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1 Introduction 

Drought remains the most complex natural phenomenon affecting the economy, 

environment and society at the global, regional and local level (Parsons, Rey, Tanguy, & 

Holman, 2019). For instance, the occurrence of prolonged rainfall failure remarkably alters 

water resources, ecosystem balance, and impact on agriculture (Rohli et al., 2016). During the 

last two decades, the frequencies and severity of drought, as well as the affected area, have 

increased (Aiguo  Dai, 2011; Aiguo Dai, 2013; Aiguo Dai et al., 2004). In the fifth assessment 

report of the Intergovernmental Panel on Climate Change (Pachauri et al., 2014), the impacts 

of rapidly changing climate with projections pointing to an increase in extreme events (such as 

droughts and floods) are expected in across many regions. During the last decades, the 

frequencies and severity of drought as well as the affected area have increased mainly as a 

result of climate change (IPCC, 2007), similarly freshwater availability in some parts of Asia 

is projected to decrease, which, along with population growth and increasing demand arising 

from higher standards of living, could adversely affect more than a billion people by the 2050s. 

The IPCC findings also indicate dramatic changes in temperature and precipitation conditions 

for the Mediterranean region and a likely increase in drought frequency and intensity.  

Droughts have been a recurring feature of the Jordan climate; therefore study of historical 

droughts may help in the delineation of significant areas facing drought risk (vulnerable areas). 

After that, management plans can be formulated by the government authorities to cope with 

the disastrous effects of this hazard. A major extreme drought hit Jordan between 1958 and 

1962. At that time, at least 70 percent of the then considerable camel herd died, leading to a 

virtual demise of camels as an economic element in livestock production there. In the year 

1999-2000, Jordan faced the driest winters on record, and the agriculture sector has been 

severely suffered negatively from this harsh extreme event. The rains were two months late, 

poorly distributed and ended early. Overall, precipitation was reduced by an average of 70 

percent throughout the country.  

The historical drought event in 1986 resulted in an 83% reduction in wheat production as 

compared to 1987 levels, and the 1997 drought led to a 30% reduction in Jordan’s sheep flock 

because of disease, malnutrition, or premature slaughter (ESCWA, 2005). According to (UN-

DESA, 2016) limited precipitation during the 1998-2000 agricultural season led to a sharp drop 

in dam water levels, seriously reducing agricultural production and exacerbating the economic 

problems facing the country. Rainfall in 1999 dropped by as much as 70% in some zones of 

the country, leaving agricultural yields and production the worst recorded in the last four 
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decades. FAO (FAO, 2007) reported that less than 1% of cereals and 40% of red meat and milk 

were harvested from 1998 to 2001. As a result, the food security of approximately one-quarter 

of the population (4.75 million people) was threatened, and about 180,000 farmers and herders 

were severely affected by the drought conditions. 

The reactive approach based on the implementation of measures and actions after a 

drought event has been applied in Jordan. This approach is still based on emergencies and often 

results in inefficient technical and economical solutions. This is because actions are taken with 

little time to evaluate optimal actions, and stakeholder participation is minimal. 

As a result of extreme drought in 1999, the Government of Jordan declared a state of 

drought in the country. An inter-ministerial Drought Committee was established, headed by 

the Ministry of Interior with members from six other Ministries, including Agriculture, Water 

and Irrigation and Social Development. In February, the Minister of Planning requested the 

WFP Executive Director to consider providing food assistance to drought-affected persons. In 

March, the Government sent an official request to WFP to field a joint mission together with 

FAO in order to assess the drought situation. The mission established that following one of the 

driest winters on record, dam water levels have reached an unprecedented low, access to 

regional surface water, irrigation sources has been cut and the overall vegetation cover has been 

less than ever before. The agriculture sector has been severely hit. The rains were two months 

late throughout the country, poorly distributed and ended early. Overall, precipitation was 

reduced by an average of 70% throughout the country. The reduced rainfall was also 

accompanied by an increase in minimum ambient temperatures, which increased 

evapotranspiration and exacerbated pest problems in irrigated-humid areas. Remote sensing 

data confirm that the hardest hit arable areas are located in the most productive zones, namely 

the uplands and the Jordan Valley. 

Drought proactive actions and action plans can help decision-makers to identify sectors 

that are vulnerable to drought, investigate management options before a crisis and increase 

readiness for the implementation of the most appropriate and cost-effective strategies available. 

Drought action plans will foster a more informed decision-making process and the 

development of efficient drought management program. Besides, drought management 

strategies and action plans can create opportunities for a broad range of stakeholders to 

participate in the decision-making process, which can foster capacity building, conflict 

resolution, and collaborative relationships. 

The existing governance structure of drought management in Jordan is under development 

and lacks precise institutional and legal arrangements. However, the Ministry of Water is 
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mandated to handle drought issues in the country from the water scarcity perspective related to 

domestic and irrigation water. Hence, drought management is a multi-disciplinary approach 

and should engage a wide spectrum of stakeholders. Drought is regarded as a slow-onset natural 

disaster that causes inevitable damage to water resources and to farm life. Currently, crisis 

management is the basis of drought mitigation plans; however, thus far studies indicate that 

effective drought management strategies are based on risk management.  

The standard approaches in drought management include two main approaches: (1) 

Reactive Approach that is based on the implementation of measures and actions after a drought 

event has started and is perceived. This approach is taken in emergencies and often results in 

inefficient technical and economical solutions, because actions are taken with little time to 

evaluate optimal actions and stakeholder participation is minimal. 

The second approach is the Proactive Approach where all the measures are designed in 

advance, with appropriate planning tools and stakeholder participation. The proactive approach 

is based both on short term and long-term measures and includes monitoring systems for a 

timely warning of drought conditions. It can be considered an approach to "manage risk". A 

proactive approach entails planning the necessary measures to prevent or minimize drought 

impacts in advance. Such an approach includes preparedness of planning tools, which would 

enable the consequences of a possible water emergency to be avoided or reduced (Wilhite, 

Svoboda, & Hayes, 2007). 

The proactive approach calls for continuous monitoring of hydro-meteorological variables 

and water reserves in order to identify possible water crises and apply the necessary measures 

before a real water emergency occurs. If it is not possible to avoid a water crisis that appears 

as a natural public calamity (after a government declaration), the Drought Contingency Plan is 

implemented until the establishment of normal conditions. It is evident that a proactive 

approach, even if more complex, is more efficient than the traditional approach since it allows 

drought mitigation measures (both long term and short term) to be defined in advance, which 

improves the quality of the interventions. The implementation of a proactive approach implies 

drafting plans in which the mitigation measures are clearly defined together with the 

instructions for their implementation. The proactive approach is recommended for drought 

management and will reduce drought impacts and risks.  
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2 The Challenges of Drought in Jordan  

Resource endowments are limited in Jordan, water scarcity and food insecurity are 

significant threats and well-documented by many authors (Al-Bakri et al., 2013; Alqadi & 

Kumar, 2011, 2014; Mohsen, 2007; C. A. Scott, El-Naser, Hagan, & Hijazi, 2003; Van Aken, 

Molle, & Venot, 2009). The water scarcity and food insecurity continues to worsen as 

increasing food demand due to high population growth, hosting several fluxes of refugees and 

economic development needs and climate change. The expanding population placed enormous 

pressures on the already scarce and depleted natural resources in Jordan. 

Jordan’s natural resources are limited and insufficient to meet national food demand. For 

example, the freshwater share per capita per year has fallen from 500 m3 to 140 m3 in the years 

1975 and 2010, respectively. In 2017 Jordan’s annual renewable resources of less than 100 

m3/capita were far below the global threshold of severe water scarcity of 500 m3/capita. Given 

the water security threat to Jordan posed by water shortages, water security has become a major 

domestic issue as the population increases rapidly through refugees entering the country from 

the conflict in the neighbouring countries, including a new influx from Syria estimated with 

2.72 million people where about 0.9 million is registered refugees from various countries by 

the end of December 2015 (UNHCR, 2016, 2018) 

National water resources and water balance are facing negative impacts due to higher 

demand, over-abstraction and the effects of climate change and drought spells. There is severe 

competition among socio-economic sectors due to the exponential rise in water demand. The 

need for water for domestic, irrigation, industrial and environmental protection, coupled with 

the deterioration of water quality and control of water-borne diseases, pose serious water 

sustainability challenges. The economic development of the past two decades has further 

created enormous pressures on the quality of groundwater and surface water resources. The 

main challenge for the future is meeting growing national water demand over the medium to 

long term. Alternative water resources management and efficiency strategies are therefore 

needed to optimize the use of this scarce resource. 

The national water sector reallocation policy gives priority to domestic needs, followed by 

the sectors that provide the highest feasible and economic return per m3 of water used. It also 

focuses on adaptive capacity, high resilience and low complexity to address the national water 

needs. Efforts are underway to address the water security issue by: (i) improving efficiency in 

distribution and conservation of available resources; (ii) increasing wastewater treatment; and 

(iii) developing ’new water’ through rain harvesting and desalination. Given the limited 
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financial resources available, the private sector can offer solutions through public/private 

partnership modalities (MWI, 2016e). 

As a result of water competition among water-consuming sectors, the available freshwater 

for farmers in Jordan Valley has declined. The five-year moving average of water released to 

irrigation dropped from 155 million cubic meters in 2003 to 144 million cubic meters the 

average for the years 2013-2014 (MWI, 2015). The drop in freshwater has been accompanied 

by an increase in establishment and reuse of treated wastewater to compensate for the irrigation 

water needs. Nevertheless, the total crop area has increased from 27,500 hectares in 1994 to 

31,600 hectares in 2014 (DOS, 2019). The agricultural productivity in the Jordan Valley has 

increased despite the sector’s major water resource constraints. The increased reliance on new 

farming and irrigation technologies (expansion of greenhouses, the introduction of new high 

yielding crop varieties, greenhouses and drip irrigation technologies) and the expansion of 

agricultural technologies and increased the cultivated areas have resulted in higher agricultural 

output (van den Berg & Al Nimer, 2016) 

Jordan is a drought-prone country, the annual precipitation trends over the past fifteen 

years were fluctuating, contributed to exacerbating the strain on local food availabilities, 

distribution and affordability by consumers as well as, freshwater availability for domestic 

uses. The drought events were predicted to be extremely likely. The maximum number of 

consecutive dry days would likely increase in the reference model of more than 30 days for the 

2070-2100 period. The predictions indicate more frequent droughts with 3 to 4 years lag. 

Potential evaporation would also likely increase. The most consequence of drought and climate 

change in Jordan is the decrease in water availability about 15-20%, as well as the fall in crop 

production, due to inadequate and poorly distributed rainfall. Long-term average annual 

precipitation is 8,190 MCM, of which an average of 92.5% (63% in the highlands to around 

99% in the eastern desert) is lost by evaporation (MWI, 2016a).  

Vulnerability to the impacts of climate change on water resources (IPCC, 2013) has 

contributed to securitizing water discourses. Despite uncertainties in projections, most climate 

change scenarios forecast adverse water availability trends in Jordan, including weather 

extremes (Sowers, Vengosh, & Weinthal, 2011). Jordan is already experiencing anthropogenic 

climate change: between 1950 and 2003, there has been an increase in aggregate temperatures, 

a decrease in the number of cold days, and an increase in the amount of warm days. The 

increasing frequency of wintertime droughts (i.e. 10 of its 12 driest winters since 1902 within 

the past 20 years) cannot be explained by natural climatic variability alone.  
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3 Theoretical Background  

This section will explain the concept of drought and showing the impacts and 

consequences of drought and methods used to measure drought. 

3.1 Drought Concept 

Drought is a general term referring to a consequence of an extended period (e.g., season, 

year, or more) of deficient precipitation compared to the statistical long term average for a 

region. These events result in water shortages that impact on the functioning of natural 

ecosystems, and bring great hardship and disruption to human activities (Christos A  Karavitis, 

1998; Sivakumar, 2005).  

Drought is a temporary dry period, in contrast to the permanent aridity in known arid 

areas, and droughts occur in most parts of the world, even in wet and humid regions (Erian, 

Abbashar, & Abo-Swaireh, 2011; Sun, Solomon, Dai, & Portmann, 2006; Sergio M Vicente-

Serrano et al., 2014). Drought is one of the most complex natural hazards; it is considered to 

be a slow accumulative process of indefinite commencement and termination that affects many 

more persons as compared to other hazards (Tannehill, 1947) (Hagman, Beer, Bendz, & 

Wijkman, 1984). Although there is no single definition of drought applicable to all spheres, the 

term drought generally implies water scarcity resulting from insufficient precipitation, high 

evapotranspiration, or over-exploitation of water resources, or a combination of these 

parameters (Bhuiyan, 2004; Dracup, Lee, & Paulson Jr, 1980; Gillette, 1950; Meigh, 

McKenzie, & Sene, 1999; Mishra & Singh, 2010; Wilhite, 2000; Donald A Wilhite & Michael 

H  Glantz, 1985; Zargar, Sadiq, Naser, & Khan, 2011)  

Generally, droughts can be classified into agricultural, hydrological, meteorological, and 

socio-economical. The first three approaches deal with ways to measure drought as a physical 

phenomenon, whearas the last approach deals with drought in terms of effects of water shortfall 

as on socioeconomic systems (Wilhite and Glantz, 1985). Meteorological Drought refers to the 

degree of dryness or rainfall deficit and the length of the dry period. Hydrological Drought 

deals with the impact of rainfall deficits on the water supply such as streamflow, reservoir and 

lake levels, and groundwater table decline. On the other hand, Agricultural Drought refers to 

the impacts on agriculture by factors such as rainfall deficits, soil moisture deficits, reduced 

groundwater, or reservoir levels needed for irrigation, while Socioeconomic Drought considers 

the impact of drought conditions (meteorological, agricultural, or hydrological drought) on 

supply and demand of some economic goods such as fruits, vegetables, grains and meat. 

Socioeconomic drought occurs when the demand for an economic good exceeds supply as a 



7 

result of a weather-related deficit in water supply (Clive  Agnew, 1990; Clive Agnew & 

Warren, 1996; AMS, 2004; Le Houérou, 1996; Palmer, 1965; Smakhtin & Hughes, 2007; D.A. 

Wilhite & M.H. Glantz, 1985). 

3.2 Drought Impacts 
Droughts are considered a natural hazard; a traditional disaster often leading to emergency 

mobilization. Since the 19th century, more people have been negatively affected by drought 

than any other physical hazard; more than 11 million people have died as a consequence of 

drought, and more than 2 billion people have been affected in some way (Wilhite, 2000). The 

percentage of the planet affected by drought has more than doubled in the last 40 years and, in 

the same period, droughts have affected more people worldwide than any other natural hazard 

(FAO, 2017).  

Drought impacts are broadly defined as the negative environmental, economic, or social 

consequences of drought conditions(Knutson, Hayes, & Philipps, 1998). Previous studies 

focused on agricultural impacts quantified by crop yield, particularly in southern and eastern 

Europe or hydropower generation (G Tsakiris, Vangelis, & Tigkas, 2010; Sergio M  Vicente-

Serrano, 2006). some studies have related drought impact with vegetation response (Jain, 

Keshri, Goswami, & Sarkar, 2010). 

However, drought impacts on all sectors, with water, agricultural, industrial, 

environmental, socio-economical, and political aspects. According to the literature, drought 

impacts include effects on drinking water supplies, the environment (mortality of fish species, 

river bank biodiversity reduction, biodiversity loss in terrestrial areas, wetland impacts, forest 

fire risk increased, and worsened ecological status), socio-economic uses (industrial uses, 

power production, short and long term agriculture and food security, market problems, tourism, 

water rights, and transport), and politics (armed conflicts, shared watersheds), and it can also 

be associated with other hazards such as extreme heat and wildfires (Bhuiyan, Singh, & Kogan, 

2006; FAO, 2016; Farrell, Trotman, & Cox, 2010; Network, 2007; Sandford, 1979; Schmidt & 

Karnieli, 2002; Dimitris Tigkas & Tsakiris, 2015; G Tsakiris et al., 2010; Wilhite, 2000; 

Wilhite & Buchanan-Smith, 2005) 

According to the European Drought Impact report Inventory (EDII) (Stahl et al., 2012)  a 

“drought impact” is a negative environmental, economic or social effect experienced under 

drought conditions. There are 15 impact categories with further division into impact subtypes 

such as agriculture and livestock farming, forestry, freshwater aquaculture and fisheries, energy 

and industry, waterborne transportation, tourism and recreation, public water supply, water 

quality, freshwater ecosystems, terrestrial ecosystems, soil system, wildfires, air quality, 
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human health and public safety, and conflicts. Examples of drought impacts are crop losses, 

reduced production of power plants, impaired navigability of streams, local water supply 

shortage, or increased mortality of aquatic species(S Bachmair, Kohn, & Stahl, 2015) 

Droughts represent the primary cause of most ill health and death due to a lack of access 

to adequate and clean water supplies. Droughts have significant socioeconomic and 

environmental impacts, both direct and indirect. In general, drought have a major impact on 

agriculture and related sectors, including forestry and fisheries, and it can lead to famines, 

internal displacement, natural resource degradation, weak economic performance, and can also 

exacerbate social tensions and fuel civil unrest (C. A Karavitis, 1999; Kostopoulou, 

Giannakopoulos, Krapsiti, & Karali, 2017; S. Vicente-Serrano et al., 2015; Sergio M Vicente-

Serrano, González-Hidalgo, de Luis, & Raventós, 2004). 

A drought event is gradual, and usually hits different regions of a country with varying 

levels of intensity and at different time periods. The variability of the precipitations is 

influenced by the combined effects of major atmospheric dynamics such as El Niño–southern 

oscillation (ENSO), global atmospheric composition, and local land effects (Li, Wang, & 

Babovic, 2018). Significant correlations are found between precipitation extremes and the three 

previous mentioned factors. Previous El Niño events in some parts of the Middle East and 

North Africa (MENA) region have led to flooding, with significant damage to infrastructure. 

In the year after previous El Niño events, dry conditions have led to drought, reduced water 

availability, and reduced crop productivity (Klingaman & Keat, 2018). During the El Niño 

phase, precipitation spells generally become drier (Li, Meshgi, & Babovic, 2016). 

 

3.3 Drought Indices 
To help manage these impacts, drought indicators are helpful to understand the onset of 

drought and its characteristics in terms of severity, duration, and direction (Deo & Şahin, 2015; 

Surendran, Kumar, Ramasubramoniam, & Raja, 2017; G. Tsakiris, Pangalou, & Vangelis, 

2007; Van Loon, 2015; Sergio M  Vicente-Serrano, 2006; Sergio M Vicente-Serrano, Beguería, 

& López-Moreno, 2010; Sergio M Vicente-Serrano & López-Moreno, 2005). Unfortunately, 

there is no single indicator or index that can precisely describe the onset and severity of a 

drought (Heim Jr, 2002; Keyantash & Dracup, 2002; Sergio M Vicente-Serrano, Beguería, 

López-Moreno, Angulo, & El Kenawy, 2010; Zambrano, Wardlow, Tadesse, Lillo-Saavedra, 

& Lagos, 2017).  

According to the IPCC (IPCC, 2013), the frequency, severity, and duration of droughts 

have increased over time. Drought, a devastating natural hazard, affects a significant proportion 
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of the global population, particularly those living in semiarid and arid regions. Climate change 

is indeed exacerbating drought in many parts of the world, and future projections suggest 

droughts will become more widespread, broadly consistent with expected changes in the 

hydrologic cycle under global warming (Sergio M Vicente-Serrano et al., 2014), (Aiguo  Dai, 

2011; Evans, 2009; Gonçalves, Barrera-Escoda, Guerreiro, Baldasano, & Cunillera, 2014). 

Based on the importance of drought monitoring and early warning in terms of enhancing 

the resilience and preparedness of countries and regions towards drought, drought 

characterization and vulnerability have been investigated repeatedly over the last decade to 

help ensure proper drought management and operational planning (Sophie Bachmair, 

Svensson, Hannaford, Barker, & Stahl, 2016). Researchers have developed various physical 

and statistical drought indices to map, monitor, and assess drought risks globally, however, 

there is no consensus on which indicator best represents drought impact occurrence for any 

given sector (Heim Jr, 2002; Mishra & Singh, 2010; D Tigkas, Vangelis, & Tsakiris, 2013; 

Dimitris Tigkas, Vangelis, & Tsakiris, 2016; Zargar et al., 2011) 

 

The Percent Normal Drought Index (PNDI), Precipitation Decile Index (PDI), 

Standardized Precipitation Index (SPI), Palmer Drought Severity Index (PDSI),Weighted 

Anomaly Standardized Precipitation (WASP), Palmer Hydrological Drought Index (PHDI), 

the Palmer Z-index (PZI), Standardized Water-level Index (SWI), Surface Water Supply Index 

(SWSI), Keetch-Byram Drought Index (KBDI), Normalized Difference Vegetation Index 

(NDVI), Vegetation Condition Index (VCI), Crop Moisture Index (CMI),Temperature 

Condition Index (TCI), Reclamation Drought Index (RDI) and Vegetation Health Index (VHI) 

are all common examples of well-developed drought indices (Caparrini & Manzella, 2009; 

Cutter, Boruff, & Shirley, 2003; Edwards, 1997; Gibbs & Maher, 1967; Gupta, Nair, & 

Nathawat, 2013; M. J. Hayes, 2006; Heim Jr, 2002; FN  Kogan, 1990; Felix  Kogan, 2002; 

Felix Kogan, Gitelson, Zakarin, Spivak, & Lebed, 2003; F. N. Kogan, 1995, 2001; Mendicino, 

Senatore, & Versace, 2008; Morid, Smakhtin, & Moghaddasi, 2006; Palmer, 1965; A. Singh, 

Nair, Gupta, Joshi, & Sehgal, 2013; R. P. Singh, Roy, & Kogan, 2003; Sullivan et al., 2006; 

Tucker, 1979; Wilhite & Buchanan-Smith, 2005; Willeke, Hosking, Wallis, & Guttman, 1994) 

The nature of the indicator, local conditions, data availability, and validity are the factors 

that usually determine which indicator is to be applied (Gupta et al., 2013; M. J. Hayes, 2006; 

Keyantash & Dracup, 2002; Morid et al., 2006). Therefore, the effectiveness of the drought 

indices in terms of reflecting actual status is questionable. However, several new approaches 

have generated multi-indices (combined drought measures) by incorporating additional 
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variables such as temperature to represent time-series changes and trends. Combined drought 

indices represent a new approach that may couple dry spells in local conditions to regional-

scale climate change conditions and their impacts. These combined indices consider as many 

drought attributes as possible, and they can thus be easily adapted to various monitoring 

purposes (Al-Faraj, Scholz, & Tigkas, 2014; Eriyagama, Smakhtin, & Gamage, 2009; Sehgal, 

Singh, Chaudhary, Jain, & Pathak, 2013; Shokoohi & Morovati, 2015; D Tigkas et al., 2013; 

Zarch, Sivakumar, & Sharma, 2015; Zongxue, Jinno, Kawamura, Takesaki, & Ito, 1998) 

One of the most commonly used combined drought indices was developed by Somalia 

Water and Land Information Management (SWALIM); this incorporates six drought-creating 

parameters: (1) rainfall deficits, (2) persistence of dryness, (3) temperature excesses, (4) 

persistence of high temperatures, (5) soil moisture deficits, and (6) persistence of dry soil 

conditions (Z. Balint, F. M. Mutua, & P. Muchiri, 2011). The SWALIM-CDI reflects the 

combined effects of three drought indices: The Precipitation Drought Index (PDI), the 

Temperature Drought Index (TDI), and the Vegetation Drought Index (VDI), which acts as a 

substitute for the Soil Moisture Drought Index on various timescale bases (10-day, month, 

season, year, or longer periods) and which can be used in data-scarce environments where there 

may be data gaps in the observed series. 

3.4 Previous Drought Studies at the Middle East 
 
(Mathbout, Lopez-Bustins, Martin-Vide, Bech, & Rodrigo, 2018) investigated the spatio-

temporal characteristics of drought phenomenon in Syria using the SPI and the standardized 

precipitation-evapotranspiration index (SPEI) for various time scales (3, 6, 9, 12, and 24 

months). Based on SPEI results for the investigated period between 1961 to 2012, the authors 

concluded that the temporal and spatial characteristics of the SPI and SPEI could be used for 

developing a drought intensity—areal extent—and frequency curve that assesses the variability 

of regional droughts in Syria.  

Several studies have indicated that most arid and semiarid lands in the Middle East are 

highly sensitive to periodic climate change and are considered to be some of the driest areas of 

the world, suffering from considerable levels of water scarcity (Black, 2009; Evans, 2009; 

Piero Lionello, 2012). Middle Eastern countries are subjected to severe droughts that affect the 

development of these countries across many aspects and sectors (P.  Lionello, Malanotte-

Rizzoli, & Boscolo, 2006; Mahfouz, Mitri, Jazi, & Karam, 2016; Turco, Levin, Tessler, & 

Saaroni, 2017). ACSAD (ACSAD, 2011) classified the 1998–2001 drought across this region 

was the worst in the last 50 years, affecting millions of people. 
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In Jordan, the challenge is to provide sustainable livelihoods for the population as a whole, 

and particularly for those living in the fragile arid and semiarid ecosystems, where they often 

face water scarcity, made worse in times of drought, as well as land degradation and 

desertification. Climate change is also playing a vital role in placing additional constraints on 

fragile ecosystems and limited natural resources. In recent years, Jordan has witnessed a 

significant increase in the natural, human, and economic impacts of water shortage, which 

resulted from fluctuations in, and a shortage of, precipitation. In the last three decades, in 

particular, drought episodes have resulted in severe social crises in Jordan, receiving broad 

attention from senior decision-makers, as well as the scientific and governing communities 

(UN, 2013) 

An increasing frequency and severity characterize droughts in Jordan over time (S. Gilbert, 

2017; Hammouri & El-Naqa, 2007; Sada, Abu-Allaban, & Al-Malabeh, 2015). Drought 

frequency is increasing in Jordan, with almost twice as many droughts between 1961–2012 as 

between 1900–1960. This trend, coupled with future climate predictions that show an increase 

in maximum temperatures and a decrease in winter precipitation, emphasize that water scarcity 

is likely to become an even greater concern for future generations (S. Gilbert, 2017; T Törnros 

& Menzel, 2014). Jordan experiences recurring periods of drought. The most recent drought 

period, 1998–2001, resulted in severe economic, environmental, and social losses. Drought 

impact information is a critical requirement for the conduct of vulnerability assessments for 

various sectors (MoEnv, 2014a). Impacts of drought in Jordan can be severe. About 70% of 

the camel population died as a results of droughts during the period between 1958–1962, and 

around 30% of the sheep died or were slaughtered prematurely in the 1997 drought. In addition, 

there were 99% drop in the cereal harvest as a result of the severe drought at 1999 drought that 

led to a 60% reduction in the production of red meat and milk (MoEnv, 2014a). Recent droughts 

in Jordan, including the intense 2013–2014 drought, illustrate the complex nature of drought 

impacts on hydrological, agricultural, social, economic, and ecological systems. 

The drought season in Jordan tends to be from January through March. Over time, the 

effects of drought tend to move from the southern desert to those in the north, and from the 

eastern desert to the highlands and the Jordan Rift Valley (JRV) in the west (Mohammed I. Al-

Qinna, Nezar A. Hammouri, Mutewekil M. Obeidat, & Fayez Y. Ahmad, 2011). For the past 

35 years, droughts in Jordan have occurred in a frequent, no uniform, and irregularly repetitive 

manner. Drought severity, magnitudes, and life span have all increased over time from 

previously normal levels to new extremes, especially in the last decade when some of them 

reached SPI levels of over 4. 
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3.5 Drought Management in Jordan 
Drought cannot be stopped, but due to the growing availability of technological 

innovations, it can be forecasted—in some cases, up to a month in advance. Likewise, when 

appropriate policy instruments are in place, the impacts of drought can be substantially 

mitigated and reduced. Experience shows that proactive and risk-based management 

approaches are effective in enhancing the resilience of communities and their capacity to cope 

with drought. However, despite the progress made, drought management and planning is often 

overlooked until a crisis unfolds. This reactive, crisis-led response gives rise to a fragmented 

policy space where interventions differ across sectors, tend not to be “joined up,” and therefore, 

drought mitigation strategies tend to underperform. (FAO, 2017; UN, 2013). In order to avoid 

such failures and to reduce the costs caused by drought, drought characterization should be the 

basis for implementing effective drought monitoring and developing an early warning system, 

which is a critical component of a national drought management policy. 

The efforts so far made by the Jordanian government are not enough to address serious 

drought consequences, though they do recognize the urgent need to develop an appropriate 

strategy and action plan for drought preparedness and mitigation, particularly for the 

agricultural sector. Jordan needs to implement a holistic approach of integrated drought 

management based on a proactive and preventive risk management approach, rather than the 

ad hoc approach of crisis management, in order to reduce the impact of droughts.  

A drought management strategy, supported by a sound policy framework, should be 

designed to deliver practical, timely, and coordinated actions on the ground from all designated 

public and private institutions. This requires decision-makers, stakeholders, and the public at 

large to have timely information from drought monitoring and early warning systems which 

urgently need to be developed and implemented now. The strategic plan will be based on the 

development of an effective impact assessment procedure, proactive risk management 

measures, preparedness plans to increase coping capabilities, and effective emergency response 

programs to reduce the impact of a drought.  

In addition to issues with water governance in the form of lax enforcement of rules and 

regulations, a lack of equity and transparency has resulted in continuous mining of renewable 

groundwater resources. The groundwater extraction rates are currently at 50% over safe yields, 

which imposes more groundwater salinity, reduction in groundwater table levels, and increase 

in pumping costs (Salman & Al-Karablieh, 2004). Efficient management of scarce water 

resources is thus an existential necessity (Bank, 2016), critical to the livelihoods and well-being 

of Jordan's people and essential to the country's lasting stability. Without securing its water 
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assets, Jordan risks imminent economic slowdowns, health hazards, social disruptions, and 

serious conflicts over water resources (Al-Karablieh & Salman, 2016); (MWI, 2018) (MWI, 

2016a). 

In the last millennium, no special legislation dealing with drought was implemented, as it 

was not classified as a disaster; thus, only ad-hoc interventions were implemented as actions 

after the occurrence of the event. Drought management in Jordan still lacks proactivity, apart 

from that directed primarily for relief, and it also lacks coordination, being managed by 

multiple different departments within the relevant institutions (MWI, 2018). For example, the 

Ministry of Agriculture (MOA) established an Agriculture Risk Management Fund (ARMF) 

in 2009 to provide feed subsidies for those who have impacted drought and initiated restocking 

programs that focused on providing supplementary feeds to safeguard livestock(MoA, 2009). 

Similarly, the Ministry of Water and Irrigation (MWI) established several strategies, such as 

the National Water Strategy (2016-2025) (MWI, 2016c) and implemented climate change 

policies to encourage a resilient water sector (MWI, 2016a) in which drought could be handled 

through not only in terms of supply augmentation and management, including rationing of 

water services, but also concerning demand management measures and the adoption of a public 

information policies. Despite all of these measures, however, the predicted scarcity problem 

remains a major challenge for water managers and the country at large (MWI, 2016a, 2016b). 

In 2018, the MWI released the Water Sector Policy for Drought Management Strategy 

(MWI, 2018) to establish a drought early warning unit to provide a monitoring system (MWI, 

2018). This outlined the measures required to achieve long-term national goals for water 

security, driven by outcomes-based on previously adopted strategies, policies, and plans 

updated based on results, which are now an integral part of the overall management efforts. 

Recently, drought was included as a national crisis by the Jordanian National Center for 

Security and Crisis Management (NCSCM), established in 2015. The NCSCM’s duties include 

coordinating and unifying all efforts made by national institutions to enable them to face 

national crises in various forms to help achieve more strategic adjustment processes and secure 

a stable and secure national environment. The NCSCM aims to achieve its mission by 

harnessing the national potential and unifying the efforts of relevant national institutions in 

order to achieve professionalism in both preparation for and response to national crises, both 

natural and man-made, reducing effort, time, costs, and possible losses (NCSCM, 2015). In 

2017, the Government of Jordan thus delegated the responsibility for establishing and 

institutionalising the national disaster risk reduction (DRR) platform to the NCSCM. 
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Drought is a pervasive natural disaster that causes severe environmental, economic, health, 

and societal impacts. Jordan has witnessed several droughts, along with recurring summer heat 

waves. That threatens the surface and groundwater resources in Jordan. Therefore, it is vital to 

develop adaptation planning based on vulnerability mapping that takes into account prolonged 

weather events such as drought, and this need justifies this research. One of the aims of this 

study is to generate a drought vulnerability map for the Jordanian groundwater system based 

on an assessment of the climatic exposure, groundwater basins sensitivity and actual adaptive 

capacity at the district level, and also to propose adaption measures based on groundwater 

drought-vulnerability analysis to improve the country’s preparedness for likely future droughts. 

3.6 Jordan’s Water Scarcity 
Water scarcity is the main constrain that limits Jordan's progress towards achieving 

sustainable development; the current scarcity significantly impacts all other sectors, especially 

agriculture (MWI, 2017b). With its dry climatic conditions with limited water resources, Jordan 

is forecast to be the first inhabited country in the world to “run out” of water (Allan, 2002). 

The annual per capita water availability had declined to less than 100 m3/year by 2017 due to 

rapid population growth and the impact of refugee surges and migrations. This pressure on 

local water is exacerbated by the observed and projected adverse impacts of climate change 

and global warming, with water sources being projected to decline by at least 20% by 2100 

(Agoumi, 2001; MoEnv, 2013).  

Jordan’s water scarcity is ranked the second-worst in the world, and it is a significant well-

documented problem that has been exacerbated by increasing demand due to high population 

growth, several fluxes of refugees, increasing economic development needs, increasing 

frequency and severity of drought events, and climate change (MoEnv, 2014b). Jordan’s 

population increased from 6.1 million in 2010 to around 10.3 million in the middle of 2018 

(DOS, 2018). Despite a lower local growth rate of 2.2%, the huge increase in population 

continues, being attributable in the main to sudden influxes of refugees from other countries, 

mainly Iraq and Syria, a process which creates enormous pressure on already scarce and 

depleted water resources (Al-Karablieh & Salman, 2016; Al-Shibli, Maher, & Thompson, 

2017).  

Although the country has developed many water reservoirs including desert dams, ponds 

and desert excavations with a total capacity of 90.3 million m3, as well as adopting various 

programmes for rationalising water use at all sectors, the available water is still not sufficient 

to compensate for the high water demand, which reached 1008.8 million m3 in 2015 (MWI, 

2017a).  
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Despite Government efforts to manage the country’s limited water resources and a 

relentless search for alternative supplies, the available water resources per capita fell from 500 

m3 in the 1975 to less than 100 m3 in 2017 (Arsenault, 2017; MWI, 2016b, 2016c, 2016d, 

2017b; USAID, 2018). Among all climatic risks, drought is the most threatening in the long 

term, as it represents a gradual natural hazard that has significant direct and indirect socio-

economic and environmental impacts on all residents in a region (Aladaileh, Al Qinna, Karoly, 

Al-Karablieh, & Rakonczai, 2019; Liamas & Custodio, 2003; Sivakumar, 2005). Several 

studies have highlighted the severity and impact of water stress in Jordan as being caused by 

climate change impacts (Abdulla & Al Omari, 2008; Abdulla & Eshtawi, 2015; Al Qatarneh, 

Al-Smadi, & Shatanawi, 2018; El-Naqa & Al-Shayeb, 2009; Margane et al., 2004; MoEnv, 

2014b). Among the effects noted have been a 70% loss in camel population, around a 70% 

reduction in cereal harvests, more than 200 springs becoming dry, and drops in groundwater 

level at a rate of around 2 meters per year, though in some highly depleted areas, the reduction 

can reach 5 to 20 meters per year, decreasing the magnitude of base flow and flood flow in the 

main wadis (valleys) and reducing the main dams’ storage to around half of capacity in the last 

20 years. These impacts have led to increases in food imports, food insecurity, increases in 

desertification trends, frequent deterioration of land productivity, increases in health problems, 

increased migration from rural areas, reduction in investments, and even increased 

unemployment (Abu-Allaban, El-Naqa, Jaber, & Hammouri, 2015; Al-Tabbal & Al-Zboon, 

2012; Battikhi, 2013; Mohammad, Almomani, & Alhejoj, 2015; Nairizi, 2017) 

A series of studies have indicated that the Jordan surface and groundwater basins are likely 

to experience more severe drought in the period 2031 to 2060 than in the period 1961 to 1990, 

with the expectation of increased severity of droughts, more frequent droughts and moderate 

droughts becoming severe droughts(Al-Adamat, Foster, & Baban, 2003; Al-Mashagbah & Al-

Farajat, 2013; Rahman, Gorelick, Dennedy-Frank, Yoon, & Rajaratnam, 2015; T. Törnros & 

Menzel, 2013). Successive droughts have occurred at least three times over the past 40 years, 

and the rate at which these occur is expected to increase every 20 to 25 years, with a regular 

average drought of 3 years and a severe drought every 6 to 7 years. These increases in droughts 

and further negative climate change effects in Jordan are thus expected to further decrease 

water availability by 15-20% (Abu Hajar, Murad Yasmin, Shatanawi, Al-Smadi, & Abu Hajar, 

2019; M. I. Al-Qinna, N. A. Hammouri, M. M. Obeidat, & F. Y. Ahmad, 2011; El-Naser, 2014; 

Goode, Senior, Subah, & Ayman, 2013; Rajsekhar & Gorelick, 2017). 
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3.7 Water Status and Management in Jordan 

The water sector is regulated by the Ministry of Water and Irrigation By-Law No. 14 

(2014); Water Authority of Jordan Law No. 18 (1988) and its amendments; and Jordan Valley 

Authority By-Law No. 30 (2001). Other relevant laws include Public Health Law No. 47 

(2008), Environmental Protection Law No. 85 (2006), and Groundwater By-law No. 85 (2002) 

and its amendments. The amendments to By-law No. 14 (2014) are the instrument by which 

MWI assumes policy and strategic leadership of the water sector(Al-Karablieh & Salman, 

2016; Molle, Al Karablieh, Al Naber, Closas, & Salman, 2017).  

Jordan’s renewable water resources are limited and insufficient to national demand. Jordan 

has just 15 surface water basins and 12 groundwater basins, with about 40% of total water 

resources being shared water with Saudi Arabia, Syria and Israel (Figure 1). 

The quantity of renewable water resources available for different purposes is around 853 

MCM annually. Yet, the total amount used for all sectors was 1,053.6 MCM for 2017, while 

the estimated water demand quantity for all sectors now is 1,412 MCM. The Government has 

tried to compensate for the difference between water demand and supply by providing 

implementing all possible techniques to collect rainwater and reuse unconventional water as 

much as possible(Wolff, Al-Karablieh, Al-Assa'd, Subah, & Salman, 2012). Currently, there 

are 12 dams with 335.3 MCM total capacity; however, their storage was only 227 MCM for 

2017. Besides, 361 desert dams, earth and concrete ponds, have been designed to hold 111.7 

MCM, and the government has constructed 34 wastewater treatment plants with a total capacity 

of 0.639 MCM/day (MWI, 2017c) 

The tremendous need for water in all sectors is being met by groundwater exploitation 

above the safe yield, which is imposing groundwater depletion beyond recharge rates along 

with quality deterioration. Deficits in groundwater are clear at all basins, with the groundwater 

levels in the main aquifers dropping at a rate of 2 meters per year; however, the decline in some 

depleted areas has reached as high as 20 meters (Figure 1). It is important to note that the 

number of working wells in Jordan exceeds 3,200, yet many further illegal wells are being 

drilled every year, with the estimates for non-revenue water reaching as high as 48% for 2017. 

4 Objectives of the Study  

A drought management strategy, supported by a sound policy framework, should be 

designed to deliver effective, timely, and coordinated actions on the ground from all designated 
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public and private institutions. This requires decision-makers, stakeholders, and the public at 

large to have timely information from drought monitoring and early warning systems which 

urgently need to be developed and implemented now. The strategic plan will be based on the 

development of an effective impact assessment procedure, proactive risk management 

measures, preparedness plans to increase coping capabilities, and effective emergency response 

programs to reduce the impact of a drought. 

Due to the complexity of defining drought objectively, a great number of indicators and 

indices for monitoring drought have been proposed in relevant literature. Although a large 

number of indices has been introduced by numerous authors, many of them have limited 

applicability, as it is rather difficult to both calculate and interpret them, and they do not provide 

important localspecific drought information.  

 

Figure 1. Groundwater spatial map and status in Jordan for the year 2017 

Source: modified after (MWI, 2017b) 
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Considering all the above, the main aims of this PhD dissertation were the following: 

1. Investigate the presence of spatial and temporal drought trends in Jordan through various 

drought indices using long-term historical precipitation and temperature records. 

2. Evaluate the use of a combined drought index as an application monitoring processes to 

characterize droughts in Jordan. 

3. Generate a drought vulnerability map for the Jordanian groundwater system based on 

an assessment of the climatic exposure, groundwater basins sensitivity and actual 

adaptive capacity at the district level. 

4. Propose set of adaption measures based on groundwater sector impact chain analysis to 

improve the country’s drought preparedness for likely future.  

The main hypothesis of this study is that there is a potential of some drought indicators to 

represent the historical Jordan drought conditions and are applicable to be used for further 

vulnerability analysis. However, their capability and specifications are unknown and to be 

defined. The main hypothesis is that drought conditions in Jordan cannot be monitored by one 

indicator, thus a combined drought index should be developed to mitigate the occurrence of a 

drought. Testing the hypothesis was achieved by the following: 

1 – Assessment of drought characterizations using historical data; 

2 – Comparison of the patterns of different drought indicators with Jordanian conditions; 

3 – Validating the effectiveness of a combined drought index to represent one actual 

response (impact on Jordanian rainfed crop production); 

4 – Implementing the developed combined drought index to assess other responses (e.g. 

ground water vulnerability) 

5 Material and Methods  

5.1 Study Area 
Jordan is one of the developing countries in the Middle East, located about 80 kilometres 

east of the Mediterranean Sea between 29°11' to 33°22' North, and 34°19' to 39°18' East. Jordan 

exhibits various meso-climate conditions caused by altitude variability that ranges from 420m 

bmls (Dead Sea) to 1750m amls in the southern highlands. Thus, the climate varies from dry 

sub-humid Mediterranean in the northwest of the country to desert conditions at the majority 

of the east (DOS, 2017). For this reason, Jordan was divided into three physiographic regions 

for the purposes of this study:  

1. The highlands that comprise mountainous and hilly regions that receive the largest 

rainfall, and occasionally snow. 
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2. The Jordan Rift Valley (JRV), located west of the highlands, which is rich in water 

resources, making it fertile and thus primarily used for intensive agricultural practices.  

3. The desert, which occupies about 90% of the total area of the country and is distributed 

in the northern, central, and eastern regions (Figure 2). 

Potential evapotranspiration typically exceeds rainfall. Approximately 92% of rainfall 

evaporates, while only 5.4% recharges the groundwater and the remaining 2.4% becomes 

surface water(Salameh & Bannayan, 1993). The country can be classified into three main 

physiographical regions: the Jordan Rift Valley, the Highlands, and the Desert lands (Badia), 

which vary in elevation from 1,854 m above mean sea level (amsl) at the Um Dami Mountain 

to 417 meters below mean sea level at the Dead Sea (GLOWA, 2013). The Lowlands, a part 

of the great JRV, extend from the north-western part of the country towards the southwestern 

corner, with elevations ranging from 197 m below msl in the north to 417 below msl at the 

Dead Sea. The Highlands and Marginal Steppes region extends north-south to the east of the 

JRV, stretching from the Yarmouk River in the north to Ras El‐Naqab in the south. The 

mountains peaks’ elevations vary from 1,150 m amsl in Ras Muneef to 1365 m amsl at Al–

Shoubak, and the height exceeds 1,500 m at El‐Qurain. The Desert lands extend north-south 

from the eastward foot of the Highlands, with elevations ranging from 600 to 750 m amsl. 

Jordan ratified the United Nations Framework Convention on Climate Change in 1993 and 

the Kyoto Protocol in 2003. Analysis of historical data associated with the climate state in 

Jordan as published in the third national communication report showed that there has been a 

decline in precipitation at a rate of 1.2 mm per year, as well as increases in temperature of an 

average of 0.02 degrees Celsius annually (MoEnv, 2016). 

 

5.2 Historical Rainfall Data 
Rainfall data for 29 meteorological stations covering the whole country (Figure 2) were 

obtained from the Jordan Meteorological Department (JMD) for 38 years (1979/1980 to 

2016/2017). The rainfall data were obtained on daily basis, and converted to monthly basis and 

annual basis. The characteristics of the long-term historical mean annual rainfall data for all 

meteorological stations is presented in Table 1. 
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Figure 2. Hashemite Kingdom of Jordan as a study area  

The preliminary statistical analyses included measures of central tendency (mean and 

median), dispersion (standard To characterize and search for monthly rainfall extremes, 

preliminary statistical analysis was performed for each meteorological station using the 

distribution platform within the JMP statistical software (JMP, 2011). deviation and coefficient 

of variation1), and distribution (skewness and kurtosis 2).  

 

                                                             
1 The coefficient of variation (CV) is a statistical measure of the dispersion of data points in a data series around 
the mean. The coefficient of variation represents the ratio of the standard deviation to the mean, and it is a useful 
statistic for comparing the degree of variation from one data series to another, even if the means are drastically 
different from one another 
2 Skewness is a measure of symmetry, or more precisely, the lack of symmetry. A distribution, or data set, is 
symmetric if it looks the same to the left and right of the center point. Kurtosis is a measure of whether the data 
are heavy-tailed or light-tailed relative to a normal distribution 
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Table 1. Statistical summary for annual rainfall data per station.  

No. Station Name 
Altitude 

(m) 
Mean 
(mm) 

SD 
(mm) 

Min 
(mm) 

Max 
(mm) 

CV* 
(%) 

Skewn
ess 

Kurtos
is 

1 Baqura −170 392.4 133.3 174.3 918.3 34.0 1.86 5.76 
2 DeirAlla 330 282.3 93.1 117.0 599.0 33.0 1.30 2.73 
3 Ghor Safi −350 72.4 28.6 18.3 151.8 39.5 0.30 0.21 
4 Irbid 616 459.6 144.6 216.8 912.9 31.5 1.52 3.20 
5 Rabba 920 337.3 103.3 138.0 606.0 30.6 0.39 0.65 
6 Shoubek 1365 251.6 97.4 95.0 482.0 38.7 0.72 0.23 
7 Tafieleh 1200 203.8 61.5 85.0 358.0 30.2 0.68 0.26 
8 Salt 796 550.1 166.8 246.0 1130. 30.3 1.40 3.25 
9 Aqaba 51 25.6 21.4 1.0 86.0 83.7 1.05 0.38 

10 RasMunief 1150 463.9 142.9 217.0 913.0 30.8 1.50 3.29 
11 Amman Airport 790 254.2 88.2 111.0 548.0 34.7 1.67 3.60 
12 Mafreq 686 154.8 54.3 65.0 301.0 35.1 0.93 0.98 
13 Safawi H5 674 70.1 32.0 16.0 158.0 45.6 0.70 0.53 
14 Queen AIA 722 155.9 51.7 56.0 326.0 33.2 1.05 2.68 
15 Maan 1069 41.2 24.5 12.0 108.0 59.5 1.17 1.29 
16 Al-Jafer 865 31.4 25.7 1.0 135.0 82.0 2.09 6.14 
17 Zarqa 664 129.5 45.3 48.0 258.0 34.9 1.14 1.68 
18 WadiDhuleil 575 141.0 49.3 54.5 276.0 35.0 1.04 0.94 
19 Qatraneh 730 97.3 31.1 25.0 156.0 31.9 −0.25 0.56 
20 Azraq South 610 54.0 30.5 9.0 149.0 56.5 0.90 0.93 
21 Reweished H4 683 81.2 36.7 16.0 168.0 45.3 0.09 0.14 
22 WadiErRayyan −200 308.5 107.0 132.0 708.0 34.7 1.65 4.39 
23 Sweileh 1050 468.6 180.1 212.6 1253 38.4 2.39 9.23 
24 Maddaba 758 307.6 123.1 55.9 755.5 40.0 1.10 3.70 
25 Ramtha 590 209.1 90.8 25.9 453.9 43.4 0.63 0.70 
26 DierAbi Said −224 461.2 149.1 234.0 942.6 32.3 1.42 3.33 
27 South Shuna −211 165.5 53.7 57.9 341.4 32.4 0.88 2.27 

28 
University of 
Jordan 

992 486.9 161.2 225.3 1158 33.1 2.05 6.97 

29 Jerash 585 364.5 115.9 189.5 696.7 31.8 1.10 1.37 
* CV: Coefficient of variation. 

In linear regression analysis, the correlation coefficient (r), coefficient of determination 

(R2), root mean square error, and p-value, as obtained from analysis of variance (ANOVA), is 

used to determine the significance of the linear trend. Trends are described in a linear equation 

where both intercept and slope have significant meanings (JMP, 2011).  

The Mann–Kendall test is a nonparametric statistical test used for indicating trends in data 

(Coulibaly & Shi, 2005; R. O. Gilbert, 1987; Kendall, 1975; Mann, 1945). The acceptance or 

rejection of the main hypothesis (H0: There exists a trend in the data) at a certain probability 

level (α) is based on the calculation of Kendall's tau (τ) that measures the association between 

two ordinal variables (Yue, Pilon, & Cavadias, 2002). Kendall's tau (τ) ranges from −1.0 to 

1.0, where a positive value indicates that the rankings of both variables increase together. A 

negative value, on the other hand, indicates that, as the rank of one variable increases, the other 
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decreases. If the two variables are independent, then the Kendall’s tau is expected to be 

approximately zero (Abdi, 2007; DeGaetano, 1996; Nelsen, 2001; Sneyers, 1990). 

In addition, data normaility was tested using JMP statistical software (JMP, 2012) based 

on Goodness of Fit test. The empirical distribution function (e.g. gamma distribution function) 

is tested using Cramer-von Mises W test (Cramér, 1928; von Mises, 1928; Anderson, 1962). 

5.3 Standardized Precipitation Index (SPI) 
In 2009, WMO recommended SPI as the main meteorological drought index that 

countries should use to monitor and follow drought conditions (M. Hayes, Svoboda, Wall, & 

Widhalm, 2011). By identifying SPI as an index for broad use, WMO provided direction for 

countries trying to establish a level of drought early warning (WMO & GWP, 2016). Using a 

single SPI value may not be the best option in all situations and does not represent conditions 

that may carry over from season to season. However, SPI is deficient when accounting for the 

temperature component, which is important to the overall water balance and water use of a 

region. This drawback can make it more difficult to compare events of similar SPI values but 

different temperature scenarios 

 
5.3.1 Calculating Standardized Precipitation Index (SPI) 

Drought indices calculator (DrinC) version 1.5.73 was used to calculate meteorological 

SPI (Dimitris Tigkas, Vangelis, & Tsakiris, 2015). Prior to calculating this, the long-term 

monthly rainfall records were initially normalized using the gamma distribution function 

within the DrinC software. 

The SPI was calculated in line with McKee et al. (McKee, Doesken, & Kleist, 1995)] 

through which the standardized precipitation is derived by dividing the difference between the 

normalized seasonal precipitation and its long-term seasonal precipitation mean by the standard 

deviation (Equation (1)): 

SPI =          (1) 

where 𝑥  is the seasonal precipitation at ith rain gauge station and jth observation period, where 

𝑥  is the long-term seasonal mean (i.e. 30 years of records), and where σ is its standard 

deviation. The length of “season” or observation period can be chosen from 1 month to a year. 

According to McKee et al. (McKee et al., 1995), a drought event occurs any time the SPI 

is continuously negative and reaches an intensity of −1.0 or less. The event ends when the SPI 

becomes positive. Drought severity is divided into seven classes in this study: Extremely wet 

(SPI > 2), very wet (1.5 to 1.99), moderately wet (1.0 to 1.49), near normal (−0.99 to 0.99), 
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moderate drought (−1.49 to −1), severe drought (−1.99 to −1.5), and extreme drought (SPI < 

−2).  

The data used for analysis were obtained from the Jordan Meteorological Department 

consisted of monthly rainfall amounts for the hydrological year (rain season) in which rainfall 

starts in October and increases to reach its peak in the winter months (December, January, and 

February), then decreases gradually to vanish in May in the next year. 

In this study, the SPI was calculated on an annual (SPI12), 6-months (SPI6), and 3-months 

(SPI3) basis. The two SPI6 values for any given year are classified as SPI6W for the wet period 

from October to March, and SPI6D for the dry period from April to September. Similarly, the 

four SPI3 were classified as SPI3JFM, SPI3AMJ, SPI3JAS, and SPI3OCD, months (January to March), 

spring months (April to June), autumn months (July to September), and winter months (October 

to December), respectively.  

At each level, every drought event had a duration (beginning to end), and an intensity for 

each month that the event continues. The positive sum of the SPI’s for all months within a 

drought event was then termed as the drought’s magnitude. 

5.3.2 SPI Areal Investigation 
In order to investigate the areal extent of droughts in Jordan, SPI values of all 29 

meteorological stations in Jordan were interpolated for the period from 1980 to 2017 using an 

ordinary kriging interpolation technique via a geostatistical tool within the ArcGIS package 

(ESRI, 2006). The krig investigation was performed in four steps. The first step involved the 

determination of the types of distribution. The second step dealt with the characterization of 

spatial distribution that involved computation of semivariance clouds in all directions using 

Equation (2) and tested for isotropy (Selker, McCord, & Keller, 1999). 
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( ) ( ( ) ( )

2 ( )

N h

i

h Z x Z x h
N h




         (2) 

where, 𝛾(ℎ) is the semivariance, 𝑍(𝑥) the regionalized variable, and N(h) the number of pairs 

of sample data taken a distance h. 

The third step was modelling through the selection and construction of the best empirical 

fit to represent the actual SPI spatial variations. There are several theoretical semivariogram 

models from which to choose (e.g., linear, spherical, Gaussian, exponential, etc.), and the 

selection was based on both a cross-validation test and the smallest nugget value (Goovaerts, 

1997; H. D. Scott, 2000). Within this step, the final variogram model was characterized by its 

three major components: (1) Distance of independency (major and minor ranges), (2) sill, 

which represents the ordinary sample variance, and (3) nugget representing the measurement 
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error due to micro-regionalization. It is worth mentioning, as reported by (Lovejoy, Schertzer, 

& Ladoy, 1986), the measuring stations of most in situ geophysical networks are spatially 

distributed in a highly inhomogeneous manner, being mainly concentrated on continents and 

population centres, leads to biases in geophysical statistics, serious difficulties in interpolating 

measurements to a uniform grid.  

The fourth step involved the generation of prediction maps for SPI values at unknown 

locations using the point kriging technique of simple linear weighted-interpolation scheme, or 

ordinary kriging. The ordinary kriging technique assumes a constant unknown mean, where 

the value at the unsampled point can be predicted by a linear weighting of the variation between 

the surrounding points derived from variogram analyses (Equation (3) and (4)). 

 0 0( )Z X X  
        (3) 

0( ) ( ) ,  1i i iZ X x           (4) 

where, 𝜇 is an unknown constant and 𝜀(𝑥 ) is the error associated to an unknown location 𝑥 , 

𝑍(𝑥 ) is the estimated value of 𝑍 at 𝑥  and 𝜆  is the weight that give the best possible estimation 

from the surrounding points. 

5.3.3 SPI Cluster Analysis 
Multilinear regression analysis were used to investigate the temporal changes of drought 

in Jordan, where both time and location were included as independent variables to predict the 

SPI12 as a response. The significant effect of each independent variable was estimated from the 

parameter test using both ANOVA and t-test. 

In order to group the spatial drought pattern based on the SPI data, hierarchical clustering 

using Ward's method joins clusters was used to maximize the likelihood at each level of the 

hierarchy under the assumptions of multivariate normal mixtures, spherical covariance 

matrices, and equal sampling probabilities. The clustering was achieved using JMP statistical 

software. 

In Ward's minimum variance method, the distance between two clusters is the ANOVA 

sum of squares between the two clusters added up over all the variables (JMP, 2011). At each 

generation, the within-cluster sum of squares is minimized over all partitions obtainable by 

merging two clusters from the previous generation (Milligan, 1980). 

5.4 Combined Drought Index (CDI) 
Drought is defined in this study as a combination of the following: (a) a precipitation 

component, which is considered rainfall deficits and dryness persistence, (b) some vegetation 

components, which is used as a proxy for soil moistures deficit and which consider NDVI 
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deficits persistence and (c) a temperatures component, which considers temperature excesses 

and persistence of high temperature. 

5.4.1  Calculation of PDI, TDI and VDI 
The drought index calculated using the precipitation components is referred in this study 

as Precipitation Drought Index (PDI). While the index based on temperatures is named as 

Temperature Drought Index (TDI) and that based on vegetation component is named as 

Vegetation Drought Index (VDI). The drought index that combines the three components is 

named Combined Drought Index (CDI).  

Based on that consideration, the PDI, TDI, and VDI were calculated for 21 meteorological 

stations out of 29 metrological stations due to the complete data set of time series, and the 

remains 8 metrological station suffer from lack of some data observations. Based on Balint, 

Mutua et al. (2011), the following equations for base investigation periods of 1, 2, 3, 6, and 12-

month intervals: 
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where P* is the modified monthly precipitation amount, T* is the modified monthly 

temperature, NDVI* is the modified monthly average Normalized Difference Vegetation 

index, IP is the interest period (1, 2, 3, 6, and 12 months), RL(P) (run-length) is the maximum 

number of successive months below long-term average rainfall in the interest period, RL(T) is 

the maximum number of successive months above long term average temperature, RL (NDVI) 

is the maximum number of successive months below long-term average NDVI in the IP, n is 

the number of years with relevant data, j is a summation running parameter covering the IP, 

and k is the summation parameter covering the years for which relevant data are available. 
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The modified temperature, modified NDVI, and modified rainfall data were obtained using 

equations (8, 9, 10, and 11) to avoid dividing by zero in certain cases, as rainfall in Jordan is 

mostly characterized by a distinct long dry season; this also helped to unify the ranges of the 

drought index values:  

𝑇∗ = (𝑇 + 1) − 𝑇       (8) 

𝑅𝐿∗ = (𝑅𝐿 + 1) − 𝑅𝐿      (9) 

𝑁𝐷𝑉𝐼∗ = 𝑁𝐷𝑉𝐼 − (𝑁𝐷𝑉𝐼 − 0.01)    (10) 

𝑃∗ = (𝑃 + 1)        (11) 

where P, T, and NDVI are the original precipitation, temperature, and NDVI values and RL is 

the original run-length. 

Normalized Difference Vegetation Index (NDVI) values were computed according to 

Kogan (FN  Kogan, 1990; F. N. Kogan, 2001) using the ratio of responses in the near infrared 

(NIR) and visible red portion of the spectrum (R) bands of the Advanced Very High Resolution 

Radiometer (AVHRR) at the National Oceanic and Atmospheric Administration (NOAA), as 

represented in equation (12).  

RNIR

RNIR
NDVI




        (12) 

The NDVI data was provided by Global Inventory Modeling and Mapping Studies 

(GIMMS) downloaded from the University of Maryland Global Land Cover Facility Data 

Distribution centre (http://glcf.umiacs.umd.edu/data/gimms/). The composite has a spatial 

resolution of 8 km and a receptivity cycle of 15 days. Jordan was found as part of the 

continental file for Africa (AF), with an image size of 2000 x 1250 cells. 

Daily rainfall and air temperature data for 21 meteorological stations were obtained from 

the Jordan Meteorological Department (JMD). This climatic data represents long-term records 

from 1980 to 2017. The characteristics of the meteorological stations are presented in Table 2.  

5.4.2 Calculation of the Combined Drought Index (CDI) 

The combined drought index was computed as a weighted average, as in equation (13), 

from the precipitation, temperature and soil moisture drought indices. Weights were assigned 

at 50% weight for PDI and 25% weight each for TDI and VDI, as recommended by (Z. Balint, 

F. Mutua, & P. Muchiri, 2011). 

   (13) 

where w is the weight of the individual drought index (in order 0.5; 0.25; 0.25). 
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A CDI of 1.0 thus represents average weather conditions; if the CDI is greater than 1.0, 

this represents wetter than average conditions, and if it is below 1.0, this represents dryer than 

average conditions. Five drought categories were adopted in this study, as presented in Table 

3. 

5.4.3. Spatial and statistical Interpolations 
A simple Krig interpolation technique was used to interpolate the spatial extent of each of 

four drought indices using the Geostatistical tool within the ArcGIS package (ESRI, 2006). To 

compare the four generated drought types, drought years were selected that highlighted local 

and national variability. Also, a correlation analysis was made between the four drought indices 

to develop an understanding of the relationship between drought coincidence spatial impacts 

on barley production in Jordan. The necessary barley yields were thus obtained from the 

department of statistics as a governorate average (DOS, 2017) 

𝑟 =
∑( ̅)( )

∑( ̅) ( )
.      (14) 

 

Table 2. Statistical Summary of Annual Precipitation and Mean Air Temperature Data by 
Station 

No Station Name 
Altitude 

(m) 

Precipitation (mm) Temperature (C) 

Mean Annual Min Max Max Min Mean 

1 Baqura -170 392.4 174.3 918.3 33.6 10.2 22.6 
2 Deir Alla 330 282.3 117.0 599.0 35.0 11.5 24.3 
3 Ghor Safi -350 72.4 18.3 151.8 36.9 13.8 25.8 
4 Irbid 616 459.6 216.8 912.9 29.1 5.8 18.3 
5 Rabba 920 337.3 138.0 606.0 27.7 4.3 16.9 
6 Shoubek 1365 251.6 95.0 482.0 24.6 0.7 13.3 
7 Tafieleh 1200 203.8 85.0 358.0 27.1 3.4 16.1 
8 Salt 796 550.1 246.0 1130. 27.8 3.9 16.9 
9 Aqaba 51 25.6 1.0 86.0 35.5 11.8 24.9 
10 Ras Munief 1150 463.9 217.0 913.0 25.5 1.4 14.8 
11 Amman Airport 790 254.2 111.0 548.0 30.0 4.8 18.2 
12 Mafreq 686 154.8 65.0 301.0 28.8 4.6 17.3 
13 Safawi H5 674 70.1 16.0 158.0 33.6 5.1 19.9 
14 Queen AIA 722 155.9 56.0 326.0 28.0 4.4 16.9 
15 Maan 1069 41.2 12.0 108.0 30.2 4.5 18.2 
16 Al-Jafer 865 31.4 1.0 135.0 31.0 5.1 13.1 
17 Zarqa 664 129.5 48.0 258.0 30.7 5.8 19.2 
18 Wadi Dhuleil 575 141.0 54.5 276.0 30.5 5.2 18.4 
19 Qatraneh 730 97.3 25.0 156.0 28.6 5.1 17.7 
20 Azraq South 610 54.0 9.0 149.0 32.4 5.8 19.8 
21 Reweished H4 683 81.2 16.0 168.0 32.9 4.4 19.8 

 

 

Table 3. Adopted CDI Drought Categories  
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Drought Category CDI Value 
No drought >1.0 
Mild 1.0 – 0.8 
Moderate 0.8 – 0.6 
Severe 0.6 – 0.4 
Extreme <0.4 

Source: (Z Balint et al., 2011) 

5.5 Drought Vulnerability Analysis for Groundwater 
Vulnerability assessments: is the practice of identifying, measuring and ranking 

vulnerabilities of a system. They are usually applied to inform decision-makers and to support 

processes of adaptation. Measures in the context of policymaking and for specific sectors and 

sub-systems aim to enhance the ability to resist or avoid the harmful consequences of climate 

change(Fritzsche et al., 2014). 

5.5.1 Generating a Drought Vulnerability Map 
Before commencing vulnerability analysis, an “Impact Chain Framework” was drafted 

based on the theory of interaction between exposure, sensitivity, and adaptive capacity factors 

controlling or affecting the groundwater systems in Jordan (Fritzsche et al., 2014; Richards & 

Nicholls, 2005). The framework was generated based on multiple stakeholders’ assessment, 

with stakeholders ranging from governmental ministries through academia, and research 

centres.  

Vulnerability is a function of the character, magnitude, and rate of drought to which a 

system is exposed, along with its sensitivity, and adaptive capacity. Jordan's groundwater 

drought vulnerability was assessed for the whole country based on a scoring technique for 

drought impacts (I) as identified through both drought exposure (E) and the sensitivity (S) of 

the country’s groundwater sector, in addition to existing adaptive capacity (C) (Figure 

3).(Dunford, Harrison, Jäger, Rounsevell, & Tinch, 2015; Fritzsche et al., 2014) 

Figure 4 shows the impact chain framework for the drought vulnerability assessment for 

the groundwater systems in Jordan as generated based on multiple stakeholders’ assessment. 

The framework identifies the factors to consider in the vulnerability assessment. Exposure, the 

degree of climatic stress upon a groundwater system, was categorised by merging two factors; 

drought severity and the probability of occurrence derived from CDI (Table 4 and 4b). The 

overall Drought Exposure is the average of the two factors from a rate of 5. 
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Figure 3. Groundwater System Vulnerability Determination Sketch 

 
Table 4.a. Scoring of Drought Exposure based on Drought Severity 
 Score 1 Score 2 Score 3 Score 4 Score 5 

Drought Severity CDI ≥1 1.0  CDI  
0.8 

0.80 CDI 
0.6 

0.6 CDI 
0.4 

CDI ≤ 0.4 

 
Table 4b. Scoring of Drought Exposure based on Probability of Occurance 
 Score 1 Score 2 Score 3 Score 4 Score 5 
Probability of 
Occurrence (Pr) 

Pr ≤ 10% 
10%< Pr 

<33% 
33%< Pr 

<67% 
67%< Pr 

<90% 
Pr ≥ 90% 

 

Groundwater sensitivity, the degree to which the groundwater system is affected by 

climate-related variables, was determined at each basin using a cumulative weighted function 

based on existing groundwater conditions (Equation 15). In this study and based on generated 

impact chain framework, the three factors were implemented in the sensitivity analyses; safe 

groundwater yield, exploitation, and depletion.  

Cumulative Weighted Function = 
∑ ×

∑
    (15) 

where 𝐹  is numerical expression of each factor in MCM, and 𝑊  is the weight assigned to each 

factor based on its importance.  

Based on experts’ judgment, the three factors were assigned similarly at the beginning to 

evaluate the functions for the 12 groundwater basins; thus the weights were 0.33 for each of 

the three factors as recommended by the experts. The drought impact (I) was derived from both 

the exposure (E) and sensitivity (I). The drought impact represented the rescaled (normalized 

from 0 to 5) value of a product of exposure and sensitivity. 

Climate Change 

Drought Exposure 

(E) 

Social, economic, and 

institutional capacity 

System Sensitivity 

(S) 

Drought Impacts (I) 

Cognition, Perception, 

and Willingness 

Adaptive Capacity 

(C) 

Groundwater System Vulnerability (V) 
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The individual groundwater basin adaptive capacity, the ability of the system to adjust to 

climate change and the moderate potential damage and to cope with the consequences, was 

estimated using a cumulative weighted function of the factors included in Table 6 as 

recommended and generated by the impact chain framework. These include economic, 

institutional, technological, knowledge and awareness-based, and infrastructure aspects. 

Experts were asked to provide their scores on each indicator from 0 to 10, and the overall 

indicator weight based on Equation 15 was rescaled from 0 to 5. 

 

Table 5.Groundwater basin adaptive capacity factors included in the vulnerability assessment 

Enabling Environment Indicators  
Politics Transboundary agreements, etc. 

Economics Capacity of investments at district level, Existence of mega 

projects to reduce the abstraction of the groundwater basin 

either through water saving controls or aquifer recharge, etc. 

Institutions Existence of monitoring and regulatory system for water use at 

municipality level, water governance, etc. 

Planning Existence of local planning to develop the groundwater 

systems at municipality level. 

Resources Availability of alternative water sources either surface or non-

conventional water. 

Groundwater sector vulnerability to drought was assessed using a scoring technique by 

which the vulnerability emerged as the ratio of impact to adaptive capacity as discussed on the 

impact chain framework in Figure 4. The scores were estimated for each vulnerability class 

based on expert judgments of the associated impacts (I) that was derived from Exposure (E) 

and sensitivity (S) of the country’s water sector, taking into account existing adaptive capacity 

(C). Five water vulnerability categories were suggested: Extremely vulnerable, Highly 

vulnerable, Moderately vulnerable, Low vulnerability, Very Low vulnerability as shown in 

(Table 6). 
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Figure 4. Impact chain framework for the drought vulnerability assessment of groundwater systems in Jordan. 
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Table 6. Scoring of Drought Vulnerability 

 Drought Impact Score 
Adaptive 
Capacity 
Score 

0.1 – 1 1.1 – 2 2.1 – 3 3.1 – 4 4.1 - 5 

0.1 – 1 Very Low Low Low Moderate Moderate 
1.1 – 2 Low Low Moderate Moderate Moderate 
2.1 – 3 Low Moderate Moderate High High 
3.1 – 4 Moderate Moderate High High Extreme 
4.1 - 5 Moderate High High Extreme Extreme 

 
5.5.2 Proposing Drought Adaptation Measures 

Assessing drought vulnerability through the application of a multi-stakeholder approach 

encourages the identification of sustainable adaptation strategies that could significantly 

improve infrastructure resilience. A long list of possible adaptation options/measures was thus 

proposed by multidisciplinary stakeholders in response to the identified hazards and 

vulnerabilities in groundwater systems. The measures were categorised under seven different 

themes: (1) demand management, (2) supply-side management, (3) cooperation with 

neighbouring countries and the international community, (4) integrated water information and 

database development, (5) training, awareness, and capacity building, (6) innovation and 

technology, and (7) Strategic planning/Policy /Legislations/ Government Participation. 

6 Results and Discussion 

6.1 Investigating Rainfall Trends 

6.1.1 Investigating Spatial and Temporal Annual Rainfall Trends 

The highest mean annual rainfall was recorded at the Salt station (550.1 mm) followed by 

University of Jordan (486.9 mm), Sweileh (468.6 mm), the RasMunief station (463.9 mm), 

then Irbid (459.6 mm). Those stations are all located in the northwest of the country with 

elevations higher than 600 m above sea level (Figure 5). The distribution of rainfall data 

coincides with rainfall distribution isohyets across the country, where only 2% of the country 

enjoy mean annual rainfall above 400 mm, all of which is located in the northwest. Around 

65.8% of the country suffers severe aridity (long mean annual rainfall < 50 mm), and 10.2% 

falls within the arid zone (long mean annual rainfall between 100–200 mm), thus 90.5% of the 

country is characterized by an arid to severe arid environment (long mean annual rainfall below 

200 mm).  
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The detailed rainfall time series and trend analyses at both annual and monthly scales 

indicate huge variability in rainfall data within and between stations (Table 1 and Figure 6). 

The associated coefficient of variations (CVs) for annual rainfall data ranged from 30.2% up 

to 83.7%, illustrating the significant variability of rainfall data at each weather station. At the 

same time, the positive skewness values and high kurtosis values associated at the weather 

stations indicates the presence of extremely high rainfall in very wet years, though most of the 

time, the rainfall is much less. 

 

Figure 5. Rainfall Distribution map of the country based on long historical rainfall records 
Base Map Source: (MWI, 2010). 

Both the correlation coefficient (r) and the Kendall τ values test for historical annual 

rainfall data for the 29 meteorological stations across Jordan shows negative trends (except for 

the Madaba station, which might be due to human error in data collection) indicating the 

decreasing trends in rainfall over time. The significance of rainfall trends based on ANOVA 
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varies from highly significant (p < 0.001) to significant (p < 0.05) to non-significant (p > 0.05) 

as indicated by the associated p-values (Table 7). The strongest trends are seen at Mafreq, 

Queen AIA, Ramtha, Shoubek, and Sweileh weather stations. Similarly, regressed trends across 

all the weather stations showed decreasing trends and agreed with the Mann–Kendall test 

results. The linear trends indicate an average decrease of about 1.8 mm/year for the whole 

country, ranging from 0.04 to 5.2 mm/year. On the other hand, Madaba weather station shows 

a non-significant increase in rainfall records over time, with a mean rate of change of 0.73 

mm/year. Although all trends were poorly correlated with time as indicated by low R2, however 

the highest decrease rates are seen at Sweileh, Salt, Irbid, ErRabeh, Shoubek, and Ramtha 

weather stations. 

Table 7. Mann–Kendall test and linear regression trend results for the annual rainfall records 
per weather station. 

Station R 
Kendall 

τ 
Prob > 

|τ| 
Linear Trend Equation R2 RMSE Prob > F 

        
Baqura −0.231 −0.147 0.1954 5796.86 − 2.71 × Year 0.053 131.7 0.1735 
DeirAlla −0.274 −0.176 0.1219 4751.47 − 2.24 × Year 0.075 90.9 0.1049 
Ghor Safi −0.224 −0.204 0.0722 1195.83 − 0.56 × Year 0.050 28.3 0.1877 
Irbid −0.270 −0.184 0.1049 7320.20 − 3.43 × Year 0.073 141.4 0.1094 
ErRabeh −0.335 −0.197 0.0827 6420.43 − 3.05 × Year 0.112 99.0 0.0447* 
Shoubek −0.425 −0.297 0.0078* 7509.17 − 3.63 × Year 0.181 89.3 0.0070* 
Tafieleh −0.386 −0.211 0.0627 4377.6 − 2.1 × Year 0.149 57.7 0.0195* 
Salt −0.313 −0.178 0.116 9721.26 − 4.59 × Year 0.098 161.0 0.0618 
Aqaba −0.164 −0.130 0.2522 642.62 − 0.31 × Year 0.027 21.4 0.3365 
RasMunief −0.223 −0.124 0.2739 6041.09 − 2.79 × Year 0.050 141.4 0.1904 
Amman Airport −0.342 −0.207 0.0682 5553.58 − 2.65 × Year 0.117 84.2 0.0402* 
Mafreq −0.420 −0.238 0.0357* 4164.22 − 2.01 × Year 0.176 50.2 0.0104* 
Safawi H5 −0.184 −0.149 0.1907 1099.41 − 0.52 × Year 0.034 31.9 0.2820 
Queen AIA −0.308 −0.223 0.0496* 2949.49 − 1.40 × Year 0.095 50.0 0.0669 
Maan −0.150 −0.056 0.6236 684.24 − 0.32 × Year 0.023 24.6 0.3820 
Al-Jafer −0.217 −0.128 0.2628 1008.17 − 0.49 × Year 0.047 25.5 0.2029 
Zarka −0.283 −0.093 0.4137 2380.98 − 1.13 × Year 0.080 44.1 0.0925 
WadiIDhuleil −0.418 −0.258 0.0229* 3766.28 − 1.81 × Year 0.175 45.6 0.0108* 
Qatraneh 0.003 −0.020 0.8602 79.15 + 0.01 × Year 0.000 31.5 0.9846 
Azraq South −0.153 −0.147 0.1954 871.78 − 0.41 × Year 0.023 30.6 0.3712 
Reweished H4 −0.221 −0.084 0.4581 1504.29 − 0.71 × Year 0.049 36.4 0.1938 
WadiErRayyan −0.188 −0.120 0.2908 3826.12 − 1.76 × Year 0.035 106.6 0.2715 
Sweileh −0.328 −0.222 0.0498* 10838.1 − 5.2 × Year 0.108 173.0 0.0499* 
Maddaba 0.068 0.064 0.5716 −1160.45 + 0.73 × Year 0.005 124.5 0.6922 
Ramtha −0.464 −0.314 0.0055* 7625.99 − 3.71 × Year 0.215 82.0 0.0041* 
DierAbi Said −0.003 0.067 0.5673 544.71 − 0.04 × Year 0.000 151.3 0.9863 
South Shuna −0.115 −0.038 0.7437 1244.32 − 0.54 × Year 0.013 54.2 0.5381 
Jerash −0.045 0.010 0.9299 1274.64 − 0.46 × Year 0.002 117.4 0.7946 
University of 
Jordan 

−0.241 −0.166 0.1413 7290.79 − 3.41 × Year 0.058 158.8 0.1558 

* Significant at 95% confidence level (probability < 0.05). 
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Figure 6. Historical rainfall distribution by station from 1980 to 2017. 
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Based on the regional classification of the lands where the meteorological stations exist, 

the stations were grouped into three classes; highlands (northern, middle, and southern), Jordan 

Rift Valley (northern and southern), and desert region (northern and southern). Based on Table 

8, the rate of annual rainfall reduction varies by region and location. The highlands are 

associated with a high rate of reduction ranging from 2.1 to 5.2 mm/year with the highest rate 

of reduction at Sweileh station. 

On the other hand, the JRV as a region is associated with a medium rate of annual rainfall 

reduction ranging from 0.04 to 2.71 mm/year. This rate of reduction is varying also by location. 

The northern stations are associated by higher magnitude of reduction rate as compared to the 

southern part, this is attributed to the elevation since all the southern stations at the JRV are 

located below the sea level. 

Finally, the desert area of both northern and southern locations are associated with low 

annual rainfall reduction as compared to the other regions. It is ranging from 0.01 to 2.01 

mm/year. Again, the location is affecting the rate of annual rainfall change, where the southern 

desert receives less rainfall than others. 

It is essential to highlight that the rate of annual rainfall reduction is also related to the 

annual mean rainfall and altitude. The higher the mean annual rainfall, the higher the rate of 

reduction. Also, since annual rainfall is related to the altitude, high altitude stations are 

exhibiting higher annual rainfall and thus the higher annual rainfall reduction rates taking into 

account the location respect. 

The variability in the significance of the rainfall decrease by time was not related to the 

altitude either the location. This could be attributed to the rainfall variability in respect to space 

and time. Rainfall patterns tend to be more site-specific or micro-climatic conditions and don’t 

have a real specific trend. 
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Table 8. Annual rainfall reduction rate and significant as related to the geographical regions, 
locations, and altitude. 

Region Location Station Name 
Altitude 

(m) 
Mean 
(mm) 

Annual Rate of rainfall 
reduction (mm/year) 

Highlands 

Northern 

Irbid 616 459.6 3.43 
RasMunief 1150 463.9 2.79 
Ramtha 590 209.1 3.71* 
Jerash 585 364.5 3.41 

Middle 
Salt 796 550.1 4.59  
Amman Airport 790 254.2 2.65* 
Sweileh 1050 468.6 5.2* 

Southern 
Rabba 920 337.3 3.05* 
Shoubek 1365 251.6 3.63* 
Tafieleh 1200 203.8 2.1* 

Northern 
Jordan Rift 

Valley 
Northern 

Baqura −170 392.4 2.71 
DeirAlla 330 282.3 2.24 
WadiDhuleil 575 141.0 1.81* 
WadiErRayyan −200 308.5 1.76 

Jordan Rift 
Valley 

Southern 
Ghor Safi −350 72.4 0.56 
DierAbi Said −224 461.2 0.04 
South Shuna −211 165.5 0.54 

Desert Region 

Northern 

Mafreq 686 154.8 2.01* 
Zarqa 664 129.5 1.13 
Azraq South 610 54.0 0.41 
Reweished H4 683 81.2 0.71 
Safawi H5 674 70.1 0.52 

Southern 

Aqaba 51 25.6 0.31 
Maan 1069 41.2 0.32 
Al-Jafer 865 31.4 0.49 
Qatraneh 730 97.3 0.01 

* significantly different at 95% confidence level 

6.1.2 Investigating Rainfall Shifts by Month 
Rainfall is generally scarce, and occur from November to April, with a maximum in winter, 

between December and February. Based on linear regression for the rainfall trends by the month 

regardless of the station, Table 9 indicates that rainfall is temporally changing by month with 

high significance levels in February, March, November and December. At all other months, the 

rainfall tends to decrease insignificantly with time. The highest observed rate of rainfall 

reduction is being at March by 0.82 mm/year. This indicates that rainfall in Jordan tends to vary 

temporally with the start, middle, and end of the seasons. 

Taking Ras Munief as an example for the rainfall shift assessment, Figure 7 shows that 

rainfall tends recently to shift from September to October. This will impact the agricultural 

practices in Jordan, especially for seed broadcasting for wheat and barley productions at rainfed 

areas. Similarly, rainfall at May starts to decrease by time, thus indicating back-shifting to 
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April. This indicates that the rainfall season at Ras Munief is shortening at both directions; 

starts and ends. 

 

Table 9. Temporal linear regression analyses for rainfall trends per month regardless of the 

weather station. 

Month Linear Regression Equation R2 RMSE P-Value 

January Rainfall (mm) = 150.4 - 0.05*Year 0.001 55.93 0.7621 

February Rainfall (mm) = 793.5 - 0.37*Year 0.004 63.39 0.0342* 

April Rainfall (mm) = -85.0 + 0.05*Year 0.001 15.98 0.2796 

May Rainfall (mm) = -65.1 + 0.03*Year 0.002 8.09 0.1230 

June Rainfall (mm) = 11.7 - 0.006*Year 0.002 1.40 0.1424 

July Rainfall (mm) = 0.8 - 0.0004*Year 0.001 0.17 0.3774 

August Rainfall (mm) = -0.7 + 0.0004*Year 0.001 0.17 0.4622 

September Rainfall (mm) = -4.8 + 0.002*Year 0.001 1.09 0.4092 

October Rainfall (mm) = 15.4 - 0.003*Year 0.001 12.73 0.9210 

November Rainfall (mm) = 878.2 - 0.43*Year 0.014 39.11 0.0001* 

December Rainfall (mm) = 783.4 - 0.37*Year 0.005 58.56 0.0222* 

* significantly different at 95% confidence level 

 

Figure 7. Temporal rainfall trend at Ras Munief Station as a function of the month. 
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6.2 Standardized Precipitation Index (SPI) Results 

6.2.1 Annual Standardized Precipitation Index (SPI12) Variability 
The SPI12 results show that 15% of the period between the years 1980 to 2017 is classified 

as drought (SPI < −1) ranging from normal, through moderate, to extreme drought, while 72% 

of the records are classified as near normal (Table 10). Conversely, wet conditions, from 

moderately wet to extremely wet, were recorded for only 13% of the period, much of which 

fell in the years 1979, 1982, 1987, 1990, 1991, 1994, and 2002. It is important to note that 50% 

of the SPI data are below zero, and thus, 26% of the drought data in Jordan is above normal 

class. 

There was an extreme drought event across the entire country in 1998–1999, and extreme 

drought was observed at a few stations in the years 1980/1981, 2007/2008, 2010/2011, and 

2012/2013. On the other hand, moderate to severe drought events were observed over the years 

1980/1981, 1982/1983, 1984/1985, 1988, 1993, 2003–2008, and 2010–2014 (Figure 8).  

 

Table 10. The observed frequency for seven categories according to the annual standardized 

precipitation index (SPI12) values. 

Category 
SPI class 

range 

Frequency (%) 

SPI12 SPI6W SPI6D SPI3JFM SPI3AMJ SPI3JAS SPI3OND 

Extremely Wet ≥ 2.00 3.37 3.70 3.081 3.09 2.82 2.96 1.55 

Very Wet 1.50 – 1.99 3.46 3.52 3.26 3.46 3.27 23.14 5.55 

Moderately Wet 1.00 – 1.49 6.28 7.31 9.33 8.00 9.91 49.23 8.55 

Near Normal −0.99 – 0.99 72.22 71.39 74.30 69.27 74.00 24.67 68.36 

Moderately Drought −1.49 – 1.00 8.93 8.89 8.10 9.00 8.46 0 9.27 

Severe Drought −1.99 − −1.5 3.10 2.91 1.14 4.82 1.27 0 4.55 

Extreme Drought ≤ −2.00 2.64 2.29 7.92 2.36 0.27 0 2.18 

 

There was an extreme drought event across the entire country in 1998–1999, and extreme 

drought was observed at a few stations in the years 1980/1981, 2007/2008, 2010/2011, and 

2012/2013. On the other hand, moderate to severe drought events were observed over the years 

1980/1981, 1982/1983, 1984/1985, 1988, 1993, 2003–2008, and 2010–2014 (Figure 8).  

In terms of frequency, drought events tend to occur once every two to three years. On the 

other hand, the whole country witnessed an extreme drought during 1998/1999 (SPI12 < −2), 

where its impact extended through the following year. In terms of local impact, the most 
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extreme drought event in the data occurred during 2013/2014, with a SPI12 of −3.2 at Ramtha 

weather station, the only station at which such an extreme was recorded that year. 

The linear regression of SPI12 indicated the existence of a significant increase in drought 

magnitude over time, at a rate of −0.02 per year (p < 0.0001). This indicates that drought events 

in Jordan are becoming more frequent and with higher severity (Table 11). 

 

 

Figure 8. Annual standardized precipitation index (SPI12) values for each station 1980–2017 
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Table 11. Linear trend analysis for standardized precipitation index over time. 

SPI Linear Trend Equation R2 RMSE Prob. > F 
SPI12 = 40.39 − 0.02 × Year 0.0488 0.976 <0.0001* 
SPI6W = 41.06 − 0.02 × Year 0.0505 0.975 <0.0001* 
SPI6D = −3.45 + 0.002 × Year 0.0005 0.891 0.4642 
SPI3AMJ = −1.86 + 0.001 × Year 0.0001 0.8774 0.6859 
SPI3JAS = 1.25 + 0.000 × Year 0.0001 0.4080 0.9979 
SPI3JFM = 30.69 − 0.015 × Year 0.0283 0.9867 <0.0001* 
SPI3OND = 19.12 − 0.010 × Year 0.0113 0.9806 <0.0001* 

* Significant at 95% confidence level (probability < 0.05). 

 

6.2.2 Seasonal Standardized Precipitation Index (SPI6) Variability 
The dry season standardized indices (SPI6D) show little variability over time for all stations 

(Figure 9), partly because summers are dry, with rainfall being particularly rare in April and 

May. Indeed, April and May come at the end of the rainy season, and drought during the dry 

season is often due to reduced rainfall during these two months. Except in extremely wet years, 

rainfall in April and May is less than 5% of the annual total rainfall.  

The rainfall data for 1980 to 2017 dry seasons shows that there was a drought for 17.2% 

of the time (Figure 9). On the other hand, 46.2% of these drought events were classified as 

extreme, which may indicate a massive reduction in rainfall during the dry seasons. In terms of 

linear trend analysis for standardized precipitation index over time, the SPI6 shows two 

different scenarios for dry and wet season (Table 11). The dry season tends to significantly 

increase in severity with time, while at dry season the drought tends to reduce insignificantly 

by time. 

Based on investigating the linear trends of SPI3D over time, there were no significant trends 

detected (Table 12). Although the lowest annual rainfall occurred during the year 1998/1999, 

the SPI6D indicates that most extreme drought was recorded in 2012 with a value of −2.8 at 

RasMunief weather station, followed by an event in 2000 with a value of −2.7 for the same 

station. The drought event at Ramtha station is still considered to be extreme, on the basis of 

SPI6D, in the years 1987 and 2000, in addition to the event at the Irbid weather station during 

1987 and 2010, and at the Wadi El-Rayyan weather station, also in 1987 and 2010.  

By investigating the RasMunief weather station records, which is located at the highest 

point in Jordan, at 1150 m above sea level, it was clear that the rainfall there always extends 

into April, and sometimes into early May, with an average of about 20 mm for April, and 7 mm 

for May. However, in the years 2000 and 2012, RasMunief recorded zero rainfall. 
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Figure 9. Dry season standardized precipitation index (SPI6D) values for each station from 
1980 to 2017. 
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The wet season standardized indices (SPI6W) mimics the variability of the annual SPI 

overtime (Figure 10). This is true as SPI6W represents the variability for about 95% of the 

rainfall records that falls within the wet months (October to March). In a similar pattern to the 

annual indices, the drought has a significant linear increase of about −0.02 per year (p < 

0.0001). 

 

Figure 10. Wet season standardized precipitation index (SPI6W) values for each station 1980–

2017. 
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6.2.3 Three-Month Standardized Precipitation Index (SPI3) Variability 
The SPI3 values vary from −3.03 to 3.06 with an average of 0.30, though the variability in 

SPI3 varies according to the investigated months (Table 12 and Figure 11). The highest exist at 

SPI3JFM followed by SPI3OND, while SPI3JAS has the lowest variability. Since there is no rainfall 

in July, and since the average rainfall in August is only 0.01 mm, then SPI3JAS shows the 

variability for September only.  

The linear trend analysis for standardized precipitation index over time indicate that the 

SPI3 shows two different scenarios for dry and wet season (Table 11). The dry season tends to 

significantly increase in severity with time especially at JFM as compared to OCD, while at 

dry season the drought tends to reduce insignificantly by time. 

Tables 11 and 12 show that the observed probability is ranging from near normal to 

extremely wet, and thus, this SPI3 can be used to categorize the existence of extremely wet 

conditions. SPI trend analyses (Table 12) indicated that there are significant increases in 

drought events, with a rate of −0.015 and −0.01 per year for SPI3JFM and SPI3OND, respectively. 

However, SPI3AMJ and SPI3JAS show no trends. 

Table 12. Summary of SPI3 magnitudes for the historical rainfall records from 1980-2017. 
Parameters SPI3AMJ SPI3JAS SPI3JFM SPI3OND 
Mean 0.098 1.253 0.000 0.011 
Standard Deviation 0.877 0.408 1.000 0.986 
Maximum 3.064 2.684 2.922 2.632 
Minimum −2.767 0.633 −3.030 −2.787 

Similarly, SPI3AMJ represents the variability in springtime that extends from April to June. 

In Jordan, the rainfall may extend into April and the first half of May only, therefore SPI3AMJ 

represents the variability within those two months only and ranged from −2.77 to 3.06. 

In addition to the above, SPI3 analyses indicates that national droughts are effective in 

months and quarters, however, local droughts are more evident at specific weather station either 

in the north or south of the country. This variability shows that droughts in Jordan are either 

localized or national based on the extent of each one (Figure 11). 

In terms of drought occurrence, magnitude, and interval per weather station, the overall 

SPI3 variability indicates that droughts in Jordan are more evident in the period of October to 

December and January to March (Figure 12). The data indicate that droughts during these 

periods are not only longer (as expressed by variability between SPI quarters), but also more 

severe (magnitude) as indicated by the McKee classification (McKee et al., 1995).  
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Figure 12. Standardized precipitation index of quarter periods (SPI3) values 1980–2017. 
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Figure 13. Overall trend of the average standardized precipitation index of quarter periods 
(SPI3) values from 1980 to 2017. 

 

Taking Ras Munief Station as an example, the SPI3 quarter graphs show that the periods 

AMJ, OND, and JFM have no common trends since they do not move together or move against 

each other (Figure 13). This indicates that the SPI3 variable is having individual trends for each 

quarter. Thus each quarter has its unique pattern of change. From the quarter SPI3 graphs, the 

changes in the SPI magnitude at the wet period of OND and JFM are rather oscillating 

repeatedly as compared to the dry season periods. The AMJ period exhibits a sharp, abrupt 

change of high and low SPI. This abrupt change is increasing by time, especially in the last 

period of 15 years. 

The SPI3OND graph shows that the highest drought presented was at the year 1999/2000. It 

was thus indicating that this period (OND) was responsible for the severe drought in Jordan 

that was witnessed during the study period. 
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Figure 14. Overall trend of the average standardized precipitation index of quarter periods 
(SPI3) values from 1980 to 2017. 

6.2.4 Spatial SPI Drought Extent 
The spatial SPI12 krig maps generated using the geostatistical tool within the ArcGIS 

package provided visual interpolations for the spatial extent of droughts in Jordan for the period 

from 1980 to 2017 (Figure 14). The generated maps prove the presence of two drought types 

based on the extent of the event; local and national. A local drought is confined to a specific 

geographical area, lasting one season, and there is no observable trend to them; an area suffering 

a local drought in one year may not experience another for four or five years. Extreme local 

droughts, however, have a higher intensity than national droughts at specific weather stations, 

and thus impose severe impacts on local-scale geographical locations.  

On the other hand, national droughts, where extremely low or zero rainfall is recorded at 

all meteorological stations, are very rare. Of course, they have a more significant impact and 

magnitude than local droughts, and though a national drought can go on for two consecutive 

years, the time between such events is long. 

The krig semivariogram analyses indicate that local droughts are anisotropy in their 

behavior, with different angles of impact varying from year to year. In most cases, the spatial 

drought variation is best fitted exponentially with very negligible nuggets and long major range 

distance of independence. The location of the local drought is related to the severity of impact. 

Local droughts in desert areas seems more frequent but with lower rate of impact since the 

mean annual rainfall in those areas is less than 50 mm. On the other hand, local droughts in the 

highlands, even if they are less frequent, their impacts are more critical as the mean annual 

rainfall in those areas is more than 400 mm. 
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These results coincide with Al-Qinna et al. (2011) by which national droughts are 

characterized by a circular distribution fit in an isotropical behavior. Therefore, national 

droughts impact the whole spatial extent of the country with no specific variations in rates. On 

the other hand, local droughts are regional specific phenomena that hits the country at specific 

geographical area that may last for one to two seasons with various magnitude rates. 

6.2.5 SPI Cluster Analysis 
Using multilinear regression analysis, the ANOVA tables indicated that the effect of the 

time (year) is more significant than the spatial location as indicated by the very significant 

probability test of p < 0.001 for time and non-significant p = 0.99 for location (Table 13). 

Regardless of the location of the drought, the average SPI drought magnitude increases 

significantly by time with an average rate of −0.02 per year while showing weak correlation 

(R2 of 0.048 and RMSE of 0.9896).  It is important to highlight that due to huge variability of 

rainfall over time, the coefficient of determination for all related indicators are always weak 

indicating that the linear model is not the best model to represent the variations between 

predictors and responses.  

The difference of drought is more evident in more apparent in some years than others while 

in some there are no significant differences found between weather stations when the extreme 

event (either wet or dry) was national in scale.  

Using Ward's minimum variance method within hierarchical cluster analysis for SPI12, 

three significant clusters were identified regardless of the effective year. The dendrogram 

results illustrated shows the grouping pattern achieved from clustering (Figure 15). The results 

indicate that the spatial locations of each group (cluster) have similar magnitudes and changes 

overtime that significantly varies from other clusters.  

 

The generated grouping actually identifies three main regions in the kingdom: northern, 

eastern, and southern. Each region has similar micro-climatological conditions. The northern 

region (shown in red) is characterized by wet patterns with rainfall above 250 mm. In contrast, 

the eastern part of the kingdom (shown in green) represent low rainfall regions with an average 

annual rainfall of less than 100 mm. Finally, the southern region is characterized by the average 

annual rainfall of less than 250 mm. 
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Figure 15. Spatial SPI krig maps generated for the period from 1980 to 2017. 

  

    

1980 1983 1984 1986 

    

1988 1989 1991 1992 

    

1999 2000 2001 2006 

    

2009 2012 2014 2016 



50 

Table 13. Regression analysis for SPI12 regarding spatial and temporal scales. 
Weather Station  Estimate Prob > ItI a 

Baqura −0.000485 0.9975 

DeirAlla 0.0003229 0.9984 

Ghor Safi 0.003824 0.9807 

Irbid −9.885e−5 0.9995 

ErRabeh 0.0021258 0.9893 

Shoubek 0.0013583 0.9931 

Tafieleh 0.0012457 0.9937 

Salt 0.0002993 0.9985 

Aqaba −0.000319 0.9984 

RasMunief 0.0006314 0.9968 

Amman Airport −0.000698 0.9965 

Mafreq 0.0006292 0.9968 

Safawi H5 0.0023324 0.9882 

Queen AIA 0.0013181 0.9933 

Maan −0.001784 0.9910 

Al-Jafer 0.0032788 0.9834 

Zarka 0.0015815 0.9920 

WadiIDhuleil 0.0001879 0.9991 

Qatraneh 0.0043724 0.9779 

Azraq South 0.0030334 0.9847 

Reweished H4 0.0076678 0.9613 

WadiErRayyan −0.000371 0.9981 

Sweileh −0.001671 0.9916 

Maddaba 0.0037757 0.9809 

Ramtha 0.0055731 0.9718 

DierAbi Said −0.019975 0.9019 

South Shuna −0.018202 0.9106 

Jerash 0.0001972 0.9990 

University of Jordan −0.000684 0.9965 

a Student t-test at 95% probability level. 
* Significant at 95% confidence level (probability < 0.05). 
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Figure 16. Drought grouping using Ward's minimum variance method within hierarchical 
cluster analysis for SPI12. 

 

6.3 Combined Drought Indicator (CDI) 

6.3.1 Precipitation, Temperature, and Vegetation Indicator Time Series Variability  
Based on equations 5, 6, and 7, PDI, TDI, and VDI indicators were generated for each 

meteorological station at intervals of 1, 2, 3, 6, and 12 months. In order to develop a visual 

expression for the variation over time, the annual droughts were classified using the adopted 

categories (Tables 14, 15, 16).  
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Drought magnitudes and severity were examined from 1980 to 2017 in terms of the three 

indices, which were temporally and spatially variable. The variability in PDI was more evident 

than in the other indices, which proves the assumption that more weight should be given to PDI 

rather than TDI or VDI.  

The drought severity presented by PDI shows that the country faced many drought events 

over this period as measured by different stations. The severity varied from year to year, from 

mild to extremely severe (Table 14). The drought pattern seemed to increase in severity over 

time, therefore government of Jordan should act rapidly in terms of preparing short and long 

term adaptation plans and drought contingency plans. 

On the other hand, the temperature drought indicator (TDI) changed more smoothly over 

the years (Table 15). This is the most obvious indicator which has been changed during the last 

three decades from the three studied indices: the TDI values from 1980 to 1997 were generally 

above the threshold level, varying from 1.0 to 1.5, indicating non-drought events (temperature 

below the long-term average temperature). Nevertheless, temperature drought severity in the 

last decade has become more prominent, with magnitudes ranging from 0.3 to 1.0 (mild to 

severe). It is important to highlight that 2010 represented the most severe case, as the 

temperature drought affected the whole country in that year, as indicated by it affecting all 

stations. 

The VDI variability differs from that of the other indicators, changing alternatively from 

no-drought to extreme drought throughout the study period (1980 to 2017) (Table 16). The lag 

of impact is estimated to be about 2 to 3 years. However, the magnitude of impact increases 

over time, especially after 2001, where it becomes more significant with a shorted lag time of 

around two years. The vegetation drought index is generally influenced by the temperature and 

precipitation droughts. Therefore, when PDI and TDI indicators act simultaneously to decrease 

the amount of available groundwater and available soil moisture for plant growth, imposed 

stresses from higher temperatures will eventually stress the plants. Thus the vegetation index 

magnitude will also drop. 

It is essential to realize that the rainfall or temperature in a given area is likely to affect the 

vegetation of the area at about three months to one-year lag. It is thus not necessarily valid for 

time units on the order of 1 month to show consistency or correlation between VDI and PDI or 

TDI. Therefore, from a monitoring standpoint, more extended periods of data gathering are 

recommended to identify and present the variability in indicators based on average long term 

variables. 
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Table 14. PDI values per station calculated on an annual basis. 

Name Baqoura Dair 
Alla 

Ghor 
Es-
Safi 

Irbid Er-
Rabbah 

Shoubak Tafieleh Sult Aqaba Ras 
Muneif 

Amman 
Airport 

Mafraq Safawi-
H5 

QAI 
Airport 

Ma'an Jafir Zarqa Wadi 
Dhuleil 

Qatraneh Azraq Ruwashid-
H4 

1980 1.27 1.31 1.4 1.36   1.52 2.04 1.23 1.75 0.94 1.78 1.67 1.52 1.79 1.9 2.24 1.69 1.71 0.8 0.87 0.69 
1981 0.77 0.68 0.6 0.64   0.59 0.28 0.85 0.59 0.68 0.57 0.76 0.47 0.33 0.19 0.19 0.31 0.49 0.18 0.65 0.38 
1982 1.25 1.25 1.10 1.19 1.49 2.2 1.58 1.01 2.13 1.13 1.21 1.49 1.83 1.53 1.36 1.35 1.37 1.75 1.53 1.75 3.51 
1983 1.37 1.37 0.43 1.07 1.06 0.99 0.94 1.6 0.6 1.02 1.57 1 0.34 1.14 0.72 0.65 1.21 1.18 0.73 0.36 0.61 
1984 0.73 0.73 1.47 1.37 0.93 0.54 0.92 1.05 0.48 0.88 0.89 1 0.62 0.99 0.47 0.32 0.65 1.03 0.97 0.85 1.07 
1985 0.85 0.85 1.32 0.86 1.22 1.61 1.49 1.05 1.46 0.75 1.11 1.01 1.13 1.24 1.53 2.12 0.92 0.97 1.45 1.55 0.92 
1986 1.56 1.56 1.13 1.57 0.88 0.89 0.86 1.51 1.56 1.8 1.12 1.26 1.19 1.02 1.1 1.45 1.49 1.45 1.01 0.99 1 
1987 0.63 0.63 1.53 0.9 0.64 0.71 0.53 0.82 2.46 1.12 0.9 1.02 0.62 1.06 0.87 2.86 1.12 1.14 1.26 1.13 1.23 
1988 1.15 1.15 0.71 1.17 1.6 1.94 1.95 1.21 1.47 1.48 1.96 1.93 3.56 1.56 2.78 2.74 2.48 1.98 1.85 2.61 2.12 
1989 0.87 0.87 1.28 0.52 1.29 0.72 0.51 0.91 1.28 0.75 0.3 0.75 0.64 0.47 0.94 1.32 0.54 0.71 0.7 0.95 0.55 
1990 0.74 0.74 1.61 0.83 0.82 0.94 0.81 0.72 2.06 0.69 0.88 0.92 1.77 1 1 1 0.75 0.99 1.03 1.96 1.15 
1991 2.07 2.07 0.86 1.54 2.28 2.4 2 2.32 1.38 1.72 1.66 1.9 1.96 1.24 1.39 1.25 1.4 1.74 1.26 2.15 0.9 
1992 1.87 1.87 1.31 2.08 1.81 1.82 1.51 1.81 0.74 2.08 2.11 1.72 0.84 1.7 0.65 0.58 1.69 1.56 1.26 0.88 1.45 
1993 0.42 0.42 1.84 0.55 0.72 0.52 0.3 0.5 1.59 0.56 0.89 0.5 0.75 0.8 1.38 1 0.56 0.44 0.98 0.82 1.05 
1994 1.63 1.63 0.45 1.4 1.51 1.93 2.13 1.8 2.21 1.58 1.54 2.06 1.28 1.62 2.38 2.04 1.83 1.45 1.39 1.76 1.9 
1995 0.25 0.25 0.45 0.54 0.22 0.78 0.36 0.25 0.68 0.51 0.24 0.41 1.05 0.33 0.66 0.61 0.18 0.27 0.19 0.6 0.82 
1996 1.12 1.12 0.82 0.86 0.92 0.98 0.74 0.99 0.24 1 1.12 1.15 1.55 1.16 1.19 1.26 1.06 1.21 1.02 0.38 1.22 
1997 2.15 2.15 1.52 1.33 1.2 1.11 1.49 1.2 1.44 1.81 1.32 1.33 1.31 1.4 1.8 1.2 1.37 1.54 0.93 1.23 1.32 
1998 0.63 0.63 1.01 0.76 0.67 0.94 0.53 0.46 0.43 0.81 0.57 0.67 0.67 0.33 1.19 0.74 0.62 0.68 1.08 0.97 0.61 
1999 0.26 0.26 0.74 0.26 0.5 0.46 0.52 0.28 1.04 0.19 0.26 0.36 0.48 0.34 0.5 0.55 0.25 0.25 0.19 0.51 0.3 
2000 1.50 1.50 0.68 0.93 0.64 0.6 1.17 0.99 0.58 1.12 0.91 0.91 0.33 1.12 0.43 0.22 1.01 1.17 0.74 0.39 0.62 
2001 0.88 0.88 0.73 0.63 1.02 0.95 1.84 0.71 0.69 0.74 0.9 1.1 0.99 0.97 1.21 1.57 0.83 0.77 1.66 0.75 1.17 
2002 1.39 1.39 1.25 1.56 1.49 1.53 0.46 1.47 0.88 1.35 1.31 1.59 1.6 1.46 0.71 1.18 1.61 1.2 1.39 0.97 1.05 
2003 1.24 1.24 0.84 1.88 0.63 0.4 1.3 1.15 0.48 1.54 1.26 1.17 1.37 1.01 0.43 0.34 1.26 1.27 0.97 1.46 1.22 
2004 0.80 0.80 2.17 1.01 1.16 1.12 0.48 0.81 0.34 0.87 0.78 0.69 0.64 0.74 1.18 0.28 0.72 0.67 1.27 1.2 0.99 
2005 0.80 0.80 0.85 1.01 0.69 0.48 1.21 1.16 0.25 1.18 0.89 0.87 0.81 0.75 0.33 0.6 0.75 0.64 0.66 1.16 0.98 
2006 1.16 1.16 1.01 0.9 1.24 1.08 0.76 0.84 0.59 0.79 0.76 0.63 0.53 0.92 0.91 1.04 0.98 0.82 1.89 0.46 0.94 
2007 0.72 0.72 0.57 0.91 0.99 0.75 0.9 1 0.47 1.13 1.13 0.43 0.43 1.07 0.92 0.58 0.92 0.69 0.98 0.56 1.3 
2008 0.61 0.61 0.41 0.52 0.64 0.54 0.94 0.5 0.33 0.76 0.7 0.49 0.7 0.6 0.73 0.65 0.69 0.53 0.74 0.5 0.49 
2009 0.94 0.94 0.32 1.48 0.7 0.44 1.08 1.31 0.23 1.18 0.89 0.96 0.4 0.97 0.53 0.26 1.08 0.91 0.75 0.59 0.2 
2010 0.49 0.49 0.59 0.6 0.97 0.64 1.04 0.62 1.23 0.47 0.86 0.52 1.22 0.91 1.08 0.75 0.94 0.66 0.91 1.15 1.53 
2011 0.86 0.86 1.15 1.12 0.52 0.65 0.76 0.9 0.49 1.17 0.83 1.09 0.59 0.85 0.22 0.53 1.04 1.02 0.55 0.64 0.83 
2012 1.02 1.02 0.55 1.26 1.01 0.54 0.76 1.5 1.08 1.14 0.97 1.05 0.45 0.99 0.74 0.48 0.84 0.93 0.49 0.57 0.37 
2013 1.32 1.32 0.66 1.44 1.62 1.14 0.76 1.31 0.95 1 1.23 1.06 0.88 1.26 1 0.96 0.97 1 0.97 0.35 1.33 
2014 1.08 1.08 2.02 0.68 0.95 1.13 1.28 0.97 1.79 0.79 0.91 1.07 0.87 1.12 1.53 1.18 1.08 1.15 1.29 0.7 1.27 
2015 1.03 1.03 2.29 0.94 1.27 1.39 1.19 0.98 1.28 0.79 1.26 1.16 1.91 1.08 1.51 2.16 1.43 1.57 1.6 2.31 0.77 
2016 1.05 1.05 0.89 0.85 1.3 1.5 1.5 1.06 2.03 1.08 1.07 0.92 1.19 1.34 1.66 1.4 1.12 0.87 1.71 1.86 0.97 
2017 0.16 0.16 0.23 0.17 0.36 0.37 0.14 0.17 0.61 0.12 0.2 0.19 1.04 0.36 0.26 0.44 0.25 0.38 0.61 0.82 0.5 

 

No drought >1.0  Mild 1.0 – 0.8  Moderate 0.8 – 0.6  Severe 0.6 – 0.4  Extreme <0.4 
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Table 15. TDI values per station calculated on an annual basis. 

Name Baqoura Dair 
Alla 

Ghor 
Es-
Safi 

Irbid Er-
Rabbah 

Shoubak Tafieleh Sult Aqaba Ras 
Muneif 

Amman 
Airport 

Mafraq Safawi-
H5 

QAI 
Airport 

Ma'an Jafir Zarqa Wadi 
Dhuleil 

Qatraneh Azraq Ruwashid-
H4 

1980 1.16 1.2 1.2 1.12 1.09 0.85 0.89 1.18 1.13 1.04 1.24 1.07 1.01 1.25 0.92 1.12 1.21 1.23 0.48 1.38 1.08 
1981 1.19 1.19 1.27 1.22 1.23 1.13 1.02 1.27 1.19 1.08 1.22 1.17 1.13 1.22 1.19 1.16 1.2 1.21 0.73 1.13 1.14 
1982 1.37 1.37 1.38 1.34 1.38 1.31 1.21 1.41 1.25 1.31 1.36 1.19 1.32 1.37 1.33 1.18 1.35 1.36 1 1.33 1.43 
1983 1.32 1.32 1.23 1.29 1.33 1.32 1.22 1.42 1.2 1.25 1.3 1.14 1.25 1.29 1.27 1.18 1.28 1.29 1.01 1.26 1.33 
1984 1.06 1.06 1.20 1.13 1.13 1.06 1.07 1.28 1.14 1.06 1.11 1.08 1.1 1.1 1.16 1.12 1.17 1.07 1.26 1.05 1.25 
1985 1.16 1.16 1.08 1.15 1.15 1.15 1.06 1.29 1.13 1.09 1.13 1.13 1.17 1.13 1.11 1.16 1.25 1.21 1.27 1.13 1.19 
1986 1.13 1.13 1.28 1.11 1.12 1.14 1 1.22 0.95 1 1.09 1.02 0.94 1.02 1.03 1.01 1.02 0.96 1.05 0.95 0.92 
1987 1.2 1.2 1.00 1.17 1.11 1 0.94 1.26 1.01 1.05 1.03 1.02 0.99 1.08 1 1.01 1.02 1.04 1.16 1 0.9 
1988 1.21 1.21 1.22 1.17 1.31 1.17 0.92 1.34 1.07 1.14 1.16 1.13 1.14 1.26 1.25 1.17 1.13 1.03 1.27 1.07 1.15 
1989 1.21 1.21 1.18 1.15 1.27 1.29 1.03 1.34 1.19 1.11 1.15 1.08 0.91 1.16 1.15 1.12 1.15 1.17 1.31 1.07 1.22 
1990 1.18 1.18 1.07 1.16 1.18 1.1 1.07 1.21 1.13 1.12 1.15 1.07 1.07 1.12 1.07 1.06 1.14 1.15 1.17 1.13 1 
1991 1.05 1.05 1.20 1.16 1.18 1.14 1.03 1.28 1.07 1 1.11 1.07 1.01 1 0.95 1.01 1.14 1.16 1.16 1.07 1.07 
1992 1.37 1.37 1.07 1.42 1.41 1.35 1.31 1.45 1.25 1.36 1.39 1.19 1.33 1.31 1.36 1.18 1.37 1.38 1.38 1.34 1.44 
1993 1.07 1.07 0.94 1.17 1.17 0.99 0.94 1.12 1.01 1.11 1.15 1.18 1.13 1.14 1.01 1.06 1.15 1.16 1.03 1.13 1.22 
1994 1.01 1.01 1.07 0.98 1.16 1.1 0.96 1.04 1.13 1.02 1.05 0.95 0.91 1.04 1.12 1.11 1.03 0.85 1.12 0.98 1.04 
1995 1.04 1.04 1.07 1.09 1.03 1.18 0.87 0.99 1.19 1.05 1.01 1.13 0.94 1.06 0.93 1 1.13 1.02 1.09 0.93 0.99 
1996 1.01 1.01 0.89 1.07 1 0.93 0.77 0.83 1.01 1.02 0.97 0.89 0.82 0.96 0.94 0.88 0.83 0.84 0.98 0.83 0.88 
1997 1.22 1.22 1.18 1.19 1.19 1.27 0.92 1.1 1.13 1.15 1.17 1.02 1.16 1.17 1.11 1.01 1.1 1.11 1.11 1.1 1.1 
1998 0.84 0.84 0.79 0.83 0.82 0.56 0.61 0.65 0.87 0.8 0.66 0.89 0.66 0.81 0.65 0.81 0.66 0.58 0.66 0.66 0.69 
1999 0.58 0.58 0.62 0.82 0.57 0.72 1.01 0.72 0.87 0.78 0.66 0.95 0.67 0.57 0.81 0.94 0.75 0.68 0.75 0.83 0.35 
2000 1.02 1.02 1.12 1 0.99 1.05 1.13 0.98 1.01 1.04 0.98 1.01 0.99 0.98 1.06 1.06 1.06 1.01 1.07 1.06 1.06 
2001 0.34 0.34 0.79 0.57 0.58 0.73 1.03 0.31 0.94 0.86 0.57 0.75 0.75 0.74 0.82 1 0.96 0.77 0.9 0.89 0.79 
2002 0.71 0.71 0.79 0.83 0.84 0.74 1.14 0.86 0.87 0.89 0.85 0.95 0.84 0.83 0.85 0.94 0.82 0.86 0.84 0.85 0.72 
2003 0.8 0.8 0.71 0.85 0.85 0.89 1.09 0.82 0.79 1.08 1.1 1.07 1.1 1.11 1.12 0.94 1.07 1.13 1.03 1.04 0.96 
2004 0.96 0.96 0.98 0.77 0.93 1.03 1.01 0.74 0.79 0.94 0.98 1.01 0.97 0.83 0.98 1 0.89 1 0.98 0.97 0.51 
2005 1.09 1.09 0.90 1.05 0.97 1.03 1 0.82 1.01 1.09 1.04 1.07 1.1 1.04 1.1 0.94 0.96 1.07 1.04 1.05 0.96 
2006 1.2 1.2 1.05 1.06 0.78 0.98 1.03 0.91 0.87 0.99 1.05 0.88 1 0.77 0.93 0.82 0.9 1.02 0.94 1 0.63 
2007 0.58 0.58 0.89 0.77 0.77 0.98 1 0.66 0.94 0.75 0.76 0.95 0.83 0.83 0.98 1.05 0.66 0.77 0.84 0.84 0.88 
2008 0.86 0.86 0.72 0.75 1.02 0.99 1.13 0.83 0.94 0.86 0.88 0.89 1.03 0.73 1.02 1.06 0.74 0.76 0.89 0.76 0.82 
2009 0.88 0.88 0.79 0.89 0.9 1 0.28 0.86 0.79 1 0.9 1.06 1.21 0.9 1.09 0.94 0.87 0.85 1.15 1.2 1.02 
2010 0.3 0.3 0.33 0.29 0.28 0.28 1.13 0.27 0.6 0.27 0.29 0.33 0.3 0.29 0.28 0.33 0.28 0.3 0.29 0.3 0.3 
2011 0.95 0.95 0.90 1.02 1 0.98 0.82 1.03 0.94 1 0.99 1.02 1.07 1.01 1.06 1.06 0.91 1.01 1.09 1.01 0.74 
2012 0.68 0.68 0.68 0.67 0.66 0.66 0.82 0.65 0.86 0.64 0.65 0.82 0.67 0.68 0.67 0.66 0.63 0.67 0.66 0.66 0.71 
2013 0.85 0.85 0.86 0.97 0.82 0.95 1.07 0.82 0.94 1.06 0.95 1.01 1.02 0.99 0.83 1 0.93 1.05 1.08 0.97 0.97 
2014 0.77 0.77 0.35 0.56 0.57 0.81 0.99 0.92 0.61 0.96 0.65 0.89 0.96 0.97 0.66 0.88 0.98 0.83 0.66 0.83 0.8 
2015 0.82 0.82 0.92 0.73 0.82 0.88 0.89 0.81 0.79 0.77 0.87 0.82 0.82 0.88 0.8 0.81 0.87 0.9 0.82 0.81 0.85 
2016 0.46 0.46 0.48 0.54 0.56 0.55 0.85 0.54 0.7 0.69 0.55 0.67 0.86 0.55 0.56 0.74 0.53 0.57 0.73 0.45 0.49 
2017 1.9 1.9 1.97 1.64 1.59 1.4 1.49 1.46 1.24 1.37 1.56 1.04 1.53 1.54 1.52 1.03 1.57 1.58 1.59 1.58 3.14 

 

No drought >1.0  Mild 1.0 – 0.8  Moderate 0.8 – 0.6  Severe 0.6 – 0.4  Extreme <0.4 
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Table 16.. VDI values per station calculated on an annual basis. 

Name Baqoura 
Dair 
Alla 

Ghor 
Es-
Safi 

Irbid 
Er-

Rabbah Shoubak Tafieleh Sult Aqaba 
Ras 

Muneif 
Amman 
Airport Mafraq 

Safawi-
H5 

QAI 
Airport Ma'an Jafir Zarqa 

Wadi 
Dhuleil Qatraneh Azraq 

Ruwashid-
H4 

1980 1.07 0.78 0.4 0.64 0.93 0.99 1.22 0.72 1.24 0.86 1.36 0.87 1.3 1.05 1.27 1.21 1.09 0.68 1.26 1.07 1.08 
1981 1.09 0.83 0.3 0.91 1.19 1.02 1.3 0.95 1.21 0.87 1.38 0.95 1.24 1.11 1.27 1.24 1.12 0.89 1.29 1.14 1.09 
1982 1.03 1.03 0.65 0.83 0.82 0.84 1.16 0.94 1.19 0.84 1.3 0.85 1.32 0.98 1.2 1.13 0.94 0.74 1.25 0.9 1.04 
1983 1.28 1.28 0.61 1.07 1.2 1.27 1.39 1.06 1.15 0.96 1.5 1.12 1.31 1.25 1.25 1.2 1.42 1.17 1.31 1.1 1.1 
1984 0.88 0.88 0.47 1.05 1.03 0.99 1.21 1.17 1.22 1.12 1.3 0.81 1.02 1.3 1.27 1.18 1.04 0.63 1.16 1.22 0.99 
1985 0.4 0.4 0.61 1.09 0.91 0.81 1.15 0.59 1.13 0.56 1.26 0.93 1.25 0.65 1.18 1.16 1.16 0.99 1.14 1.06 0.94 
1986 0.96 0.96 0.82 0.27 0.67 0.94 1.16 0.78 1.27 0.68 1.03 0.77 1.22 0.46 1.23 1.04 0.89 0.48 1.12 0.62 0.89 
1987 1.22 1.22 0.62 1.07 1.25 0.78 0.95 1.01 1.16 1.14 1.39 1.27 1.27 1.32 1.23 1.12 1.26 1.2 1.14 0.83 1 
1988 1.27 1.27 0.22 1.07 1.42 1.07 1.17 0.88 1.2 1.04 1.23 1.16 1.16 1.26 1.14 0.63 1.18 0.89 1 1.18 0.86 
1989 0.78 0.78 0.61 0.65 0.64 0.49 0.96 0.33 0.45 0.76 0.79 0.83 0.93 0.96 0.81 0.61 0.71 0.49 0.83 1.18 0.38 
1990 0.93 0.93 0.27 1.26 1.32 0.8 1.26 0.88 1.05 1 1.06 1.15 1.34 1.08 1.16 1.09 0.84 0.51 1.11 1.02 0.92 
1991 0.88 0.88 0.85 1.05 1.03 1.16 1.29 0.84 1.21 0.91 1.26 1.08 1.38 1.16 1.23 1.15 1.06 0.67 1.16 1.19 0.69 
1992 1.13 1.13 0.61 0.98 1.15 1.05 1.32 0.8 1.1 0.79 1.21 1.22 1.22 1.28 1.25 1.11 1.22 1.09 1.29 1.19 0.86 
1993 1.29 1.29 0.60 0.79 1.05 1.02 1.33 0.9 1.09 1.11 1.2 1.1 1.34 0.99 1.11 1.08 1.17 0.84 1.13 1.2 1 
1994 1.24 1.24 0.67 1.15 1.38 1.21 1.44 1.01 1.19 0.79 1.41 0.73 1.11 1.09 1.21 1.1 1.18 0.92 1.31 1.16 0.81 
1995 1.22 1.22 0.67 1.1 1.11 1.21 1.31 1.26 1.22 1.08 1.17 1.34 1.23 1.17 1.28 1.22 1.27 1.07 1.16 1.14 1.12 
1996 1.12 1.12 0.66 0.71 0.84 0.97 1.17 0.88 1.21 1.1 1.19 0.89 1.2 1.09 1.14 1.1 0.94 0.89 0.81 1.35 1.03 
1997 0.97 0.97 0.82 1.2 1.27 1.02 1.16 1.13 1.3 1.12 1.36 1.12 1.38 1.12 1.18 1.21 1.32 1.07 1.15 1.2 1.12 
1998 1.22 1.22 0.86 1.17 1.48 1.12 1.08 1.11 1.2 1.21 1.39 1.17 1.32 1.14 1.19 0.98 1.28 1.11 1.12 1.26 1.12 
1999 1.19 1.19 0.99 0.73 1.17 0.98 1.19 0.89 1.44 0.82 1.22 0.98 1.29 0.85 1.28 1.01 0.86 0.77 1.04 1.06 1.13 
2000 0.93 0.93 1.30 0.52 0.51 0.29 0.36 0.32 0.4 0.34 0.27 0.27 0.42 0.22 0.77 0.72 0.33 0.89 0.27 0.99 1.01 
2001 1.34 1.34 1.45 1.28 1.32 1.28 0.95 1.36 0.28 1.22 1.01 0.75 1.04 1.39 0.77 0.32 1.03 1.19 0.28 0.78 1 
2002 0.83 0.83 1.38 1.26 1.32 1.13 0.68 1.22 0.65 1.08 0.71 1.12 0.67 1 0.7 1 0.85 1.29 0.74 1.1 1.12 
2003 1.24 1.24 1.43 1.28 0.45 1.11 0.93 1.09 0.65 1.18 0.86 1.63 0.83 1.74 0.7 0.95 1.34 1.38 0.93 1.13 1.11 
2004 0.98 0.98 1.46 1.19 1.22 1.27 0.76 1.08 0.95 1.07 0.87 1.25 0.83 0.79 0.7 0.74 1.11 1.33 0.73 1.1 1.09 
2005 0.99 0.99 1.49 1.26 1.1 1.35 1.03 1.18 0.83 1.26 0.88 1.11 0.82 1.33 0.44 0.73 0.97 1.14 0.88 1.14 1.01 
2006 1.52 1.52 1.58 1.47 1 0.92 0.26 1.47 1.07 1.28 0.9 0.79 1.04 0.67 0.85 0.56 1.14 0.99 0.84 0.97 1.13 
2007 1.11 1.11 1.43 1.14 0.81 1.16 1.07 1.28 0.78 1.13 0.61 0.65 0.81 1.1 0.85 1 0.84 0.85 1.12 0.97 1.12 
2008 0.68 0.68 1.44 0.54 0.45 0.88 0.65 0.92 0.83 0.89 0.5 0.77 0.29 0.43 0.85 0.95 0.55 0.89 1.03 0.98 1.12 
2009 1.03 1.03 1.42 1.23 0.87 0.81 0.79 1.13 0.65 1.14 0.74 0.72 0.29 0.64 0.85 0.99 0.71 0.94 0.9 0.95 1.12 
2010 0.79 0.79 1.48 1.3 1.21 1.2 0.66 1.37 0.88 1.18 0.87 1.18 0.29 1.13 0.85 1.07 1.21 1.48 1.05 0.72 1.13 
2011 0.8 0.8 1.48 1.38 0.64 0.92 0.65 1.28 1.04 1.33 0.62 1.14 0.51 0.66 0.85 1.08 0.89 1.4 0.98 0.84 1.12 
2012 0.6 0.6 1.37 1.14 0.77 0.29 0.58 0.91 0.92 1.1 0.5 1.12 0.29 0.67 0.62 1.08 0.32 1.18 0.59 0.64 1.04 
2013 0.26 0.26 1.29 0.78 0.41 0.89 0.58 0.84 0.94 1.07 0.47 1.1 0.51 0.7 0.69 1.08 0.72 1.16 1.01 0.93 1.01 
2014 1.14 1.14 1.52 0.95 1.3 1.17 1.14 0.91 1.07 0.85 0.85 1.06 1.05 0.92 1.13 1.16 0.79 1.02 0.98 0.94 1.13 
2015 1.22 1.22 1.57 1.25 1.29 1.28 1.27 1.31 1.08 1.15 1.07 1.26 1.06 1.44 1.12 1.18 1.19 1.42 1.11 0.86 1.06 
2016 1.31 1.31 1.78 0.81 1.13 1.49 0.98 1.48 1.06 1.24 0.91 1.24 1.2 1.51 0.92 1.05 1.27 1.55 0.98 0.84 1.11 
2017 0.57 0.57 0.70 0.36 0.26 0.58 0.38 0.56 0.47 0.46 0.32 0.54 0.51 0.66 0.4 0.37 0.55 0.67 0.42 0.19 0.41 

 

No drought >1.0  Mild 1.0 – 0.8  Moderate 0.8 – 0.6  Severe 0.6 – 0.4  Extreme <0.4 
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To illustrate the monthly variation in the three indices used, the PDI, TDI, and NDVI 

values for Er Rabba station are presented in Figure 16 as an example of a stational point. Er 

Rabba represent a highland that exit at southern Jordan near Karak governorate. The area 

represents an agricultural area for rainfed productions of cereals and trees. The PDI magnitudes 

vary from 0.2 to 2.8, with the majority lying below the critical threshold of 1.0; the smaller the 

index, the more severe the drought. The peaks illustrate monthly variability, which does not 

reflect the long term average, instead indicating small periodic events or lags. The monthly PDI 

suggests that precipitation droughts are highly temporal with magnitude changes from one 

month to another.  

The variability in TDI is less scattered than that of PDI in terms of affected years. The 

temperature indicator seems to have more a homogenous pattern that started to show its impacts 

after 1998. Both magnitude and severity have become more obvious over the last decade, and 

the drought peaks repeat every two to three years, suggesting that temperature drought is 

becoming more common with its concomitant temperature excesses and persistence of high 

temperature impacts. 

The VDI time series variability also seems to have a repeating pattern with a cyclic manner 

and impact. The magnitude and amplitude of the cycle is variable with time, becoming more 

frequent in the last decade. The VDI pattern mimics the pattern seen in PDI but with variable 

magnitudes. The VDI figure for Er Rabba suggests the presence of other factors rather than 

rainfall and temperature that controls the VDI variability over the seasons and years. These 

factors could be the non tested meteorological variables as humidity and wind speed, or 

hydrological factors such as soil moisture level. At the same time, agriculture management 

could be also a reason for the variation in VDI as disease, soil fertility status, etc. 

Temporal variability analysis by month indicates that PDI is most likely to go below a 

value of 1 and head towards a value less than 0.4 (i.e. move from mild to extreme drought 

conditions) during the start and end of the rainfall seasons (especially October, April and May) 

(Figure 18). This coincides with the results obtained from the shift indicated by the SPI analyses 

on quarter scales. 
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Figure 17. Time Series Variability in PDI, TDI, and VDI at Er Rabba Station. 

 

 
Figure 18. Drought Indices' Variability by Month. 
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6.3.2 Combined Drought Indicators’ Time Series Variability  
Based on CDI calculations using equation (13), the CDI magnitudes were generated as 

presented in Table 17. Following the selected drought categorization methodology (Table 3), 

the CDI values were categorized into non-drought, mild, moderate, severe, and extremely 

severe cases. Throughout study (1980 to 2017), no single extreme drought case was presented 

on an annual basis; these were all presented on a seasonal basis. This might indicate that it is 

better to investigate such impacts seasonally, at station level, rather than annually at the national 

level.  

As the PDI had more weight than the TDI and VDI, the variability of the CDI was generally 

similar to that of the PDI, with changes only when the TDI and VDI values demonstrated an 

extreme opposite effect. 

The generated yearly CDIs from 1980 to 1999 indicate that the CDI ranged from non-

drought to mild-drought, with a few stations being characterized by moderate-drought as at 

Ghores Safi, Tafieleh, Zarqa, Wadi Dhuleil, and QAI Airport (Figure 18 and Table 17). After 

1999, the CDI values dropped below the threshold for drought, ranging from mild to severe 

drought mainly because of the effect of TDI. 

The variability in monthly CDI at each meteorological station is presented in Figure 6. The 

time series variability for each station provides a clear indication of the drought characteristics 

and provides more flexibility for analysing the various lengths of drought duration. The short 

term drought events are increasing in number over time, and the severity of long term droughts 

is also increasing over time. 

Drought trends or patterns in time series CDI variations vary by station, indicating unique 

drought characteristics for each location. Monthly CDI is recommended for detailed 

investigations at a local scale to develop an understanding of the drought impacts or threats on 

various sectors during short term drought events. However, it is better to use seasonal, yearly 

CDI for long-term monitoring programs. Besides, more severe droughts that cause wide-

ranging impacts and national catastrophes are better investigated or illustrated using annual 

basis CDI.  It is also important to highlight that the CDI does not measure the physical 

parameters of either vegetation or soil, and it does not attempt to simulate either physical 

phenomena or the water balance. The CDI is simply a statistical index that measures how much 

the present conditions deviate from the reference level, set as the multi-year long-term average 

for the interest period. 



59 

Table 17. CDI values per station calculated on an annual basis. 

Name Baqou
ra 

Dair 
Alla 

Ghor 
Es-Safi 

Irbid 
Er-

Rabba
h 

Shoub
ak 

Tafiele
h 

Sult Aqaba 
Ras 

Munei
f 

Amma
n 

Airport 

Mafra
q 

Safawi
-H5 

QAI 
Airport 

Ma'an Jafir Zarqa Wadi 
Dhuleil 

Qatran
eh 

Azraq Ruwas
hid-H4 

1980 1.19 1.15 1.1 1.12 1.22 1.22 1.55 1.09 1.47 0.95 1.54 1.32 1.34 1.47 1.5 1.7 1.42 1.33 0.84 1.05 0.89 
1981 0.96 0.85 0.7 0.85 0.92 0.83 0.72 0.98 0.9 0.83 0.94 0.91 0.83 0.75 0.71 0.7 0.74 0.77 0.6 0.89 0.75 
1982 1.23 1.23 1.06 1.14 1.3 1.64 1.38 1.09 1.68 1.1 1.27 1.26 1.58 1.35 1.31 1.25 1.26 1.4 1.33 1.43 2.37 
1983 1.34 1.34 0.68 1.13 1.16 1.14 1.12 1.42 0.89 1.06 1.49 1.07 0.81 1.21 0.99 0.92 1.28 1.21 0.95 0.77 0.91 
1984 0.85 0.85 1.15 1.23 1.01 0.78 1.03 1.14 0.83 0.99 1.05 0.97 0.84 1.1 0.84 0.74 0.88 0.94 1.09 0.99 1.1 
1985 0.82 0.82 1.08 0.99 1.13 1.3 1.3 1 1.3 0.79 1.15 1.02 1.17 1.07 1.34 1.64 1.06 1.04 1.33 1.32 0.99 
1986 1.3 1.3 1.09 1.13 0.89 0.97 0.97 1.26 1.34 1.32 1.09 1.08 1.14 0.88 1.12 1.24 1.22 1.09 1.05 0.89 0.95 
1987 0.92 0.92 1.17 1.01 0.91 0.8 0.74 0.98 1.77 1.11 1.06 1.08 0.88 1.13 0.99 1.96 1.13 1.13 1.21 1.02 1.09 
1988 1.2 1.2 0.72 1.15 1.48 1.53 1.5 1.16 1.3 1.29 1.58 1.54 2.36 1.41 1.99 1.82 1.82 1.47 1.49 1.87 1.56 
1989 0.93 0.93 1.09 0.71 1.12 0.81 0.75 0.87 1.05 0.84 0.64 0.85 0.78 0.77 0.96 1.09 0.74 0.77 0.89 1.04 0.68 
1990 0.9 0.9 1.14 1.02 1.04 0.95 0.99 0.88 1.58 0.88 0.99 1.02 1.49 1.05 1.06 1.04 0.87 0.91 1.09 1.52 1.06 
1991 1.52 1.52 0.94 1.32 1.69 1.78 1.58 1.69 1.26 1.34 1.42 1.49 1.58 1.16 1.24 1.17 1.25 1.33 1.21 1.64 0.89 
1992 1.56 1.56 1.08 1.64 1.55 1.51 1.41 1.47 0.96 1.58 1.71 1.46 1.06 1.5 0.98 0.86 1.49 1.4 1.3 1.07 1.3 
1993 0.8 0.8 1.31 0.77 0.92 0.76 0.72 0.76 1.32 0.84 1.03 0.82 0.99 0.93 1.22 1.04 0.86 0.72 1.03 0.99 1.08 
1994 1.38 1.38 0.66 1.23 1.39 1.54 1.67 1.41 1.69 1.24 1.39 1.45 1.15 1.34 1.77 1.57 1.47 1.17 1.3 1.42 1.41 
1995 0.69 0.69 0.66 0.82 0.65 0.99 0.73 0.69 0.94 0.79 0.67 0.82 1.07 0.72 0.88 0.86 0.69 0.66 0.66 0.82 0.94 
1996 1.09 1.09 0.80 0.88 0.92 0.97 0.86 0.92 0.68 1.03 1.1 1.02 1.28 1.09 1.12 1.13 0.97 1.04 0.96 0.74 1.09 
1997 1.62 1.62 1.26 1.26 1.22 1.13 1.27 1.16 1.33 1.47 1.29 1.2 1.29 1.27 1.47 1.16 1.29 1.32 1.03 1.19 1.22 
1998 0.83 0.83 0.92 0.88 0.91 0.89 0.69 0.67 0.73 0.91 0.8 0.85 0.83 0.65 1.06 0.82 0.8 0.76 0.99 0.97 0.76 
1999 0.57 0.57 0.77 0.52 0.69 0.66 0.81 0.54 1.1 0.5 0.6 0.66 0.73 0.53 0.77 0.76 0.53 0.49 0.54 0.73 0.52 
2000 1.24 1.24 0.95 0.85 0.7 0.64 0.96 0.82 0.64 0.91 0.77 0.78 0.52 0.86 0.67 0.56 0.85 1.06 0.71 0.71 0.83 
2001 0.86 0.86 0.93 0.78 0.99 0.98 1.42 0.77 0.65 0.89 0.85 0.93 0.94 1.02 1 1.12 0.91 0.88 1.13 0.79 1.03 
2002 1.08 1.08 1.17 1.3 1.29 1.23 0.69 1.26 0.82 1.17 1.05 1.31 1.18 1.19 0.74 1.08 1.22 1.14 1.09 0.97 0.99 
2003 1.13 1.13 0.96 1.47 0.64 0.7 1.16 1.05 0.6 1.34 1.12 1.26 1.17 1.22 0.67 0.64 1.23 1.26 0.98 1.27 1.13 
2004 0.89 0.89 1.70 1 1.12 1.14 0.68 0.86 0.61 0.94 0.85 0.91 0.77 0.78 1.01 0.58 0.86 0.92 1.06 1.12 0.9 
2005 0.92 0.92 1.02 1.08 0.86 0.84 1.11 1.08 0.59 1.18 0.93 0.98 0.89 0.97 0.55 0.72 0.86 0.87 0.81 1.13 0.98 
2006 1.26 1.26 1.16 1.08 1.07 1.02 0.7 1.02 0.78 0.96 0.87 0.73 0.78 0.82 0.9 0.87 1 0.91 1.39 0.72 0.91 
2007 0.78 0.78 0.87 0.93 0.89 0.91 0.97 0.99 0.67 1.04 0.91 0.62 0.63 1.02 0.92 0.8 0.84 0.75 0.98 0.73 1.15 
2008 0.69 0.69 0.75 0.58 0.69 0.74 0.92 0.69 0.61 0.82 0.7 0.66 0.68 0.59 0.83 0.83 0.67 0.68 0.85 0.69 0.73 
2009 0.95 0.95 0.71 1.27 0.79 0.67 0.81 1.15 0.48 1.13 0.86 0.93 0.58 0.87 0.75 0.61 0.94 0.9 0.89 0.83 0.64 
2010 0.52 0.52 0.75 0.7 0.86 0.69 0.97 0.72 0.99 0.6 0.72 0.64 0.76 0.81 0.82 0.73 0.84 0.78 0.79 0.83 1.12 
2011 0.87 0.87 1.17 1.16 0.67 0.8 0.75 1.03 0.74 1.17 0.82 1.09 0.69 0.84 0.59 0.8 0.97 1.11 0.79 0.78 0.88 
2012 0.83 0.83 0.79 1.08 0.86 0.51 0.73 1.14 0.99 1.01 0.77 1.01 0.47 0.83 0.69 0.68 0.66 0.93 0.56 0.61 0.62 
2013 0.94 0.94 0.87 1.16 1.12 1.03 0.79 1.07 0.95 1.03 0.97 1.06 0.82 1.05 0.88 1 0.9 1.05 1.01 0.65 1.16 
2014 1.02 1.02 1.48 0.72 0.94 1.06 1.17 0.94 1.32 0.85 0.83 1.02 0.94 1.03 1.21 1.1 0.98 1.04 1.06 0.79 1.12 
2015 1.03 1.03 1.77 0.97 1.16 1.24 1.14 1.02 1.11 0.88 1.12 1.1 1.43 1.12 1.24 1.58 1.23 1.37 1.28 1.57 0.86 
2016 0.97 0.97 1.01 0.76 1.07 1.26 1.21 1.04 1.46 1.02 0.9 0.94 1.11 1.19 1.2 1.15 1.01 0.97 1.28 1.25 0.89 
2017 0.7 0.7 0.78 0.59 0.64 0.68 0.54 0.59 0.73 0.52 0.57 0.49 1.03 0.73 0.61 0.57 0.66 0.75 0.81 0.85 1.14 

 

No drought >1.0  Mild 1.0 – 0.8  Moderate 0.8 – 0.6  Severe 0.6 – 0.4  Extreme <0.4 
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Figure 19. Monthly CDI variability over time from 1980 to 2017 by station. 
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6.3.3 Temporal Variability of Combined Drought Indicators 
The four drought indices for 1, 2, 3, 6, and 12-month timescales were temporally analysed 

using linear regression. The linear trend analysis indicated that all drought indicators seemed 

to decrease significantly by time in terms of the drought index value. As drought severity 

increases as drought index values decrease in magnitude, this suggests that the four droughts’ 

severities increased with time. The rate of drought severity increase varied from as low as 0.001 

per year for VDI, to 0.008 per year for both PDI and CDI (Table 18). The significance, and 

thus the confidence, level of the linear trends were enhanced when the timescale were amended 

from 12 months to 1 month, mainly due to the increase in the number of samples. This illustrates 

the importance of sampling periods in drought monitoring programmes, and highlights that 

more granular timescales are always preferred.  

 
Table 18. Linear trend analyses for drought indices at different timescales. 

Timescale 
Drought 

Index 
Equation R2 

Root Mean 
Square 
Error 

Prob>F 

12 

PDI PDI = 16.30 - 0.008*Year 0.0265 0.493 <.0001** 
TDI TDI = 28.68 - 0.015*Year 0.4123 0.1770 <.0001** 
VDI VDI = 3.22 - 0.001*Year 0.0019 0.274 0.2301 
CDI CDI = 16.08 - 0.008*Year 0.0823 0.269 <.0001** 

6 

PDI PDI = 1.75 - 2.3e-10*Date 0.0137 0.665 <.0001** 
TDI TDI = 2.20 - 4.1e-10*Date 0.2894 0.219 <.0001** 
VDI VDI = 1.36 - 1.2e-10*Date 0.0181 0.287 <.0001** 
CDI CDI = 1.77 - 2.5e-10*Date 0.0520 0.358 <.0001** 

3 

PDI PDI = 1.39 - 1.1e-10*Date 0.0026 0.765 0.0048* 
TDI TDI = 2.13 - 3.9e-10*Date 0.1971 0.267 <.0001** 
VDI VDI = 1.15 - 4.6e-11*Date 0.0027 0.298 0.0040** 
CDI CDI = 1.52 - 1.7e-10*Date 0.0191 0.403 <.0001** 

2 

PDI PDI = 1.48 - 1.4e-10*Date 0.0030 0.885 0.0002** 
TDI TDI = 2.05 - 3.6e-10*Date 0.1692 0.271 <.0001** 
VDI VDI = 1.16 - 4.9e-11*Date 0.0031 0.298 0.0001** 
CDI CDI = 1.54 - 1.8e-10*Date 0.0162 0.461 <.0001** 

1 

PDI PDI = 1.53 - 1.6e-10*Date 0.0031 0.892 <.0001** 
TDI TDI = 2.00 - 3.6e-10*Date 0.1522 0.282 <.0001** 
VDI VDI = 1.16 – 5.2e-11*Date 0.0033 0.302 <.0001** 
CDI CDI = 1.55 - 1.9e-10*Date 0.0167 0.452 <.0001** 

* represents significant trends at 95% probability level, ** represents significant trends at 99% 
probability level, the date variable represents a continuous number that expressed in year, 
month, day, time, hour, second. 
6.3.4 Spatial Variability of Combined Drought Indicators 

The spatial variability of CDIs was mapped using a Krig interpolation technique for 1, 2, 

3, 6, and 12 month timescales. The spatial modelling of the CDI for most years was log-

normally distributed with a direction of influence of around 20 to 80 degrees in terms of non-

isotropic behaviour (Figure 19). 
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Figure 19. Typical semivariogram developed for CDI using an exponential model for non-
isotropical behaviour. 

The generated Krig CDI maps provide better interpolation and visualisation of the 

droughts' extent (Figure 20). Unlike PDI, the CDI maps indicate that there is no national severe 

drought affecting the country. National mild to moderate droughts were evident in 1981, 1998, 

1999, 2000, and 2008, while severe local droughts were detected in 1999 and 2017 in the 

northern part of the country, in 2009 in the southern part of the country, and in 2012 in the 

eastern part of the country.  

The potential drought events' occurrence at local scale within the mild to moderate drought 

categories is about 70% in all investigated years. The ratio of annual droughts to no-drought 

cases is an indication of repeatable patterns of drought occurrence. The spatial extent of drought 

impact, drought severity, and drought incidence increases with time, especially after 1998. 

6.3.5 Applicability of the Combined Drought Indicator 
Using a single index to study global trends for all drought types is impossible and 

unrealistic; thus, the use of a combined drought index to correlate all impacts on specific sectors 

is recommended. The PDI, TDI, and VDI correlation matrix using Pearson's correlation (r) was 

determined for all data regardless of the meteorological station. The matrix indicated weak to 

moderate relationships between PDI, TDI, and VDI drought indicators. The correlations varied 

from 0.063 to 0.21 (Table 19). The relationship also varies by month, with the highest 

correlations found in the three-month interval of April, May, and June. This is most likely 

because vegetation cover in Jordan is seasonal and the most extensive range appears in the 

spring season. 
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Figure 20. CDI spatial Krig maps for selected years generated using GeoSpatial 
Investigations in ArcGIS. 
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The CDI correlations with VDI, TDI, and PDI drought indicators were moderate to high, 

at 0.31, 0.37, and 0.95, respectively. This could, however, be a result of bias, as the CDI was 

estimated as a weighted regression function of the drought indicators. The high correlation with 

PDI can thus be attributed to the high weight given in equation (13).  

On the other hand, it is crucial to investigate variability between drought indicators across 

the timescale observations to identify the time and lag of variability and the correlations 

between the drought indicators. The correlation coefficients between droughts indices were 

improved when the timescale of observations was reduced from 12 months to 2 months (Table 

19). The correlation matrix highlights the timescales at which the relationships between indices 

and their effects on crop production are significant. In terms of seasonality, the wet season 

demonstrates a higher correlation of CDI, PDI, and TDI. On the other hand, the CDI correlation 

with VDI is low compared to that seen in the dry season.  

Similarly, on the basis of the three months' timescale, the highest correlations between 

CDI, PDI and TDI were revealed in the wet months at JFM and OND where most rainfall events 

occur in Jordan. On the other hand, the highest correlation between CDI and VDI occurred in 

JAS in months that represent spring in Jordan, when the vegetation cover becomes clearer, 

especially on the rangelands that cover more than 30% of the country. The two months' 

timescale supports these relationships, making it even clearer that the VDI relationship is 

effective only during spring. 

The lowest variability between TDI and VDI drought indicators exists during the March 

and April, while the highest variability is evident during the beginning of the autumn season 

(September and October). This contrasts with to PDI and CDI, where the lowest variability was 

evident during the beginning of the autumn season. Based on Figure 21, the lowest variability 

between drought indicators appears to exist at the end of the spring season (June to July), and 

the variability is maximised in September, especially for TDI and other drought indicators.  

In terms of drought indices' relationships to crop production, the relationship between 

barley yield and drought indices ranges from weak for TDI to moderate for CDI. The highest 

annual correlation was found between the CDI and barley yield (r = 0.4587). This indicates that 

applicability of the CDI is much more potent for this purpose compared to PDI, TDI, or VDI 

alone. This is most clear in cases when drought consequences in the agriculture sector are 

extreme, especially where high temperature anomalies accompany extreme precipitation 

deficits. 
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Figure 21. Drought variability per month. 

Timescale correlation analysis proves that the CDI can be used to monitor crop production 

for crops such as barley. The main factors governing barley production in Jordan include 

precipitation during the first months of the rainy season (September and October), which is 

where the highest correlation coefficient exists (r = 0.5641). It is important to note that no single 

drought index that is capable of accurately capturing the diverse set of drought impacts in all 

sectors exists. However, it remains critical to select an appropriate drought index based on the 

impacted sector's key indicators. Therefore, sensitivity analysis for a combined drought index 

should be performed before establishing any monitoring plan; as drought impacts are related to 

various factors, every index provides specific information and hence is viable for the 

monitoring of drought conditions under certain impacts. 

This study coincides with Al-Bakri et al. (2019) who concluded using the 6-months CDI 

(November-April) for the purpose of drought assessment in Jordan for rainfed crops to be more 

convenient than the use of annual CDI or CDI for periods of 3 months. However, the selection 

of the weights of PDI, TDI, and NDVI should be determined based on sensitivity analysis to 

ensure CDI effectiveness in monitoring the potential change in yields. 

Results of drought vulnerability mapping showed that the high rainfall zones in Jordan are 

the most vulnerable areas in terms of drought. The governorates of Irbid, Jarash and Ajloun 

showed severe levels of drought vulnerability resulting from their high sensitivity and exposure 

and the relatively low adaptive capacity, particularly the available water resources in relation 

to the total population. 
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Table 19. Pearson correlations between Annual Drought indicators 
  PDI TDI VDI CDI Barley Yield 

12 months 

PDI 1.0000     
TDI 0.2055 1.0000    
VDI 0.0909 -0.0631 1.0000   
CDI 0.9533 0.3725 0.3116 1.0000  

Barley Yield 0.1624 0.1256 0.2511 0.4587 1.0000 

6 months / dry 
season 

PDI 1.0000     
TDI 0.1536 1.0000    
VDI 0.1728 0.1310 1.0000   
CDI 0.8472 0.3563 0.4206 1.0000  

Barley Yield 0.0921 0.1044 0.2822 0.2515 1.0000 

6 months / wet 
season 

PDI 1.0000     
TDI 0.1881 1.0000    
VDI 0.0892 0.0017 1.0000   
CDI 0.9727 0.3423 0.2497 1.0000  

Barley Yield 0.2423 0.1427 0.1421 0.5244 1.0000 

3 months / JFM 

PDI 1.0000     
TDI 0.2546 1.0000    
VDI 0.0725 -0.0447 1.0000   
CDI 0.9521 0.4204 0.2999 1.0000  

Barley Yield 0.2357 0.1549 0.1654 0.3147 1.0000 

3 months / AMJ 

PDI 1.0000     
TDI 0.0640 1.0000    
VDI -0.0116 0.0907 1.0000   
CDI 0.9796 0.1969 0.1496 1.0000  

Barley Yield 0.2815 0.1165 0.1024 0.5474 1.0000 

3 months / JUS 

PDI 1.0000     
TDI -0.0076 1.0000    
VDI -0.0078 0.0183 1.0000   
CDI 0.8376 0.4442 0.3106 1.0000  

Barley Yield 0.0746 0.1978 0.2147 0.2167 1.0000 

3 months / ONS 

PDI 1.0000     
TDI 0.1375 1.0000    
VDI 0.0780 0.0009 1.0000   
CDI 0.9804 0.2679 0.2187 1.0000  

Barley Yield 0.3147 0.1349 0.1574 0.5265 1.0000 

2 months / JF 

PDI 1.0000     
TDI 0.2113 1.0000    
VDI -0.0215 -0.0861 1.0000   
CDI 0.9622 0.3555 0.1888 1.0000  

Barley Yield 0.2745 0.1847 0.1024 0.4951 1.0000 

2 months /MA 

PDI 1.0000     
TDI 0.1215 1.0000    
VDI 0.1028 0.1758 1.0000   
CDI 0.9721 0.2806 0.2916 1.0000  

Barley Yield 0.1868 0.1244 0.1741 0.3535 1.0000 

2 months /MJ 

PDI 1.0000     
TDI 0.1395 1.0000    
VDI -0.0703 0.0449 1.0000   
CDI 0.9606 0.2777 0.3730 1.0000  

Barley Yield 0.0441 0.1341 0.2164 0.2122 1.0000 

2 months /JA 

PDI 1.0000     
TDI -0.0572 1.0000    
VDI -0.0281 0.0285 1.0000   
CDI 0.4213 0.7248 0.5178 1.0000  

Barley Yield 0.1414 0.2451 0.2674 0.1518 1.0000 

2 months /SO 

PDI 1.0000     
TDI -0.0459 1.0000    
VDI 0.0648 -0.1602 1.0000   
CDI 0.9885 0.0517 0.1633 1.0000  

Barley Yield 0.4258 0.0574 0.1521 0.5641 1.0000 

2 months / ND 

PDI 1.0000     
TDI 0.2426 1.0000    
VDI 0.0362 0.1052 1.0000   
CDI 0.9802 0.3753 0.1868 1.0000  

Barley Yield 0.4145 0.1847 0.1644 0.5321 1.0000 

Red colour is high correlated, Blue colour is moderately correlated, while black colour is weakly correlated. 
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6.3.6 Groundwater Vulnerability Mapping using CDI 
Since drought in Jordan is a temporal and spatial phenomenon that varies by location 

(station) and year of impact, it is thus inconvenient to measure the average CDI magnitudes for 

all years (drought and non-drought years), as this would likely be around 1. To indicate the 

exact probability of drought events in each drought category, drought probabilities were thus 

determined for each station by taking into account the number of events in each category 

divided by total drought events (Table 20). Results indicate that the most common or frequent 

occurring droughts range from mild to moderate in category, as indicated by the highest 

probability, while severe and extreme droughts are rare. 

Table 20. Probability of drought occurrence at each station 

ID Station 

Probability of 
drought occurrence 

(drought events / 
number of years) 

Probability of drought under different category 
(drought event per category/ total drought events) * 

Mild Moderate Severe Extreme 

1 Baqura 0.54 0.55 0.40 0.05 0.00 

2 Dier Alla 0.51 0.42 0.47 0.11 0.00 

3 Ghor Safi 0.54 0.70 0.25 0.05 0.00 

4 Irbid 0.49 0.67 0.22 0.06 0.06 

5 Er Rabaa 0.46 0.41 0.47 0.12 0.00 

6 Shoubak 0.51 0.47 0.47 0.05 0.00 

7 Tafileh 0.51 0.58 0.42 0.00 0.00 

8 Salt 0.51 0.58 0.32 0.11 0.00 

9 Aqaba 0.54 0.30 0.55 0.10 0.05 

10 Ras Munf 0.51 0.68 0.26 0.05 0.00 

11 Amman 0.43 0.38 0.38 0.25 0.00 

12 Mafrq 0.54 0.50 0.35 0.15 0.00 

13 Sfawi 0.49 0.44 0.39 0.17 0.00 

14 Q. A.I. Airport 0.41 0.27 0.53 0.20 0.00 

15 Maan 0.54 0.35 0.45 0.20 0.00 

16 Jafr 0.62 0.43 0.35 0.22 0.00 

17 Zarqa 0.51 0.58 0.37 0.05 0.00 

18 W. Dhulil 0.57 0.52 0.43 0.05 0.00 

19 Qatraneh 0.43 0.56 0.38 0.06 0.00 

20 Azrq 0.54 0.50 0.45 0.05 0.00 

21 Rwashed 0.43 0.50 0.38 0.13 0.00 

22 Wadi Rayan 0.54 0.75 0.20 0.05 0.00 
* Yellow drought class is being the class with highest probability compared to others 

The average magnitude for each drought category was calculated based on sum of CDIs 

per category over the total number of drought events per category. The results indicate that all 

stations had similar CDI values for the mild and moderate drought categories, however the 
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magnitudes vary significantly at both severe and extreme drought categories which indicates 

that severe and extreme drought cases are more site specific (i.e. micro-scale impacts). 

Table 21. Average drought magnitude (CDI) at each station. 

ID Station Non Mild Moderate Severe Extreme 
1 Baqura 1.24 0.91 0.71 0.45 - 
2 Dier Alla 1.26 0.90 0.73 0.50 - 
3 Ghor Safi 1.25 0.90 0.68 0.55 - 
4 Irbid 1.20 0.88 0.73 0.59 0.39 
5 Er Rabaa 1.21 0.92 0.69 0.49 - 
6 Shoubak 1.27 0.91 0.67 0.56 - 
7 Tafileh 1.21 0.89 0.72 0.00 - 
8 Salt 1.22 0.90 0.76 0.49 - 
9 Aqaba 1.44 0.87 0.67 0.58 0.39 
10 Ras Munf 1.21 0.89 0.72 0.47 - 
11 Amman 1.21 0.89 0.70 0.56 - 
12 Mafrq 1.26 0.91 0.71 0.57 - 
13 Sfawi 1.28 0.89 0.68 0.51 - 
14 Q. A.I. Airport 1.21 0.93 0.69 0.52 - 
15 Maan 1.36 0.89 0.71 0.58 - 
16 Jafr 1.45 0.85 0.73 0.58 - 
17 Zarqa 1.24 0.88 0.70 0.42 - 
18 W. Dhulil 1.27 0.91 0.73 0.45 - 
19 Qatraneh 1.20 0.87 0.72 0.42 - 
20 Azrq 1.32 0.90 0.69 0.56 - 
21 Rwashed 1.21 0.91 0.69 0.57 - 
22 Wadi Rayan 1.27 0.87 0.69 0.44 - 

Based on the scores for both district and groundwater basin levels, a drought vulnerability 

map was generated (Figure ). The generated scores vary from 2.1 to 4.6 ranging from moderate 

to high vulnerability. The highest scores and thus most vulnerable basins are Azraq and Dead 

Sea groundwater basins. The high generated vulnerability scores are derived from the moderate 

to high impacts and associated by moderate to low adaptive capacity. Both Azraq and Dead 

Sea groundwater basins are categorized within the highest impact and low adaptive capacity 

scores.  

Based on the generated groundwater vulnerability map that is derived from CDI 

assessment along with real groundwater sensitivity and actual adaptive capacity analyses, the 

country of Jordan is experiencing both micro and macro drought events with varying spatial 

and temporal range of impacts. At a regional scale, the long term droughts are more likely to 

range from mild to moderate categories with the duration that may last up to 12 consecutive 
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years. However, at micro-scale, the drought impacts may reach severe and extreme levels with 

durations up to 5 consecutive years as at Irbid and Aqaba.  

Along with the spatial and temporal variability in drought exposure, the variability in the 

degree to which the groundwater system is affected by climate-related variables complicates 

the vulnerability assessment. The groundwater sensitivity factors may include the decrease in 

freshwater availability is a function of basin lithology, groundwater flow direction, aquifer 

type, international water treaties, national allocation rules, water demand and use for all sectors, 

and water allocation for human consumption, in addition to groundwater quality factors that is 

a function of various different anthropic uses (e.g. landfill, wastewater treatments effluent 

quality) and land use. In this study, the use of simple indicators as in this case provided a real 

estimation for the based on actual characterization of the existing groundwater basins, including 

safe groundwater yield, abstraction, and depletion.  

 
Figure 22. Groundwater Vulnerability Score Map against drought for Jordan. 
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The generated drought vulnerability map indicates that the whole country is subject to 

drought events, with anywhere between moderate to high vulnerability. The CDI values 

indicate that transitional zones with rainfall shift trend are the most susceptible regions for high 

drought impacts. On the other hand, the extreme vulnerability were found at  the Azraq and 

Dead Sea groundwater basins. This is attributed to the high groundwater sensitivity and weak 

adaptive capacities caused by weak water governance and limited management plans at both 

ministry and municipality level at those two basins. Also, these two basins have very high 

abstraction with intensive depletion rates. 

On the other hand, the Zarqa groundwater basin displays moderate vulnerability despite 

suffering from high abstraction, reaching 165 MCM with a depletion rate of 77.5 MCM; the 

basin vulnerability is moderated due to presence of investments at district level associated with 

mega projects to generate alternative water sources and local plans to reduce water loss. 

The vulnerability map also indicates that Disi and Yarmouk groundwater basins are highly 

vulnerable to drought, which is attributable to political aspects, particularly weak enforcement 

of transboundary agreements. The groundwater basin thus is being either depleted heavily by 

neighbouring countries and/or close to feed ports for surface water used in building large water 

dams. 

Based on the generated vulnerability map, the individual groundwater basin adaptive 

capacity should be strengthened to cope with the drought consequences. This includes not only 

political agreements but rather improving the existing institutional arrangement of the 

monitoring and regulatory systems towards water governance and proper planning at the 

municipality level. Searching and managing alternative resources might reduce the drought 

impacts, but this requires high investment capacity at both district and governorate levels. 

Although none of the government ministries holds the specific remit for drought risk 

management units, several activities are involved with drought and its management in one way 

or another. Aspects related to data collection and analysis, monitoring and forecasting and 

development of drought mitigation and action plans require such a unit to be established. Until 

that point, all of the following ministries must be considered: 

 The Ministry of Water and Irrigation, through its responsibilities for hydrologic analysis 

and related modelling, as well as in its central and field offices in which it implements 

methods to control water, use it efficiently, and protect its quantity and quality 

 The Ministry of Agriculture, conduct research, and provide extended services related to 

water use and efficiency. There are two units concerned with parts of the drought 

management cycle: The Drought Management Unit (DMU) at the National Centre of 
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Agricultural Research and Extension (affiliated with MOA) and the Agricultural Risk 

Management Fund (ARMF) 

 The Ministry of Higher Education, through its research dealing with water shortages and 

studies related to better use of water and protection of quality 

 The Ministry of Transport/Directorate of Meteorology, through its prediction modelling 

activities concerning precipitation, temperature, moisture, wind, and related meteorological 

data  

 The Ministry of Environment through several programs focused on desertification and 

climate change, as well as its involvement in the protection and monitoring of water quality 

 The Ministry of Planning through the Department of Statistics, which issues periodical 

reports and statistically indicative data related to drought and agricultural production 

Current drought management in Jordan is challenged by a weak link between information, 

available climate tools and decision-making for searching and adopting the best drought 

management plan at all levels. Neither there is a special legislation dealing with drought, nor a 

preparedness are available in a manner commensurate. The Government of Jordan should 

develop and implement national drought management plans based on proactive risk 

management rather than crisis management in order to address various types of drought in 

coordination with the public and private sectors. The Government of Jordan should develop, 

coordinate and evaluate action plans. Contingency plans to address various types of drought 

and should encourage affected economic sectors and population groups to adopt self-reliance 

measures that enhance risk management. 

Several groundwater management measures are proposed, including strategic planning; 

policy; legislation; public participation; water demand management; water supply-side 

management; cooperation with neighbouring countries and the international community 

concerning water resource management; integrated water information; database development; 

training, awareness and capacity building; and innovation and technology (Table 22) 

The reduction of groundwater abstraction by means of demand and supply water 

management plans should be included within the main implementation priorities. The demand 

and supply sides can be managed by developing non-conventional water supplies such as 

rainwater harvesting at all levels (desert, river dam, rooftops, etc.), wastewater treatment, 

desalinisation, greywater reuse, improving water saving through the adoption of more efficient 

irrigation technologies, and increased public awareness. 
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Policy, market and institutional deficiencies and lack of real incoordination are major 

constraints to sustainable development and the main factors causing land degradation and 

desertification. Yet these policies continue because of incomplete understanding of local 

systems, lack of practical solutions, and inability to change the policy-making institutions and 

frameworks. 

Drought in Jordan should be mainstreamed into strategies, policies, and planning 

documents at all levels. Although the current policies have main regulation to prevent 

unsustainable abstraction of groundwater and the depletion of aquifers; however, the urgent 

need for the enforcement of these regulations is also a must. Also, there should be a structural, 

institutional exchange with cooperation between sector planners in the water sector and other 

sector to promote drought management at all levels. 

Table 22. Proposed drought management measures for the water sector in Jordan 

Demand management: 

 Improve domestic water distribution networks, including reducing water losses and 

energy efficiency in pumping. 

 Economic incentives for the reduction of excess water use in all sectors. 

 Increase the use of non-conventional water resources (treated wastewater, 

greywater, brackish groundwater) at the end-user level. 

 Increase water use efficiency in the services and industrial sectors. 

 Promote rainwater harvesting from rooftops in urban areas. 

 Reduce vandalism and encroachment on water resources and supply systems. 

 Reduce groundwater over-abstraction to the limits of sustainable yield.  

Supply Side Management: 

 Promote a pro-active preventive approach (including, but not limited to, Drinking 

Water Safety Plans) to protect the country’s limited water supplies.  

 Improve drinking water quality management systems and surveillance programmes.  

 Cap and regulate irrigated agriculture in the highlands and reinforce groundwater 

by-laws 

 Allocate resources in a balanced way, taking into consideration equity and social 

and economic returns from using water. 

 Enhance surface water storage by using all available options, e.g. dams and 

reservoirs, ponds, and cisterns (water harvesting) 
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 Enhance groundwater storage such as aquifer recharge and groundwater storage, and 

soil water storage. 

 Improve water transfer systems between governorates and demand sites. 

 Enhance wastewater collection and treatment services. 

 Pursue the Red-Dead conveyance project and other sea water desalination projects 

with due consideration for the environmental and social sustainability of these 

projects. 

 Promote desalination and the use of brackish groundwater for domestic and 

agricultural supply. 

 Implement water resources quality protection to increase water availability for 

unrestricted use by updating and enforcing protection zones. 

 Promote Rainwater Harvesting from rooftops in urban areas. 

 Continue treated wastewater reuse in the Jordan Valley and Highlands to save 

freshwater based on the substitution principle. 

 Promote greywater reuse in the municipal, industrial, and tourist sectors. 

 Develop current groundwater resources and investigate alternatives. 

Integrated planning of domestic food production and imports: virtual water 

management: 

 Integrated water and land planning, management, and zoning, and water-smart land 

use, including urban planning  to stop encroachment and loss of agricultural land 

due to overgrazing, desertification, land degradation, erosion and reservoir 

sedimentation, implementing conservation agriculture and soil conservation to 

create improved soil water storage and soil filtering capacity, protecting 

groundwater recharge areas from pollution and promoting water-smart afforestation. 

 Adopting a virtual water concept through imports of water-intensive products. 

International Cooperation on Water Resource Management 

 Improve international transboundary management of water resources as far as 

possible within the severe political conditions in the region 

 Consider other Dead Sea policy options such as changing the regional water 

management practices so that fresh water from the Jordan and the Yarmouk river 

systems are diverted back to the Dead Sea. 

 Develop proposals for drought adaptation in the water sector to incorporate 

financing from international climate change adaptation funds. 
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 Promote regional cooperation to preserve Jordan’s water rights 

 Secure financing for no-regret measures in the water sector, with both national and 

international resources contributing to the goal. 

Integrated Water Information and Database Development  

 Improve climate, surface water and groundwater monitoring systems and data 

collection 

 Enhance access to water and climate data to enable early warning systems on 

drought and floods 

 Improve the water information systems based on improvements in data quality. 

 Improve groundwater and surface water use data  

 Mainstream climate expertise into water management by facilitating the use of 

climate data for planning and early warning purposes (climate services) 

Training, Awareness, and Capacity Building 

 Encourage public awareness and behavioural change by working with existing 

networks such as the Highland Forums 

 Build political will to address climate change in water management 

 Raise public awareness about water saving, water-related issues, and water 

management. 

Innovation and Technology 

 Promote the use of irrigation technologies that save water and energy. 

 Establish drought early warning systems in cooperation with partner institutions. 

 Use remote sensing technology in water management 

 Use SCADA systems for water resource and supply systems monitoring 

 Institute mart metering for bulk supply systems and end users 

Strategic planning / Policy / Legislation / Participation 

 Promote regional cooperation to preserve Jordan’s transboundary water rights 

through negotiation and participation in regional projects. 

 Incorporate drought impacts on precipitation levels and patterns into the mid and 

long-term planning of water demand and supply in Jordan, and in the underlying 

research. 
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 Establish a structural, institutional exchange with cooperation between sector 

planners in the water sector and other sector to examine climate change impact and 

adaptation  

 Include mainstream drought consideration in water sector strategies, policies, and 

planning documents at all levels.  

 Introduce regulations/directives on the water supply to prevent unsustainable 

abstraction of groundwater and the depletion of aquifers; enforcement of these 

regulations is also essential. 

 Restructure water tariffs for domestic and agricultural supplies. 

 Address the use of treated/recycled wastewater in the regulation/ directives on the 

demand-side such as allowing the use of greywater as part of the codes and 

regulations for buildings, including high-rise and high-density buildings. 

 

7 Conclusions 

The main important scientific results of this study were the following: 

1. Rainfall distribution in Jordan is highly spatial and temporal, where the increasing water 

scarcity is quantified to be caused by not only by the decreasing rainfall but obviously rather 

by the shortening of the wet season. 

2. SPI analysis indicated that Jordan is experiencing periodic cycles of drought with various 

severity and frequency of about once every two to three years. 

3. SPI clustering identified three main micro-climatic patterns; northern, eastern, and 

southern, where each has specific trends on rainfall changes. 

4. In contrast to PDI, VDI, and TDI that has separate specific meaningful use in 

characterization drought, the CDI is further recommended as it provides detailed 

investigations of drought deviation from the reference level for all combined 

meteorological, hydrological, and agricultural droughts investigations. 

5. The applicability of drought indices to monitor crop production impacts varies by the 

timescale assessment; thus sensitivity analysis is required to guide the selection of time 

scale of CDI investigation. 

6. The applicability of CDI technique in investigating groundwater vulnerability in Jordan is 

effective and realistic. Generated drought vulnerability map indicated Azraq and Dead Sea 

groundwater basins being the most vulnerable basins. The high generated vulnerability 

scores were derived from the high impacts and low adaptive capacity. 
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Jordan experienced significant annual rainfall reduction trends ranging from of 0.01 to 5.2 

mm/year. The trends significance and reduction rates were related to both the geographic 

locations and stational altitudes. Jordan Highlands seem to be most affected by the reduction 

followed by Jordan Rift Valley and desert region. The rainfall reduction was highly obvious at 

both March and November, and at both sides of the wet season. 

Drought spatial and temporal generated maps indicated that Jordan experienced periodic 

cycles of drought with various severity and frequency. The use of drought indicators enabled 

the investigation for the drought event’ characteristics. The standardized precipitation index 

(SPI) provided clear tool to indicate drought frequency and magnitude trends that appeared to 

be once every two to three years with a significant increase rate of occurrence. Although SPI12 

is less effective in providing clear understanding on the rainfall shifts and monthly reduction 

as compared to SPI3, however it provides a general indication of the droughts especially if was 

coupled with Krig interpolation technique. The generated drought krig maps revealed the 

presence of two drought trends; local and national. With the implicitly of statistical tools as 

cluster analyses, three main regions of droughts were grouped in terms of severity holding 

similar micro-climatological conditions; northern, eastern, and southern.  

SPI cluster grouping actually identifies three main regions in the kingdom: northern, 

eastern, and southern, where each region holds similar micro-climatological conditions. The 

northern region is characterized by wet patterns with rainfall above 250 mm. Followed by the 

southern region that is characterized by the average annual rainfall of less than 250 mm, and 

finally the eastern regions with an average annual rainfall of less than 100 mm. 

The type of drought indicator is function on the objective of the use; meteorological, 

hydrological, or agricultural drought investigations. Precipitation drought indicator (PDI) as 

indication of rainfall deficit over time is highly variable and provides similar results as SPI. 

However, temperature drought indicator (TDI) is less dispersive and can be modelled easily. 

The vegetation drought index (VDI) is only indicator of the soil moisture deficit and vegetation 

cover health which can be used to indicate drought agricultural impacts. Since VDI is generally 

influenced by the temperature and precipitation droughts, therefore combining VDI, PDI and 

TDI indicators will provide further information on droughts imposed stresses in terms of soil-

water-air-plant system. 

Although the CDI does not measure the physical parameters of either vegetation or soil, 

and it does not attempt to simulate either physical phenomena or water balance, however the 

CDI provided clear indications of the drought deviation from the reference level and also 

provided the flexibility for analyzing the various lengths of drought duration. Monthly CDI is 
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recommended for detailed investigations at a local scale to develop understanding of the 

drought impacts or threats on various sectors during short-term drought events. However, it is 

better to use seasonal or yearly CDI for long-term monitoring programs as national 

catastrophes.  

With emphasis on the use of CDI to interpret sector drought impact, Pearson's correlation 

of barley yield in Jordan showed weak to moderate relationships with PDI, TDI, and VDI 

drought indicators, while it showed strong relationship with CDI. The relationship of drought 

indices varies by the timescale assessment (i.e. annual, seasonal, 3 months, or 2 months’ 

intervals). Results were able to demonstrate the applicability to use the CDI to monitor crop 

production in Jordan, however the weight of each index and the timescale of measurements 

should be tested using sensitivity analysis. 

The generated drought vulnerability map indicates that the whole country is subject to 

drought events ranging from moderate to high vulnerability. The extreme vulnerability was 

found at the Azraq and Dead Sea groundwater basins due to both high groundwater sensitivity 

and weak adaptive capacities. Similarly, both Disi and Yarmouk groundwater basins are highly 

vulnerable to drought due to political aspects, particularly weak enforcement of transboundary 

agreements. On the other hand, the Zarqa groundwater basin displayed moderate vulnerability 

despite suffering from high abstraction, which is attributed by the presence of investments at 

district level associated with mega projects to generate alternative water sources and local plans 

to reduce water loss. 

 

8 Summary  

Long monthly data (1980-2017) of rainfall, air temperature, vegetation index, and barely 

production data were collected and implemented to investigate drought in Jordan. Twenty-nine 

weather stations across the country were used as a reference for generating interpolation maps. 

The drought was assessed suing various drought indicators; SPI, PDI, TDI, VDI, and CDI at 

various timescales of 12, 6, 3, and 2 months. The CDI was further used to correlate with barely 

production to assess the applicability for crop monitoring. Also, the CDI was implemented in 

groundwater vulnerability assessment in Jordan. 

Jordan experienced significant annual rainfall reduction trends ranging from of 0.01 to 5.2 

mm/year. The trends significance and reduction rates were related to both the geographic 
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locations and stational altitudes. Jordan highlands seem to be most affected by the reduction 

followed by Jordan Rift Valley and desert region. The rainfall reduction was highly obvious at 

February, March, November and December with distinct rainfall shift at both sides of the wet 

season (i.e. September and May). 

Drought spatial and temporal assessments using 29 weather stations from 1980 till 2017 

indicted that Jordan experienced periodic cycles of drought with various severity and frequency. The 

use of drought indicators enabled the investigation for the drought event’ characteristics. The 

standardized precipitation index provided a clear tool to indicate drought frequency and magnitude 

trends that appeared to be once every two to three years with a significant increase rate of 

occurrence. Although SPI12 is less effective in providing clear understanding on the rainfall 

shifts and monthly reduction as compared to SPI3, however, it provides a general indication of 

the droughts, especially if was coupled with Krig interpolation technique. The generated 

drought krig maps revealed the presence of two drought trends; local and national. With the 

implicitly of statistical tools as cluster analyses, three main regions of droughts were grouped 

in terms of severity holding similar micro-climatological conditions; northern, eastern, and 

southern.  

Other investigated drought indicators were applicable and provided additional information 

about drought in Jordan. The use of these indicators depends on the objective of the use; 

meteorological, hydrological, or agricultural drought investigations. Precipitation drought 

indicator (PDI) is highly variable and provides similar results as SPI, however, temperature 

drought indicator (TDI) is less dispersive and can be modelled easily. The vegetation drought 

index (VDI) is the only indicator of the soil moisture and thus vegetation cover which can be 

used to indicate agricultural drought impacts.  

In order to compensate for all indicators, combined drought indicator was tested and 

implemented in this study. Although the CDI does not measure the physical parameters of either 

vegetation or soil, and it does not attempt to simulate either physical phenomena or the water 

balance, however the CDI provided clear indications of the drought deviation from the 

reference level and also provided the flexibility for analysing the various lengths of drought 

duration. Monthly CDI is recommended for detailed investigations at a local scale to develop 

an understanding of the drought impacts or threats on various sectors during short term drought 

events. However, it is better to use seasonal or yearly CDI for long-term monitoring programs 

as national catastrophes.  
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With an emphasis on the use of CDI to interpret sector drought impact, Pearson's 

correlation of barley yield in Jordan showed weak to moderate relationships with PDI, TDI, 

and VDI drought indicators, while it showed a strong relationship with CDI. The relationship 

of drought indices varies by the timescale assessment (i.e. annual, seasonal, three months, or 

two months’ intervals). Results were able to demonstrate the applicability to use the CDI to 

monitor crop production in Jordan. However, the weight of each index and the timescale of 

measurements should be tested using sensitivity analysis. 

The CDI was also implemented for groundwater vulnerability assessment against drought. 

Using the scoring technique, CDI was implemented for the exposure and combined with 

groundwater sensitivity and adaptive capacity. The CDI technique was able to generate a 

realistic groundwater vulnerability map that indicated Azraq and Dead Sea groundwater basins 

being the most vulnerable basins. The high generated vulnerability scores were derived from 

the high impacts and low adaptive capacity.  
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