because its climate is 

characterized as one of the driest provinces in Vietnam. Annual rainfall in the North and near the 

coast is less than 800 mm per year, and during the 6 months of dry season, there is almost no rain, 

or less than 50 mm. Due to precipitation deficits and high surface temperatures in recent years, 

meteorological droughts have occurred more frequently and lasted longer, stressing water resources 

for vegetation, wildlife, households, and industry. Additionally, unsustainable land management, 

such as overgrazing, coupled with movements of sand and barren lands from the coast inland, have 

accelerated the risks of land degradation.  This research applies an integration of geospatial 

technologies for monitoring drought severity and impacts on land management, and illustrates how 

local people have adapted to droughts. 
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Chapter 1- Introduction, Study Area, Literature Review, Problem 

Statement, and Research Purposes 

1.1. Understanding aridity, droughts, and different types of droughts 

Aridity and drought are two climatic terminologies referring to dry conditions due to limitation of 

moisture content. In this research, the topic of drought will be discussed under context of its occurrence and 

severity in a semi-arid region, so it is necessary to clearly distinguish between aridity and drought. 

1.1.1 Aridity: definition, key indicators, and impacts 

 Aridity is a permanent factor of a climate system which can be used to quantify and qualify the 

dryness of an area.  Following the “Glossary of Meteorology, American Meteorological Survey”, aridity is 

defined as “the degree to which a climate lacks effective, life-promoting moisture”. The Food and 

Agriculture Organization of the United Nations, FAO, identifies aridity as a climatic element expressing 

the relationship between rainfall and temperature which is usually applied to categorize climate zones, such 

as: humid, sub-humid, semi-arid, arid, and hyper-arid.  Aridity as determined by the FAO can be represented 

by a ratio between precipitation and potential evapotranspiration accounting for atmospheric moisture, solar 

radiation, and wind (Spinoni, Vogt et al. 2015).  

Aridity is a climatological concept to indicate local climatic characteristics with respect to degree 

of dryness. The formation of dryness in a certain area depends on many factors, such as geographical 

location, wind systems, rainfall distribution, and air temperature (Joseph and Ganor 1986, Botzan, Marino 

et al. 1998, Paltineanu, Mihailescu et al. 2007). Geographical location determines distribution of oceanic 

moisture into land including impacts of topography. For instance, increased distance to ocean can reduce 

precipitation (Diaz-Padilla, Sanchez-Cohen et al. 2011, Nyamtseren, Feng et al. 2018); the Gobi Desert of 

Central Asia is an example. Wind systems play an important role in circulating air masses which may bring 

more precipitation to one region but less in others. In arid areas, there are typically few of storms and 

cyclones. Rainfall and temperature are two crucial factors relating directly to the evapotranspiration 

process, soil properties, topography, and vegetation cover (Bussay, Toth et al. 2012, Nastos, Politi et al. 

2013, Chavez, Moreira-Munoz et al. 2019). In arid areas where rainfall is extremely limited, much of the 

precipitation can be quickly evaporate due to hot air and surface temperatures, sometimes resulting in no 

measureable precipitation. 

 Aridity can be computed using individual or combined climatic indices. Simply, as defined by the 

FAO, it can be the ratio between precipitation and evapotranspiration (row 1, table 1), or ratios between 

precipitation and mean temperature (row 2-6, table 1). Each of these indices requires different input 

datasets, some are more complicated, such as the UNEP index which requests hours of solar radiation, and 

adjusted hours between day-night for refining temperature factor (UNEP 1993).   
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Table 1. Some examples of arid indices.  

Index Equation Classification Number 

UNEP (UNEP 1993) IU=
𝑃

𝑃𝐸𝑇
 

Where, 

PET= 16 x Nm x (
10𝑥𝑃𝑚

𝐼
)𝑎   

I= ∑ (
𝑇𝑚

5
)1.51412

𝑖=1  

IU<0.05:  Hyper-arid 
0.05≤ IU <0.2: Arid 

0.2≤ IU <0.5: Semi-arid 

0.5≤ IU <0.65: Dry sub 
humid 

0.65≤ IU ≤1: Sub-humid 

IU> 1: Humid 

1 

De Martonne’s arid 
index (de Martonne 

1926) 

IDM= 
𝑃

𝑇+10
 IDM<10: Arid 

10≤ IDM ≤20: Semi-arid 

21≤ IDM ≤24: Semi-humid 

IDM> 24: Humid 

2 

Thornthwaite index 
(Thornthwaite 1948) 

 

PE= ∑ 115(12
𝑛=1

𝑃

𝑇−10
)10/9 

Units: inches (precipitation), and 
0F (temperature) 

PE<16: Arid 
16≤ PE ≤31: Semi-arid 

32≤ PE≤ 63: Semi-humid 

PE>63: Humid 

4 

Minar’s moisture 

certainty(Sobisek 

1993) 

IM=
𝑃−30(𝑇−7)

𝑇
 IM<0: Highly arid 

1≤ IM ≤7: Arid 

8≤ IM ≤14: Semi-arid 

15≤ IM ≤21: Stable 
22≤ IM ≤28: Semi-humid 

IM> 28: Humid 

5 

Pinna combinative 
index(Baltas 2007) 

IP=
1

2
(

𝑃𝑦

𝑇𝑦+10
+

12𝑃𝑑

𝑇𝑑+10
) IP<10: Arid 

10≤ IP ≤20: Semi-arid 

IP> 20: Humid 

6 

Lang’s rainfall factor 

(Neira, Verbist et al. 
2010) 

IL=
𝑃

𝑇
 IL<40: Arid 

40≤ IL ≤60: Semi-arid 
60≤ IL ≤100: Semi-humid 

IL> 100: Humid 

7 

P: Monthly/yearly precipitation in total (mm) 
T: Monthly/yearly mean temperature (0C) 
Py: Yearly precipitation (mm) 
Ty: Yearly average temperature (0C) 

 

Pd: Precipitation of the driest month in a year (mm) 
Td: Temperature of the driest (0C) 
PET: Potential evapotranspiration 
Nm: Adjustment factor related to hours of daylight 
I: Heat annual index 

 

1.1.2. Droughts: definition and classification 

  Drought is defined as moisture imbalance between months, or anomalies in “water supply which 

is less than water demand” creating “drier than normal” condition (Botzan, Marino et al. 1998). Similar to 

aridity, drought is related to dryness of climate, but it is a temporal climatic feature representing a period 

of water deficits that may be rainfall shortage, or soil-water stress, or lack of stream flows (Alley 1984, 

Botzan, Marino et al. 1998). Additionally, while aridity permanently dominates an area, drought can occur 

at any locations from humid to arid regions, however it arises more frequently and severely in arid areas 

where water resources are constrained. As an uneven climatic event, occurrence and duration of drought 

not only depends on physical and social characteristics of local areas but also is driven by the general trends 

of global climate, such as incidence of warmer global climate or oceanic oscillation (the ENSO - The El 
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Niño Southern Oscillation) (Bannayan, Sanjani et al. 2010, Zhang, Qian et al. 2017, Nyamtseren, Feng et 

al. 2018). Areas near the coast can be more sensitive to these changes of climate.  

 Drought occurrence varies location to location, and time to time, thus, definitions of drought are 

currently much broader compared to the past. In the past, drought was identified upon deviation from 

average precipitation which is close to the definition of aridity (Huo, Dai et al. 2013, Tabari and Aghajanloo 

2013, Wu, Xu et al. 2018). However, recently, precipitation shortfall refers to only one of the four main 

types of drought- meteorological drought. The other three are agricultural, hydrological, and economic 

drought. Figure 1 shows the flowchart of chronological occurrences of these types and their impacts 

provided by the National Drought Mitigation Center (NDMC). 

 

Figure 1. Chronological occurrence of four main types of drought (NDMC) 

1.1.3. Impacts of drought and how to monitor drought 

 Drought can affect ecosystems, environments, and communities differently. The NDMC uses the 

term “drought dominoes” to depict impacts of drought. Either directly or indirectly, drought may result in 

the “fall of all” environmental -economic-social properties even though drought only hits “the first domino 

of the line”. With respect to the environmental impacts, first and foremost, occurrence of drought leads to 

sudden cut-offs in water supply (Salinas, Gironas et al. 2016). If this event lasts longer, plants’ and animals’ 
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survival will be threatened as consequences of food scarcity, drinking water shortage, migration, losses of 

soil productivity, lower stream flow levels, soil erosion, and etc. (Maes and Steppe 2012, Jia, Pan et al. 

2016, Andujar, Krakauer et al. 2017, Le Page and Zribi 2019). Drought also increases the risks of wildfires, 

such as the 2017 wildfires damaging mountainous areas in California. In arid areas, drought has 

dramatically impacts on land degradation processes. If drought occurs more frequently and there are no 

appropriate solutions to mitigate its impacts, the risk of desertification may increase (Mortimore 1988, 

Merino, Martin et al. 1990, UNEP 1993). Desertification is the process of becoming desert threatening 40% 

of the Earth’s landscape (UNEP 1993). 

For economic impacts, droughts have significant influences on agriculture and aquaculture. Due to 

the lack of water, and moisture stress, vegetation health will be affected resulting in damages to both quality 

and quantity of crops (Liu, Li et al. 2004, Maes and Steppe 2012, Nichol and Abbas 2015). Additionally, 

due to the reduction of water levels in reservoirs, growth and health of aquatic species will be restricted. 

Lower water levels also lead to difficulties for business and shipping on water transportation, for 

hydrological power supply, and irrigation (NDMC). Otherwise, requests for pure water during drought 

periods might increase dramatically, leading to pay-out of pocket expenses for water.  

Reduced incomes, health issues, crop losses, public safety, and migration are obvious examples of 

social impacts due to droughts. Therefore, drought monitoring and forecasting require both management 

and policy relevance. 

As stated above, drought has four different types represented by different factors or indicators 

known as drought indices (information of common drought indices are summarized in the “handbook of 

drought indicators and indices” published by the World Meteorological Organization). Therefore, it is 

possible to monitor individual, two, or all types depending how sufficient datasets are. In-situ data and 

records are robust but not continuous and they are less effective for drought mapping. Furthermore, there 

are measurement standards and monitoring requirements that must be met to enable comparisons across 

space and time. There are some common drought indices which uses in-situ data such as the PDSI – Palmer 

Drought Severity Index (Palmer 1965, Alley 1984, Botzan, Marino et al. 1998), the SPI – Standardized 

Precipitation Index (McKee, N. J. Doesken et al. 1993, McKee, N. J. Doesken et al. 1995), the CMI – Crop 

Moisture Index, etc. Those station-based indices are similar in computation to indices of aridity using 

records of rainfall, temperature, evapotranspiration process, and soil-water balance.  

Vegetation health and surface temperature monitoring are commonly applied to determine trends 

in distribution of agricultural drought using geospatial technologies (remote sensing and geographic 

information system – GIS). Some ordinary indices are: VHI – Vegetation Health Index (Kogan 1990, Kogan 

1997, Kogan 2001), VEgDRI- Vegetation Drought Response Index, NDVI – Normalized Difference 

Vegetation Index, ESI- Evaporative Stress Index, etc. (Bhuiyan, Singh et al. 2006, Asner and Alencar 2010, 
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Nichol and Abbas 2015, Jia, Pan et al. 2016, Bhuiyan, Saha et al. 2017, Dong, Li et al. 2017, Roundy and 

Santanello 2017, Tran, Campbell et al. 2017).  

Hydrological drought and socioeconomic drought are much more complicated to monitor in 

comparison to other drought types because of the necessity of using both in-situ and remotely sensed data 

for computing. The SWSI- Surface Water Supply Index, the PDI- Palmer Hydrological Drought Index, and 

the SRSI- Standardized Reservoir Supply Index are examples of hydrological drought indices (Botzan, 

Marino et al. 1998, Bannayan, Sanjani et al. 2010, Nichol and Abbas 2015, Salinas, Gironas et al. 2016, 

Speich 2019). Currently, there is no available socioeconomic drought index since socioeconomic drought 

occurs when demand for a good or service exceeds supply due to the water shortfall, there is a need for 

approaches specific to regional economies. 

  

1.2. Study area – Binh Thuan province, Vietnam 

1.2.1. Brief introduction of study area (1) 

Binh Thuan is the southernmost province of the South Central Vietnam, bordering Lam Dong and 

Ninh Thuan province in the north, Dong Nai province in the west, Bia Ria-Vung Tau province in the 

southwest, and the East Sea in the South and South east within 192 km coastlines. There are several islands 

located in its shelf, such as Lao island, Cau island, Ba island, and Phu Quy island. Phu Quy island is the 

biggest, which is 56 nautical miles away from Phan Thiet city, the administrative district of Binh Thuan.  

Binh Thuan is located in the intersection between the high mountainous region in the West and 

Southwest (the Central Highlands), and the narrow coastal plain in the East and Southeast. Thus, the terrain 

is very complicated (Figure 2). Plateaus and mountains around 1000 m in height are highly weathered and 

split by narrow valleys. The plains are divided into two parts: (1) inland plains, which are about 100-200 m 

high surrounded by hills and mountains, and (2) coastal plains accreted by rivers and the ocean. Generally, 

more than 70% Binh Thuan is hills and mountains from 200 – 1300 m height, plains are covering about 

9.5%, and about 20% is sands and sand dunes near coastlines expanding from Tuy Phong to Ham Tan 

district. The sand has been accreted and eroded by the nearshore hydrodynamic regimes and ocean currents. 

The climate of Binh Thuan is characterized by integration between the tropical monsoon zone with 

no winter, and tropical savanna climate (classified by the Kӧppen climate classification) (Peel, Finlayson 

et al. 2007, Thai, Cazelles et al. 2010). Due to impacts of complex terrain and elevation, the climate of Binh 

Thuan differs locally: drier in the North and wetter in the South.  However, Binh Thuan is considered as 

the driest province in Vietnam (see figure 3– yearly rainfall distribution in Vietnam). The climate is divided 

                                                             
1 Information for this section was provided by local authorities and Binh Thuan Government (the People’s Committee, the Office 

of Statistics, and Department of Natural Resources and Environment). 
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into two seasons: dry and rainy (wet) seasons which last approximately 6 months each year; driven by 

global climate and ocean circulation, the duration of these seasons is a subject to change. For example, in 

the years of El Niño’s occurrence, dry seasons may be longer, causing meteorological drought, and a 

significant decrease of rainfall. The total rainfall in Binh Thuan is about more than 1000 mm per year 

mainly distributing in wet seasons from May to October. Dry seasons start from November till the following 

April; during dry seasons, in some areas in Binh Thuan, there is almost no rainfall or less than 50 mm (Tuy 

Phong, Bac Binh), but approximately 200 mm on average. Thus, during dry seasons, agriculture, grazing, 

and aquaculture have to face to fresh water shortage issues. Otherwise, Binh Thuan has received a large 

amounts of solar radiation, totally 2650 ÷ 2750 solar hours per year, temperature, depending on elevation, 

is above 270C on average, and average wind speed is ranging from 2 ÷ 3 m/s depending on locations (wind 

speed is stronger near the coastline). 

 

 

Figure 2. Location of the study area, Binh Thuan Province, Vietnam 

 Because of characteristics of local terrain, hydrologic systems in Binh Thuan are small, and 

seasonal: large and full flows in rainy seasons, while partial flows during dry seasons. The total river basin 

is about 9880 sq. km in coverage, a total length of 663 km, and a yearly water capacity of 5.4 billion m3 

distributed mainly in seven major reservoirs: La Nga River, Luy River, Long Song River, Cai River, Ca Ty 

River, Dinh River, and Phan River. Otherwise, there are 43 smaller streams with 1970 km in length 

distributed equally in each part of Binh Thuan. In general, hydrological systems in Binh Thuan are sparse 
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and are not well-connected, leading to a limitation of collecting and gathering rainfall to surface water 

flows. Because the rivers are seasonal, during dry seasons, water shortages occur very frequently, even 

though there are many dams and lakes constructed for storing fresh water resources, which contribute 

directly to water availability within irrigation systems and household uses. 

 

Figure 3. Total rainfall distribution in Binh Thuan in comparison to other parts of Vietnam 

 The population in Binh Thuan reached about 1,167,023 in 2009, and 1,266,228 in 2015, increasing 

about 8.5% over 6 years (1.4% per year) which is a moderate rate in comparison with other provinces in 

Viet Nam. However, nearly 49% of the population lives in the urban areas (towns or cities, such as Phan 

Thiet, Phan Ri Cua, or LaGi), and approximately 51% are distributed in suburban areas resulting in 

inequality of population distribution between urban and suburban areas. This difficulty puts pressure on the 

local labor market, social services, and security management, especially when the rate of urbanization is 

larger than that industrialization, and migration from suburban to urban are occurring. Consequently, there 

is a labor shortage in suburban regions for agriculture and forestry, while on the opposite side, in cities, 
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there is a labor surplus. This issue has been challenging local authorities and governmental programs in 

planning and determining socioeconomic policies. 

Utilizing a long coastline, and main reservoirs flowing directly to the ocean, fishing and aquaculture 

have brought many benefits to Binh Thuan’s economy.  Binh Thuan has one of the largest fishing grounds 

in Vietnam. Fresh water and seafood is very high quality for export. Agriculture and forestry in Binh Thuan 

have had many advantages from the diversity of terrain that forms local climate characteristics. There is a 

trend to establish specialized areas for grazing, rice production, woodlands, grasslands, rubber plantations, 

and orchards. Dragon fruits are grown mainly in the Southern areas of Binh Thuan, which have brought a 

lot of economic benefits, and utilized inexpensive local labor. The value of dragon fruit is much higher than 

rice and other agricultural products. Dragon fruit plants are a type of cactus which can thrive in dry-

conditions. Agriculture and aquaculture in Binh Thuan, however, have faced to many difficulties such as 

frequent occurrences of extreme weather events, such as drought, flooding, sand movements, land 

degradation due to deforestation and forest fires.  

 In summary, the province of Binh Thuan has many advantages and challenges occurring from its 

physical, climatic, social, and economic characteristics. Learning about those properties will enhance our 

understanding of the opportunities and difficulties in using and managing natural and social resources in 

this province.  

  

1.2.2. Overview of the context and impacts of droughts in Binh Thuan 

In the North of Binh Thuan (Tuy Phong and Bac Binh district), the dry season lasts approximately 

6 months, and there is less than 50 mm of rainfall during those 6 months. Frequently there are 3-4 months 

without any rain. A longer duration of precipitation deficit will lead to increases in arid conditions due to 

the higher surface temperature and quickly drying up of water resources and storage. Losses of vegetation 

cover, barren soil, salinization, and wind erosion are enhanced by frequent prolonged droughts.  During the 

dry season, half of Binh Thuan’s coastal area is in drought-affected zones (Pham, Nguyen et al. 2012).  

Drought has occurred more frequently and severely in Binh Thuan in recent years (Hai, Gobin et al. 2016).  

Drought has produced environmental, economic, and social impact, such as water shortages for 

agricultural lands and households, and it is one of main sources of rapid changes in land use and land cover 

(LULC) in this coastal province. In the 2015-2016 dry season (winter-spring crop), provincial authorities 

stated that impacts of severe drought on local agriculture contributed to a dramatic decline of irrigated lands 

by nearly 50%. The main reservoirs in the Northern districts reduced water levels nearly 80% resulting in 

thirst for both plants and animals and restricted grazing and cropping. Figure 4 shows changes in water 

level of Da Bac lake, a man-made irrigation construction in Tuy Phong district. Water level reduced 

dramatically from April until November – equal to 7 months of water limitations. Additionally, wildfires 
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are other risks threatening forested areas in the Northwest and Southwest of Binh Thuan during drought 

periods (Tuy Phong, Duc Linh, Ham Tan, and Tanh Linh). As reported by the Department of Agriculture 

and Rural Development, forest fires might affect 50 % of total forested areas in Binh Thuan due to 

prolonged durations of dry conditions.  

 

Figure 4. Da Bac Lake in Tuy Phong district and monthly water distribution observed by Sentinel 2 in 2018 

 Other impacts of drought are land abuse, barren lands, and immigration. With respect to land 

management practices, impacts of drought may not be significant if irrigation and policies in land 

management are appropriate and sufficient. However, in recent years, the urbanization and industrialization 

processes have been speedy, leading to a high demand for labor in big cities and more opportunities for 

higher incomes. Phan Thiet is the biggest city in Binh Thuan; its population is approximately half of the 

total in the province. The immigration from rural areas to big cities (such as Phan Thiet) has caused labor 

shortage in agriculture and aquaculture. As consequences, active agricultural lands have been abandoned, 

and become barren. Furthermore, sand encroachment, salinization, and and degradation processes are 

increasing (Thai 1970, Hai, Gobin et al. 2013, Hai, Gobin et al. 2014). 

  Although drought has had long influences in Binh Thuan due to its distinctive climatic 

characteristics and geographical location, there has been a dearth of research discussing drought in this 

province. Recent research mainly focuses on rainfall distribution and using climatic indices (aridity indices) 

to reveal arid areas (Pham, Nguyen et al. 2012). However, anomalies of rainfall distribution in recent 

decades have not been carefully discussed. Additionally, some research examined and arid index (UNEP) 

for zoning drought prone areas. Although this index is not sufficient to indicate occurrence of drought, it 

created a link between aridity and drought – two terms of dryness degree, and prospective opportunity for 

utilizing arid indices in meteorological drought monitoring with sufficient long-term datasets.  
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1.3. Research questions and statement of purpose 

1.3.1. Research questions 

1. How did precipitation distribute in recent years in Binh Thuan province? Are there any anomalies in that 

distribution resulting from meteorological drought? How can precipitation indices be applied in capturing 

meteorological drought occurrence? 

Hypothesis 1: There are sudden cut-offs of precipitation which resulted in meteorological droughts 

in some areas in Binh Thuan where water resources were limited during dry seasons.  

Hypothesis 2: Climatic indices relating precipitation such as arid indices – moisture stress, and the 

SPI – Standardized Precipitation Index can be applied in analyzing historical records to reveal 

meteorological drought.  

2. How are extreme weather events, such as drought, spatially distributed throughout the study area? How 

severe are those drought-affected areas? 

Hypothesis 3: Areas along the coastline are most affected by drought resulting in prolonged period 

of dry conditions, and a lack of rainfall; resulting in sand mobilization. 

Hypothesis 4: Poorly managed agricultural areas (no irrigation, overgrazing) are more subjected to 

land over use during prolonged droughts, leading to agriculturally abandoned barren lands. 

3. How have local residents and authorities recognized and made efforts to prevent and minimize the 

impacts of drought? 

Hypothesis 5: Both households and government agencies have been adapting land management 

and policies to increase resilience in the face of drought. 

1.3.2. Statement of purpose 

a. Understand arid conditions within the study area and how to assess anomalies in precipitation in 

monitoring meteorological drought;  

b. Find occurrences and impacts of agricultural droughts via vegetation health monitoring; 

c. Map LULC, and LULC changes within the study area based on remotely sensed data, and within coastal 

areas with high resolution images during drought occurrences to assess human impacts on land management 

practices; 

d. Examine how effective free remotely sensed data (LANDSAT or MODIS) can be in monitoring uneven 

climatic events such as drought and how effective historical weather datasets are for aridity-drought 

assessment.  
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1.4. Research methodology and data resources 

1.4.1. Research methodology 

In general, this research assesses drought in Binh Thuan by examining integrated models to monitor 

and evaluate the occurrence, duration, and severity of drought by focusing on revealing climatic conditions, 

vegetation responses, and spatiotemporal land cover and land use changes. Remote sensing and geographic 

information systems (GIS) form powerful geospatial tools to acquire up-to-date data and to examine long-

term dynamic factors (land use, migration, and climate) to evaluate drought and vegetation - land 

management processes. Furthermore, this analysis supports evaluation of the effectiveness of governmental 

policies during prolonged droughts. Because drought has different types which may occur in relation to 

each other, evaluating or monitoring directly this event requires a synthetic methods including in-situ data, 

remotely sensed data, and appropriate models for particular areas. Thus, in my research, I have investigated: 

(1) contributions of climate characteristics and weather extremes in exacerbating” drier-than-normal” 

conditions in this study area in recent years; (2) vegetation responses due to occurrence of prolonged 

drought, and (3) changes of land surfaces (especially sand movement and bare surfaces) that have resulted 

in. 

1.4.2. Data resources 

Table 2. Datasets used for conducting the study 

DATA DATE (RANGE) SOURCE 

Optical Imagery 

GeoEye 1 Jun 2016 Digital Globe Foundation 

Landsat archives 1976-2018 USGS/earthexplorer.usgs.gov 

Modis products 2002-1028 NASA/Earth Data  

Sentinel 2 2014-2018 ESA/scihub.copernicus.eu 

Spot 5 2010  

Worldview 2 May 2011  

Geospatial data 

Terrain and elevation 2007 Department of Natural Resources 

and Environment, Binh Thuan Geology 2007 

Geomorphology  2007 

Soil type 2007 

Climate distribution 2007 

Water ground and surface 2007 

Vegetation cover 2007 

Land use 1979, 2007, 2014 
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Administrative districts and 

communes 

  

Statistical and field data 

Weather records 1986-2018 National weather station, and 

Meteroblue.com 

Population 2009-2015 Department of Planning and 

Investment  Economy 2009-2015 

Surface temperature Summer 2016 Field research 

Soil component analysis 2005 (Bac Binh) 

2012 (soil samples) 

Summer 2016 (soil 

samples) 

Department of Natural Resources 

and Environment, Binh Thuan 

Field research 

Others Data collected from previous projects for reference and 

validation 

 

1.5. Structure of the dissertation  

 I present my study of drought monitoring as five chapters: 

 Chapter 1: An introduction and literature review of drought monitoring and drought severity 

assessment in general and in the study area; Finalizing research questions, datasets, and methodologies to 

execute the study. 

 Chapter 2: Discuss effectiveness of historical precipitation and temperature data recorded at 

weather station to assess arid conditions and meteorological droughts. This chapter is represented as a 

manuscript. 

 Chapter 3: Revealing spatial and temporal distributions and frequencies of prolonged agricultural 

droughts – uneven dry conditions in the study area and specifically in coastal regions. This chapter is 

presented as a publication assessing spatial and temporal distribution drought severity based sequential and 

time series remotely sensed data over 27 years. 

 Chapter 4:  An investigation of how local people have managed lands during drought periods, 

particularly in a coastal area was conducted using a bi-temporal analysis of remotely sensed data at high 

resolution. The chapter content is represented as a publication. 

 Chapter 5: Discussion of outcomes and limitations of the research; proposing future work; and 

finally research summary and conclusions. 
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Chapter 2: Meteorological Drought Assessment via Precipitation Indices 

in Binh Thuan Province 

2.1. Introduction 

 This chapter assesses meteorological drought base precipitation indices. Meteorological drought is 

one type of drought which occurs due to lack of precipitation resulting in a condition of “drier than normal” 

in a certain time at the study area. Using historical precipitation and temperature records at weather stations 

over 32 years, meteorological drought can be indicated and predicted. The SPI - Standardized Precipitation 

Index computed by comparing deviations to total rainfall at certain times using more than 30 years of 

records, is supportive to approach precipitation deficit and meteorological drought. However, this index 

only involves single datasets of precipitation within ignorance impacts of air temperature. Thus, this study 

proposes to apply other alternative climatic indices to monitor variations of arid conditions to determine 

“drier than normal” conditions. These indices are computed by ratios between rainfall and air temperature.  

2.2. Manuscript  

 The manuscript has been drafted and is represented in the Appendix 1.  

Manuscript title: “Assessment of Arid Intensity, and Meteorological Drought based Precipitation Indices in 

a Vietnamese Coastal Province (Binh Thuan Province)”. 

 

 

  



 

16 

 

Chapter 3: Monitoring Agricultural Drought Severity in a Coastal region 

of Northern Binh Thuan 

3.1. Introduction 

 This chapter discusses severity of agricultural drought based on the idea of monitoring vegetation 

health index (VHI) via satellite images from1989 to 2016. Time series Landsat and Modis images are two 

main datasets for this study. Results showed that areas near the coast of Binh Thuan (Tuy Phong district) 

are more severe to agricultural droughts, and this type of drought has been occurring more frequently 

causing water stress of vegetation.  

3.2. Monitoring drought severity in a coastal area of Binh Thuan, Tuy Phong 

district case study (Publication) 

 Contents of this chapter is represented as a manuscript which was published in GIScience & 

Remote Sensing journal in February 2017. This paper is shown in Appendix 2. 

Hoa Thi Tran, James B. Campbell, Tri Dinh Tran & Ha Thanh Tran (2017). Monitoring drought 

vulnerability using multispectral indices observed from sequential remote sensing (Case Study: Tuy Phong, 

Binh Thuan, Vietnam). GIScience & Remote Sensing, 54:2, 167-

184, DOI: 10.1080/15481603.2017.1287838 

  

https://doi.org/10.1080/15481603.2017.1287838
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Chapter 4: Assessing Human Impacts on Land Use and Land Cover 

Change during Drought Periods 

4.1. Introduction 

 This chapter discusses the context of land use and land cover (LULC), and changes of LULC in 

Tuy Phong, a Northern district of Binh Thuan, approaching bi-temporal analysis and indices from remotely 

sensed data to assess and evaluate impacts of Tuy Phong’s inhabitants on those changes under dry 

conditions and water shortage. Data involved in the analysis are high resolution images – the 2011 

WorldView 2 and the 2016 GeoEye . 

4.2. Impact of drought and local residents on change of land use and land cover in 

coastal communes of Tuy Phong district (Publication) 

Contents of this section is represented as a manuscript which was published in Remote Sensing 

journal in February 2019. This paper is shown in Appendix 3. 

Tran, Hoa T.; Campbell, James B.; Wynne, Randolph H.; Shao, Yang; Phan, Son V. 2019. Drought 

and Human Impacts on Land Use and Land Cover Change in a Vietnamese Coastal Area. Remote Sens. 11, 

no. 3: 333.DOI: 10.3390/RS11030333 
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Chapter 5: Discussion and conclusion 

5.1. Outcomes and limitations of this research  

 This research was conducted to enhance understandings about the context of dry conditions in Binh 

Thuan province, Vietnam by assessing meteorological and agricultural droughts and their impacts of 

humans on land management focusing on coastal areas. The study has shown: 

 Firstly, formation of semi-arid condition in the Northern and coastal areas of Binh Thuan was 

resulted by its geographical location. In those areas, meteorological droughts occurred more frequently and 

severely. Arid indices with in more than 30 years of observation are supportive to capture those types of 

drought.  

 Secondly, coastal areas are subjects of severe agricultural drought which was represented by 

reduction on vegetation cover and vegetation heath, including high surface temperatures. Water resources 

were extremely limited during dry seasons.  

 Thirdly, there are several evidences of local human’s efforts in protecting and sustainably managing 

lands to combat droughts and land degradation processes, such as: vegetating for wind break, crop rotation, 

irrigation system improvements, industrial zone planning (bare land), and economic transition to reduce 

pressure on agriculture.  

 Finally, freely remotely sensed data are very useful in learning spatiotemporal distribution and 

severity of drought; impacts and interaction of drought and local people on land management. Results of 

this research are valuable references for further studies in other regions and in modeling drought – human 

interaction scenarios in coastal areas of Binh Thuan.   

However, several limitations restrict this research, such as: 

 Soil properties and types of crops have not been discussed deeply to estimating the stress of 

moisture, and condition of soil-water balancing during drought period (for generating the PDSI, for 

example). These types of data require field research and sufficient datasets in term of spatial and temporal 

resolution.  

 Quantity and quality of ground and surface water or roles of hydrological systems and reservoirs 

have been approached but at minimum for understanding hydrological droughts. 

 There is lack of authorized information and official reports of governmental efforts to manage land 

cover and land use to adapt drought. Additionally, socioeconomic constrains of drought are not discussed 

in this research due to insufficient datasets. 

Future works will be investigated in: 

 Deriving multi-temporal analyses in land use and land cover in specific regions for fully 

understanding of the human role in managing and preserving active lands, and for eliminating the 

misconceptions of variation in changes of the landscape in the study area; 
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 Quantifying and qualifying water resources in coastal areas to access hydrological droughts, and 

further analyze impacts droughts on coastal ecosystems, environment, and economies; 

 Finding an appropriate model to assess socioeconomic drought including risk assessment of 

drought generally in the entire province; 

 Improving understanding of land degradation processes in the study area in drought contexts to 

figure out any links or risks of the desertification processes, especially in coastal regions; 

 Engaging local residents in proposing and examining prospective solutions for land-water-

vegetation management in the study are in stabling mobile sand dunes and in combating desertification; 

 Finally, projecting the research ideas in other coastal areas to observe any variations of the models 

regarding spatial and temporal scale.  

5.3. Conclusion 

Drought is a natural hazard relating to an occurrence of “drier than normal” condition. Occurrence, 

duration, and severity of drought can be captured using both historical in-situ and remotely sensed data. 

Worldwide statistics indicate that drought is now increasing in extent and more intensive due to climate 

change. Additionally, despite of occurring temporally, this hazard tends to stay longer and directly threatens 

productivity of lands and water supplies. Therefore, more research and projects have been conducted to 

enhance spatial and temporal understanding of this event as well as to propose effective efforts and solutions 

in sustainable land management to monitor all four types of drought.  

Binh Thuan, the driest province in Southern areas of Vietnam, has being affected dramatically by 

drought, especially the coastal regions. Prolonged droughts have occurred more frequently affecting 

vegetation cover, land and soil fertility, and depleting and polluting ground and surface water. This research 

emphasizes the distribution and severity of two main types of drought: meteorological and agricultural 

drought, and their roles in introducing drier climatic conditions in coastal areas of Binh Thuan province 

constraining land management and economic activities. Additionally, this dissertation fills in gaps of 

understanding about impacts of prolonged drought and inhabitants on land use land cover change. Finally, 

this dissertation provides strong evidence of the effectiveness of geospatial technologies and remotely 

sensed data enhancing knowledge and backgrounds of indices applied in monitoring natural hazards, such 

as droughts and assessing human impacts on changing landscapes. Those typical techniques and datasets 

area very useful and powerful to support policies- decision making, and ecosystem – environmental 

management. This research is expected to engage public, governmental, and scholar’s attentions in 

acknowledging risks and impacts drought and land degradation processes in coastal regions.  
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Appendix 1 

Drafted manuscript: Assessment of Arid Intensity, and Meteorological Drought based Precipitation 

Indices in a Vietnamese Coastal Province (Binh Thuan Province) 
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Assessment of Arid Intensity, and Meteorological Drought-based Precipitation 

Indices in a Vietnamese Coastal Province (Binh Thuan Province) 

ABSTRACT 

Aridity and drought are two distinctive climatic phenomena relating to limited availability of water 

resources. Aridity refers to a degree of a permanently dry condition with “lack of life promoting moisture” 

(American Meteorological Society) while drought temporally occurs as an abnormal dry condition in a 

period (several weeks or months). Identifying and monitoring drought is more complicated comparing to 

aridity because its pattern and intensity varies location to location depending on climatic conditions of 

total rainfall, air temperature, evapotranspiration, soil-water balances, types of vegetation, ground and 

surface water capacity, as well as local infrastructure and economic background. Although aridity 

represents a persistent phenomenon of local climatic characteristics (rainfall distribution versus air 

temperature), abnormalities in monthly, seasonal, or annual arid intensity may refer to potentially 

occurrence of meteorological drought which relates to precipitation deficits. This paper concerns how 

effective aridity indices based on precipitation assessment can be investigated in identifying occurrence 

and intensity of meteorological drought. The study area is one of the driest province located in the South 

central coast of Vietnam, named Binh Thuan province assessed during an interval of 32 years from 1985 

to 2017. Results show that there were variations of drought occurrences and frequencies across different 

locations in the study area, however, in several periods, drought occurred more frequently and lasted 

longer durations.  A validation of the results with a typical drought index, the Standardized Precipitation 

Index (SPI) showed similarities in drought pattern occurred in the study area over the observed period.  

KEYWORDS: Aridity; Meteorological Drought; Moisture Stress; SPI; Coastal, Vietnam, Binh Thuan 

 

INTRODUCTION 

Aridity and drought are two terms used to describe climate characteristics of low precipitation and 

humidity (Yao, Li et al. 2018). However, these two features are distinctive. Aridity refers to spatial 

distributions of degrees of dryness which permanently dominates regions of imbalance in water availability 

within low average rainfall (Zarch, Sivakumar et al. 2015) resulting in low moisture content and limitations 

of caring capacity of local ecosystems. Drought, on the other hand, can occur disregarding any precipitation 

and temperature regime. Aridity can be used to define different climate zones based distribution of 

precipitation coupling impacts of temperature and evaporation process (Sahin 2012). There are many 

indices applied in categorizing arid conditions. The simplest and commonest indices involve two factors of 

average temperature, and total precipitation, such as the De Martonne aridity index (de Martonne 1926), 

Emberger index (Emberger 1932), Thornthwaite index (Thornthwaite 1948), Minar’s moisture certainty 

(Sobisek 1993), Lang’s rainfall factor (Neira, Verbist et al. 2010), or the Pinna combination index (Baltas 
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2007). Other complicated indices require more input data such as potential evapotranspiration index – 

UNEP arid index, plus soil moisture and crop index.  

Drought, on the other hand, is one of temporal weather extremes relating the abnormal shortage of 

available water sources. Water sources may refer to rainfall, soil moisture, surface and ground water, or 

supply and demand for water. Deficiency of water resources in terms of availability and quality will 

consequently result in drought. Although drought occurs in all climatic zones due to aberrations and 

variability of rainfall, it occurs more frequently in arid and semi-arid regions where water resources and 

moisture contents are restricted (Greve and Seneviratne 2015, Spinoni, Vogt et al. 2015).  There are four 

types of drought: meteorological, hydrological, agricultural, and socioeconomic. The first three types are 

associated with the physical phenomenon of presented water contents ((NDMC).   

During the drought exposing timescale, meteorological droughts are formed firstly upon variations 

of climatic exposure such as high temperature, rainfall deficit, and increases of evapotranspiration. Then, 

shortages of water supply, and loss of moisture will cause “soil-water deficiency which will consequently 

affect vegetation health resulting in occurrence of agricultural droughts (Gamo, Shinoda et al. 2013). As 

consequences of a longer duration of water supply deficit, and increase of evapotranspiration process, 

surface water quantity will decline significant, and subsequently hydrological droughts will occur. Those 

three types of drought connect each other regarding a duration of the dry and hot conditions then finally 

lead to environmental, social economic issues. There are series of drought indices can be applied to identify 

and monitor drought frequency and intensity categorized depending types of input data.  

The SPI – Standardized Precipitation Index is one of typical drought indices which can quickly 

assess meteorological drought via precipitation records from in-situ weather stations or from satellites. The 

SPI is very common in monitoring variations of temporal resolution of precipitation conditions, which is 

very useful in learning impacts of rainfall deficit in agriculture and hydrology (McKee, N. J. Doesken et al. 

1993, McKee, N. J. Doesken et al. 1995). Categories of SPI values relating dry conditions are represented 

in table 2. The SPI can be generated within different intervals such as 1 month (SPI 1), 3 months (SPI 3), 6 

months (SPI 6), 12 months (SPI 12), and up to 48 months (SPI 48).  

 Another common index is PDSI – the Palmer Drought Severity Index (Palmer 1965), however this 

index is more complicated, comparing to the SPI because input data require systematic datasets of local 

water balance regarding evapotranspiration process, and soil-water capability. Although the PDSI is 

complex, it is very effective in observing long-term drought distinguishing to seasonal aridity (Alley 1984). 

Nevertheless, any temporal irregularities of arid conditions are possibly representing drought occurrences.  

In this study, monthly, seasonal, and annual arid indices (shown in table 2) will be investigated and 

respectively compared to the monthly, seasonal, and annual SPI index (SPI 1, SPI 3, SPI 6, and SPI 12) for 

assessing their effectiveness in determining meteorological drought. The study area, Binh Thuan province 
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is located in the Southern coast of Vietnam (figure 1) where the local weather is very distinctive: dry in the 

Northern and the Eastern coastal areas of the province, and humid in the Southern and the Western areas. 

Previous research has approached drought assessment based on aridity indices, such as drought zoning 

using the annual UNEP index (Pham 2012). However, there are some gaps in those studies: (1) the timescale 

of 10 years was not sufficient; (2) effectiveness of aridity indices in drought indication was not validated; 

and (3) no types of drought were determined. Thus, in this research, abnormalities of different time-scale 

arid indices (more than 30 years) are assessed to reveal meteorological drought incidents, the time series 

SPI will be used as validations for those analyses.  

 

Figure 1. Location of the study area, Binh Thuan province 

STUDY AREA 

Binh Thuan is located in the southernmost province of the South Central Region, Vietnam; 

bordering the East Sea in the South and South east within 192km coastline (see figure 1). Binh Thuan is 

located at the intersection between high mountainous regions in the West and Southwest (the Central 

Highlands) and narrow coastal plains in the East and Southeast.  Thus, the terrain is very complicated.  The 

climate in Binh Thuan is divided into two seasons: dry and rainy (wet) seasons which each lasts 

approximately 6 months each year; driven by global climate and ocean circulation, the duration of these 

seasons is subject to change. For example, in the years of El Niño’s occurrence, dry seasons may be longer, 

causing meteorological drought, and a significant decrease of rainfall. The total rainfall in Binh Thuan is 

about more than 1000 mm per year mainly distributing in wet seasons from May to October. Dry seasons 
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start from November till the following April; during dry seasons, in some areas in Binh Thuan, there is 

almost no rainfall or less than 50 mm (Tuy Phong, Bac Binh), but approximately 200 mm on average. Thus, 

during dry seasons, agriculture, grazing, and aquaculture have to face to fresh water shortage issues. 

Otherwise, Binh Thuan has received a large amounts of solar radiation –totally 2650 ÷ 2750 solar hours per 

year, temperature, depending on elevation, is above 270C on average, and average wind speed is ranging 

from 2 ÷ 3 m/s depending on locations (wind speed is stronger near the coastline). Figures 2 and table 1 

represent climatic divisions of Binh Thuan based on governmental reports.  

 

Figure 2. Left image -The Köppen climate classification applied in Vietnam, Binh Thuan (red outlined polygon) is located in the 

Aw region -tropical savana climate; Right image – direction  airflows during  monsoon seasons in the Southern Vietnam 

(Britannica); Left image: annual rainfall distribution in entirely Vietnam shows extremely low level of precipication in Binh 

Thuan (tortoise color) 

Formation of dry conditions in the North and coastal areas of Binh Thuan is explicated upon the 

typical geogaphic location of the study area, sand dunes distributing near the coastline, distintve vegetation 

cover, and impacts of upwelling currents in the East during dry season.  

Having a long eastern coastal line,  bordering with the Central Highlands in the West, the climate 

of Binh Thuan is regionally divided into distintive mirco-climatic zones, such as hot and dry in the North 

and Northeast, or warm and wet in the South and Southwest. In general, Binh Thuan is located in a tropical 

savana climate – Aw (Thai, Cazelles et al. 2010) chraterized by hot and dry summers, and wet winters. 

During monsoon seasons, Binh Thuan receives a high moisture content of oceanic airflows, however due 
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to the Highlands (Bi Dup, Lam Vien, and Di Linh) from the Northwest to Southwest, and other mountains 

such as Hon Ba (1356 m), Se Sai (1128 m), and Chua mountain (1040m) in the Northeast (Binh Vuong Ho, 

Hien Van Le et al. 1996, Vinh, Hien et al. 2013), which block the Southwestern and Northeastern airflows 

resulting a majority of rainfall distributtion in the Western slopes. At the Eastern slopes, there are hot, dry 

winds leading to dramatic decreases of precipitation distribution in Northern and Northeastern areas, 

sometimes total rainfall is less than 50 mm per approximately 6 months. In contrast, without being blocked, 

Southern areas receive higher rainfall, orginating from exbulent moisture from the oceans.  The lower 

rainfall, and higher temperatures may lead to drought occurrence in the North and Northeast of Binh Thuan 

especially during dry seasons.   

 

Figure 3. Climate divisions in Binh Thuan 

Table 1. Explanation of climate characteristics in Binh Thuan 

Symbol Annual Temp 

(
0
C) 

Max-Min 

Temp 

(
0
C) 

Precipitation 

(mm) 

Dry season 

(months) 

IA2a >25 7÷9 1500÷2500 4÷5 

IA2b >25 7÷9 1500÷2500 6÷8 

IB1b >25 ≥9 1000÷1500 6÷8 

IB2b >25 7÷9 1000÷1500 6÷8 

IC2b >25 7÷9 800÷1000 4÷5 

ID2d >25 7÷9 <800 4÷5 

IIA2b 20÷25 7÷9 1500÷2500 6÷8 
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IIB2b 20÷25 7÷9 1000÷1500 6÷8 

IIC2b 20÷25 7÷9 800÷1000 4÷5 

 

The occurrence of upwelling currents in the Southeast shelf also contributes aridity to Northern 

areas bordering Ninh Thuan province (Chen, Lai et al. 2012). Impacts of these currents are more significant 

in the Southwest monsoons, which lower the temperature of oceanic airflows resulting rainfall before they 

reach the coastlines. Consequently, those airflows bring dry and hot air instead of moisture to the coastal 

areas. Figure 2 describes the distribution of monsoon airflows during summers and winters (right image).  

Figure 3 shows a map of climatic divisions in Binh Thuan with an explaination about labels on the map is 

presented in table 1. Northearn areas which are highlighted by orangeish to redish colors are much drier 

comparing to other regions in Binh Thuan province as annual rainfall is less than 1000 mm.  

Additionally, the distribution and occurrence of mobile sand dunes (white and yellow) along the 

coastline, which are about 10-50 m high on average blocking the moisture from the sea and indirectly 

enhancing the evapotranspitation process via increasing surface temperature. Based on our field research 

in 2016, the sand surface temperature increased rapidly and could reach approximately 50oC at noon while 

air tempearture was around 35 to 40oC, and it still resisted  and retained heat till midnight. The higher 

surface temperture during day time coupling with the high amounts of solar radation consequently put a 

pressure of water stress on local vegetation cover  which is very fragile and unable to compensate the loss 

of air moisture. Our recent research in 2017 examining relationships between moisture and temperature 

conditions regarding occurrence of agricultural droughts have shown these issues (Tran, Campbell et al. 

2017). 

MATERIALS AND METHODOLOGIES 

In order to execute research of hourly and daily rainfall data provided by the Meteoblue team, data 

were collected at three stations located along the coastal area: Lien Huong, Phan Thiet, and La Gi (see 

figure 4). These data were modelled and simulated by data input collection from meteorological satellites 

and local weather stations using NEMS30 model (NEMS: NOAA Environmental Modeling System at 30 

km of resolution) from 1985 to 2017. Detailed information is provided at this link: 

https://content.meteoblue.com.  

Based on these data, several arid indices, and a SPI- (Standardized Precipitation Index) was 

investigated and examined; table 2 represents formulas and categories of those indices.   There are five arid 

indices applied in this case study, which were basically proposed upon relationships between precipitation 

and air temperature. De Martonne’s index is one of the oldest indices that is commonly applied to divide 

different arid zones. Lang’s rainfall factor and Minar’s moisture certain are mostly applied to reveal 

moisture conditions at certain locations. In this research, we are experiencing both monthly and annual De 

https://content.meteoblue.com/
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Martonne’s index (IDM), Lang’s rainfall factor (IL), and Minar’s index (IM) for examining differences of 

those indices to identify arid conditions, and drought duration (months). The other two indices, 

Thornthwaite’s (PE) and Pinna’s (IP) are ordinarily used for assessing precipitation efficiency per year, so 

in this research, we only calculated yearly values of those two indices for testing meteorological drought 

occurrence comparing to the SPI 12.  

 

Figure 4. Locations of three stations Lien Huong (Tuy Phong), Phan Thiet (Phan Thiet), La Gi (Ham 

Tan), and their annual precipitation and temperature from 1985-2017. 

Table 2. Summaries of arid indices: name, equation, and classification 

Index Equation Classification Note 

De Martonne’s arid 

index 
IDM= 

𝑃

𝑇+10
 IDM<10: Arid 

10≤ IDM ≤20: Semi-arid 

21≤ IDM ≤24: Semi-humid 

IDM> 24: Humid 

Monthly 

Annual 

Thornthwaite’s index PE= ∑ 115(12
𝑛=1

𝑃

𝑇−10
)10/9 

Units: inches (precipitation), and 
0F (temperature) 

PE<16: Arid 

16≤ PE ≤31: Semi-arid 

32≤ PE≤ 63: Semi-humid 
PE>63: Humid 

Annual 

Minar’s moisture 

certainty 
IM=

𝑃−30(𝑇−7)

𝑇
 IM<0: Highly arid 

1≤ IM ≤7: Arid 

8≤ IM ≤14: Semi-arid 
15≤ IM ≤21: Stable 

22≤ IM ≤28: Semi-humid 

IM> 28: Humid 

Monthly 

Annual 

Pinna combinative 
index 

IP=
1

2
(

𝑃𝑦

𝑇𝑦+10
+

12𝑃𝑑

𝑇𝑑+10
) IP<10: Arid 

10≤ IP ≤20: Semi-arid 

IP> 20: Humid 

Annual 

Lang’s rainfall factor IL=
𝑃

𝑇
 IL<40: Arid Monthly 
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40≤ IL ≤60: Semi-arid 

60≤ IL ≤100: Semi-humid 
IL> 100: Humid 

Annual 

P: Monthly/yearly precipitation in total (mm) 
T: Monthly/yearly mean temperature (0C) 

Py: Yearly precipitation (mm) 
Ty: Yearly average temperature (0C) 

 

Pd: Precipitation of the driest month in a year (mm) 
Td: Temperature of the driest (0C) 

 

  

The Standardized Precipitation Index (SPI) is computed based on a long-time records of rainfall 

distribution (normally up to 30 years or more) reveal “probability of precipitation” in different time scales 

(From 1 to 48 months, and can be longer). SPI is similar to other climatic indices using time-series rainfall 

records, disregarding a required time period for input data. By standardizing distribution of precipitation 

over a specific time, then assigning new values (SPI values), wet and dry conditions are determined as if 

SPI is negative, meteorological drought can possibly occur. The smaller the negative SPI is, the more severe 

that drought is. Nevertheless, if the SPI is positive regarding more rainfall amount at the observing time, 

the climate is likely wet. Categories of SPI values are shown on table 3. 

Table 3. SPI categories (McKee, N. J. Doesken et al. 1993) 

SPI values Interpretation Drought classes 

SPI <-2.0 Extremely dry Extreme drought 

-2.0< SPI <-1.5 Severely dry Severe drought 

-1.5< SPI <-1.0 Moderately dry Moderate drought 

-1.0< SPI <-0.5 Dry Mild drought 

-0.5< SPI<+ 1.0 Nearly Normal  

 

No drought 

+1.0 < SPI <+1.5 Moderately wet 

+1.5< SPI <+2.0 Very wet 

SPI <+2.0 Extremely wet 

 

  The SPI can be interpreted at different time scales.  For this research, we conducted SPI time scales 

of: 1 month, 3 months, 6 months, and 12 months for examining short- to medium-terms of insufficient 

moisture conditions based on abnormal rainfall. Some research has tested effectiveness of SPI time-scales 

and shown that:  SPI 1 and 3 months are effective to reveal short-term moisture stress while SPI 6 and 12 

months are more appropriate to evaluate stress of water storage and supply from hydrological systems. 

However, because the SPI only uses historical precipitation records as input for drought models 

disregarding effects of temperature, overall water balance and usage are excluded. Furthermore, the SPI 

model requires systematic data, thus any missing data may result inappropriate output, especially for short 

duration. In this study, starting with the basic idea of utilizing records of precipitation and temperature over 
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32 years, we investigated both arid indices and SPI to examine how arid indices can be effectively applied 

to assess meteorological drought as alternative indices to SPI because at least, those arid indices require 

two datasets – rainfall and air temperature.  

  

RESULTS AND DISCUSSION 

1. Drought indicated by monthly arid indices 

 Figures 5, 6, and 7 represent four precipitation indices: De Martonne’s. Lang’s, Minar’s, and SPI 

1. Based on categories of those indices, computed values at all three stations- LaGi, Lien Huong, and Phan 

That determine arid conditions at coastal regions of Binh Thuan accounting a wide range of precipitation 

variation between months; the lower those values are, the more arid the local climate is. All three aridity 

indices, the de Martonne’s, the Lang’s, and the Minar’s index, indicate extremely arid climate in the study 

area. There are monthly variations in the values of those indices which were very low during dry seasons: 

less than 2 for the de Martonnes’s and the Lang’s, and -20 for the Minar’s. However, because all values of 

those indices were under the arid condition, the monthly alternation between wet and dry conditions to 

reveal drought occurrence was not expressed. Thus, monthly aridity indices are not sufficient to capture 

meteorological drought. 

  

  
Figure 5. Computed monthly values of De Martonne’s, Lang’s, Minar’s, and SPI 1 index at LaGi station. 
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The SPI 1, on the other hand, by using a wider range of positive and negative values to express dry 

conditions, is easier to determine anomalies in moisture stress. The fourth graph (lower right) in each figure 

5, 6, and 7 illustrate variation of SPI  1 month. The SPI 1 negative values indicated some periods that were 

extremely dry referring occurrence of meteorological drought from moderate to extreme level (SPI < -1, 

see table 3 for reference). Based on the SPI values, the Northern coastal area, in which Lien Huong and 

Phan Thiet station are located, is much drier compared to the Southern part (La Gi station), and droughts 

occurred more frequently, especially in the period of 1990-2003. Therefore, in this examination of monthly 

moisture stress to predict dry conditions and drought occurrence, SPI 1 is more effective than the other arid 

indices. 

  

  

Figure 6. Computed monthly values of De Martonne’s, Lang’s, Minar’s, and SPI 1 index at Lien Huong station. 
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Figure 7. Computed monthly values of De Martonne’s, Lang’s, Minar’s, and SPI 1 index at Phan Thiet station. 

 

2. Drought indicated by annual arid indices 

 Values of five yearly arid indices and the SPI are charted and illustrated in figures 8, 9, and 10. 

Five indices including De Martonne’s, Lang’s, Minar’s, Thornthwaite’s, and Pinna’s show semi-humid to 

humid conditions within the Southern coast (La Gi station), and arid to semi-arid condition in the Northern 

coast (Lien Huong and Phan Thiet). Local climate in Phan Thiet is the driest comparing to two other 

stations. The tremendously dry conditions recorded at Phan Thiet station were not only influenced by 

geographic and physiological characteristics but also by impacts of “urban heat island” effects. Phan Thiet 

is the central city of Binh Thuan province where its population is half that of one the entire province, 

industrialization and urbanization processes are developing speedily resulting “heat island” within higher 

surface temperatures and quicker evapotranspiration explaining why the De Martonne’s and Lang’s indices 

at Phan Thiet station are much lower than La Gi and Lien Huong.  

 In this examination, we investigated annual data for assessing conditions of “drier than normal” or 

drought-based arid indices to specify years of drought occurrence. In comparison to four indices (De 

Martonne’s, Lang’s, Thornthwaite’s, and Pinna’s), the Minar’s moisture stress is much more effective in 
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capturing anomalies in arid conditions as a wide deviation between computed and average values: the La 

Gi station recorded “drier than normal” condition in periods of 2000-2005 and 2013-2015; while at the Lien 

Huong station, records and computed data indicate that meteorological drought occurred more frequently, 

there are similar patterns between Minar’s index and SPI 12 showing occurrences of  severe droughts during 

1986-1989, 1992-1994, 2000-2005, and 2013-2015; the period of 2000-2005 also denoted frequent 

presence of drought recorded at Phan Thiet station. 

  

  

  

Figure 8. Computed yearly values of De Martonne’s, Lang’s, Minar’s, Pinna’s, and Thorthwaite and SPI 1 index at LaGi station 
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Figure 9. Computed yearly values of De Martonne’s, Lang’s, Minar’s, Pinna’s, 

 and Thorthwaite’s and SPI 1 index at Lien Huong station. 
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Figure 10. Computed yearly values of De Martonne’s, Lang’s, Minar’s, Pinna’s,  

and Thorthwaite’s and SPI 1 index at Phan Thiet station. 

Generally, by conducting both monthly and annual arid indices for testing “drier than normal” 

conditions based historical weather records, this study has shown that: 

- Monthly arid indices possibly represent variation of dry conditions relating to precipitation and 

air temperature records. However, in order to reveal the stress of moisture condition and water 

unbalance, monthly intervals are not sufficient. In contrast, SPI 1 month is more effective in 

revealing short-term stress of moisture stresses relating to droughts. 
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- Yearly arid indices are probably effective in indicating occurrence of droughts based on a 

condition of “drier than normal”.  

- All five arid indices illustrated years that were more arid compared to average. However, 

computed values of Minar’s moisture stress is more apparent.  Additionally, SPI 12 showed 

similar patterns of dry condition as Minar’s index. 

- Droughts occur more frequently and more severely at the Northern coast of Binh Thuan 

province as identified by comparing computed data of different stations. 

- The SPI time scales are able to describe the condition of precipitation deficit in both frequency 

and duration (see the appendix for a comparison of different SPI time scales), but one of the 

disadvantages of this index is that the SPI model only use one single input dataset- 

precipitation. Thus, the relationship between rainfall and temperature are not credited. At 

yearly scale, the Minar’s moisture stress index may possibly alternate SPI 12 which computes 

both records of precipitation and temperature in its model.  

The appendix presents three graphs of SPI values assessed in different time scales: SPI 3, SPI 6, 

and SPI 12 performing variations of drought occurrences and duration during 1985-2017. The shaded blue 

areas illustrated drought occurrence when SPI values were below -1 based on the table of SPI categories, 

the length of the shaded areas represented duration of drought within months. Within an interval of 3 months 

(SPI 3), the Lien Huong station recorded approximately 22 drought events which lasted from 1 to 5 months, 

while at LaGi and Phan Thiet, there were about 20 drought events. Within an interval of 12 months, drought 

events occurred more frequently recorded at Lien Huong station comparing to two other stations, but 

drought tended to last longer at LaGi.  

 

CONCLUSION 

Located at the border between the humid climate in the South, and the hot - dry climate in the 

North, the climate of Binh Thuan province is very distinctive, as represented by characteristics of long dry 

seasons within limitations of rainfall forming semi- arid to arid conditions in the coastal areas of the 

province. These areas, positioned in an arid zone, are much more at risk of drought due to insufficient water 

resources resulting mainly from sudden cut-off rainfall, and inefficient water management. Weather records 

support to quick assessment of drought occurrence and estimation of drought severity via precipitation 

indices. However, in order to evaluate drought severity more accurately, it is necessary to further study on 

other impacts of drought, such as impacts on vegetation, soil –water capacity, stream flows, and social-

economic impacts.   
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Appendix 2 

Hoa Thi Tran, James B. Campbell, Tri Dinh Tran & Ha Thanh Tran (2017). Monitoring drought 

vulnerability using multispectral indices observed from sequential remote sensing (Case Study: Tuy 

Phong, Binh Thuan, Vietnam). GIScience & Remote Sensing, 54:2, 167-

184, DOI: 10.1080/15481603.2017.1287838 
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Appendix 3 

Tran, Hoa T.; Campbell, James B.; Wynne, Randolph H.; Shao, Yang; Phan, Son V. 2019. 

"Drought and Human Impacts on Land Use and Land Cover Change in a Vietnamese Coastal 

Area." Remote Sens. 11, no. 3: 333.DOI: 10.3390/RS11030333 
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