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Abstract:Drought belongs to the group of the most damaging, but due to its complexity, least understood of all 

natural hazards. Although the measure and impact of drought is difficult to define, its quantification and 

qualification is important for assessing and comparing drought. For these purposes, a whole series of indices and 

indicators have been developed. Drought indices together with information on the exposure and vulnerability of 

the observed area are essential for monitoring and predicting the impacts and outcomes related to a drought 

event. These weather shocks can have serious consequences for small-scale agriculture producers livelihoods, 
particularly when they are uninsured. This paper describes theweatherriskmanagementtools that has been 

developed to help the smallholders manage the financial impact of drought, withparticularattentionfocusedon the 

indexbasedagricultural insuranceproducts. 
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1. INTRODUCTION 

The World Meteorological Organization defines drought as a prolonged absence or marked 

deficiency of precipitation, a deficit of precipitationthat causes a lack of water for a specific activity, 
and as a period of abnormally dry weather sufficientlyprolonged for the lack of precipitation to cause a 

serious hydrological imbalance[1].Drought belongs to the group of the most damaging, but due to its 

complexity, least understood of all natural hazards. Although some droughts can be feature of a short 
period  (a one week) and affect only small areas, the instrumental measurements and paleoclimate 

reconstructions show that droughts have sometimes continued for decades and have impacted  

entirecontinents.Drought is a normal part of climate variations, but precisely because of its 

complexity, the development of an early warning systems being more difficultthan those for other 

hydro-meteorological hazards [2]. 

Despite the seriousness of the impacts caused, drought is not a well-defined phenomenon, 

considering it is difficult to determine the actual beginning, course and end of the dry period, as well 
as the intensity and overall effects of the drought.There are many definitions for drought, even if we 

consider only the scientific definitions (and not the rest). Generally, drought means a lack of water, i.e. 

a condition in which precipitation is less than average and is not sufficient to meet the demands of 
various interest groups.This natural disaster, which is difficult to measure and predict, is most often 

defined by the impacts it causes(Figure1).Accordingly, drought can be interpreted as[3]: 

 meteorological[4], 

 agricultural(soil moisture) [5], 

 hydrological[6] and 

 socioeconomic[3]. 
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Figure 1 – Types of drought [7] 

2. INDEXING THE SEVERITY OF DROUGHT  

Although the measure and impact of drought is difficult to define, its quantification and 

qualification is important for assessing and comparing drought.For these purposes, a whole series of 

indices and indicators have been developed.There are more than 100 known indices [8], which try to 

characterize the severity of drought. 

Drought indicators are variables or parameters used to describe the state of drought such as 

precipitation, temperatures, flow, groundwater level, soil moisture, etc. 

Drought indices are calculated numerical representations of drought severity, estimated using 

climatological or hydrometeorological data, including the previously mentioned indicators.The indices 

are intended to measure the qualitative state of drought in an area for a certain period of 

time.Technically, the indices are also indicators of drought. 

Indices simplify the complex processes that occur in nature during a drought and provide useful 

information to different users and interest groups. They are used to quantitatively assess the severity, 

location, occurrence and duration of drought events.The severity of the drought refers to the deviation 
from the normal of the observed index.Severity thresholds can be set to determine when a drought 

occurs, when it ends, and what geographic area it covers.Drought location refers to the geographic 

region that is affected by the drought.The occurrence and duration of drought are determined by the 

approximate dates of the beginning and end of the drought event. 

Drought indices together with information on the exposure and vulnerability of the observed area 

(for example, land use and yield data) are essential for monitoring and predicting the impacts and 

outcomes related to a drought event.Indices can also provide historical references for planning 
decision-makers and provide them with important information about the probability frequency of 

drought occurrence of different severities. 

Some of the indicators are very simple to calculate, such as the deviation from the normal 
hydrologic conditions of an area [9] and include one parameter, while there are also more complex 

ones that include several parameters, such as the Palmer Drought Severity Index[4]. 

The development, as well as the calculation of the drought indicator, is conditioned by the 

availability of appropriate data for the calculation.Indicators that rely on meteorological data collected 
at synoptic weather stations are classified as meteorological drought indices.Among them, they stand 

out: 
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 Percent of Normal Precipitation[9],often applied and attractive for showing to the general 

public; 

 Deciles [10], applies in Australia; 

 PálfaiAridity Index- PAI [11]developed and applied to the greatest extent in Hungary; 

 Drought Severity Index- DSI [12]often used in Great Britain; 

 Effective Drought Index - EDI [13]which takes effective precipitation into account; 

 Standardized Precipitation Index- SPI [14]the most popular drought index in use; 

 Standardized Precipitation-Evapotranspiration Index- SPEI [15], which is a derivative of SPI 

and takes into account the values of evapotranspiration and others. 

With the emergence of the Palmer Drought Severity Index - PDSI [4], drought characterization 

began to be performed through a much more comprehensive picture of the water cycle and its 

elements. Specifically, the PDSI uses the amount of available water in the soil in the calculation. 

Palmer also modified his index by creating PDSI derivatives such as: 

 Palmer Modified Drought Index - PMDI developed for the needs of the US National Weather 

Service, 

 Palmer Hydrological Drought Index – PHDI which takes into account the hydrological impact 

on accumulations, reservoirs and groundwater levels, 

 Palmer Crop Moisture Index – PCMI which estimates the deficit of evapotranspiration, not 

precipitation. 

No one drought indicator is fundamentally superior to the others. However, certain indicators 

better describe drought if they are created for the specific needs of end users [16].All the mentioned 
indicators had to satisfy a number of criteria in order to acquire the indicator status[17]. The first and 

basic criterion is the satisfaction of the definition set by the World Meteorological Organization 

(WMO), which defines the drought index as an index associated with some of the cumulative effects 

of prolonged and unusual moisture deficiency. Other criteria for defining the drought index are: 

 the time scale of the index should be in accordance with the nature of the problem, 

 the index should be a quantitative measure of drought and include its behavior on large spatial 
and temporal scales and contain an assessment of drought characteristics (intensity, duration, 

spatial distribution), 

 historical data of the index value should be available or it should be possible to calculate the 

index based on the historical data of the parameters, 

 the index should be possible to calculate in almost real time and be used operationally. 

Continuous assessment of soil moisture enables dynamic monitoring of soil moisture development 

and occurrence of drought. However, although soil moisture is an important parameter in the 

determination of drought, continuous soil moisture measurements are rare[18], while the possibility of 
applying point measurements to larger areas is limited. These problems can be solved by using data 

obtained by remote sensing and observation of vegetation. Indexes used for this purpose are: 

 Normalized Difference Vegetation Index – NDVI [19], 

 Vegetation Condition Index - VCI [20], 

 Normalized Difference Vegetation Index Anomaly - NDVIA [21], 

 Standardized Vegetation Index - SVI [22]. 

3. INDEX BASED CROP INSURANCE 

Unlike traditional nonlife insurance, which is based on the assessment and payment indemnities 
for actual losses when the insured event occurs, index based insurance pays out the agreed amount 

when the conditions (event or situation) from the insurance contract are met, i.e. when the values of 

the monitored parameters - the index, deviate from the agreed, reference, the base values established 
for a certain geographical area. Index insurance is most often used in agriculture and was developed as 

an alternative to traditional insurance of yield against a larger number of risks.  
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The most common index insurance is the insurance of small-scale agriculture producers 

(smallholders) crop yields. There are three main types of this insurance. 

Area yield index insurance- is linked to a certain geographical area or administrative unit and is 

based on the future yield of that area. If the actual, current, regional yield is lower than the 

expected, average yield calculated for that region, the insurer is obligedto pay indemnity at the 
same rate to all policyholders of that region. The insurance premium is determined on the basis 

of the average regional yield, and is paid equally by all policyholders of that region.As the 

damage is compensated to all policyholders regardless of the amount of actual losses to their 
agricultural holdings, it is necessary that the insured geographical areas/units be as 

homogeneous as possible in terms of climatic and microclimatic conditions. 

 Weather index crop insurance- unlike Area yield index insurance, which refers to the average 

yield of the region, it takes the meteorological parameters of the region as reference values of 
the contract, therefore this type of insurance is also called parametric insurance.This insurance 

is linked to meteorological phenomena (rain, snow, air temperature, wind speed, etc.) of the 

region that may affect the reduction of crop yields.With such contracts, the trigger valueof the 

weather index is determined and if the competent institution (reference station) confirmsthat the 
value of the monitored weather index is above or below the specified contract threshold (agreed 

value), the payouts are automatically made. 

 Satellite index insurance - uses remote sensing to measure and analyze the monitored 

index.The indices are created using time series of satellite images.This type of insurance has 
only recently come into commercial use due to the low availability of satellite images.With the 

greater use of remote sensing in agriculture, these types of contracts will also find wider 

application. 

3.1. Weather index crop insurance 

The basic specificity of index insurance that uses meteorological or climatological indicators and 

indices consists in the fact that the insurance contract guarantees payment based on measurements of 

objective parameters (such as measured precipitation or air temperature) from a reference (base) 
meteorological station during the contracted period of time. The monitored weather parameters must 

be correlate as closely as possible with the loss of the insured crop (certain type of 

crop).Allpolicyholders of a certain geographic area receive payouts based on the same insurance 
contract and based on the measurement of the specified weather parameterfrom the same reference 

station. This insurance approaches eliminates theneed of loss assessments and checks to confirm the 

occurrence and magnitude of an actual loss. 

A weather index insurance contract is created based on several parameters that are characteristic 

of this type of insurance and are an integral part of every contract: 

 An index is a quantification of a meteorological or climatological variable. 

 A meteorological station is a base station for a certain geographical area where weather 

parameters are measured and is designated as a reference station. 

 Trigger or threshold denotes that value of the index (cumulative, average, minimum, 

maximum) that activates the contract and payouts are automatically made. 

 Insurance compensation represents the lump sum - pre-arranged payment per unit of insured 

crop area.  

3.2. Preconditions for weather index crop insurance 

Data on weather conditions in index insurance provide a basis for both risk taking and payouts in 
natural disaster insurance contracts. Insurance companies (both local and international) set specific 

conditions for the contracts in respect of which they are willing to take the risk.These conditions 

change, according to the progress in the procedures through which the weather phenomena are 

measured, but generally speaking, some basic standards, to raise the interest of insurance companies in 

these transactions, are [23]: 

 Historical weather data, preferably 30+ years of collected data to cover extreme risks, 
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 Limited amount of unavailable and out-of-range values, preferably less than 1% of observations 

are unavailable,  

 Reliability of collected data, availability of control stations, 

 Consistency of observation techniques, limited changes in 
instrumentation/orientation/configuration,  

 Reliability of the data recording procedure, limited possibilities for data manipulation. 

4. CONCLUSION 

Parametric crop insurance is a good mechanism for insuring crops against meteorological 

disasters in developing countries where other, traditional insurance products are not always applicable, 
either due to the underdevelopment of the insurance market, or simply due to the inaccessibility of 

financial risk management mechanisms due to poverty. In such environments, index insurance can 

beused as a mechanism to promote agricultural pursuits and rural developments. Also, this type of 
insurance can be an alternative source of financing, as part of a national or regional strategy for 

recovery from natural disasters. 

Of all the drought indicators and indices listed in the paper, SPI is the most suitable for the 
Weather Index Crop Insurance. The SPI index enables comparison of values from region to region, as 

it does not require adjustment for climatic conditions, but is based on a statistical approach, and 

therefore WMO requires all hydrometeorological organizations to calculate it.  

The main advantage of using SPI over other indicators is that precipitation is the only input 
parameter for the calculation of SPI and thus it is simpler to calculate than most drought indicators, 

especially PDSI.The possibility of calculation for different time series allows application by different 

users.One-month SPI can be used in meteorological drought, while SPI calculations for longer time 
series (24 months) are used in hydrological drought. SPI values determined for periods of one to three 

months are relatively well correlated with productive moisture reserves in the surface layers of the 

soil, so they can be used to assess the moisture conditions in which agricultural crops grow and 

develop (agricultural drought). 

And finally, most importantly when it comes to risk management, its probability-based nature 

makes it very suitable for transfer to a professional underwriter and our research. 
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