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Abstract 

 

Drought is one of the most prevalent environmental hazards in Bangladesh, significantly affecting the country’s 

ecosystems, livelihoods, and agricultural productivity. Based on the four significant satellite-based measurements, 

such as Vegetation Condition Index (VCI), Temperature Condition Index (TCI), Precipitation Condition Index 

(PCI), and Soil Condition Index (SCI), this study tries to conduct a comprehensive national-scale drought analysis 

in the year 2025. These indices measure various aspects of drought, such as stress on vegetation, thermal anomalies, 

variability in rainfall and the moisture levels of soil. These indices capture different dimensions of drought, 

including vegetation stress, thermal anomalies, rainfall variability, and soil moisture conditions. The Advanced 

Drought Response Index (ADRI), which improves drought detection by integrating several environmental stress 

factors into a single composite indicator, will be used to normalize and integrate the indices. Six levels of drought 

severity and corresponding impacted area have been identified from the final ADRI outputs: no drought (39.17%), 

mild drought (31.91%), moderate drought (21.49%), severe drought (6.53%), extreme drought (0.836%) and 

exceptional drought (0.041%). The results show mild and severe drought vulnerability in the northwestern region, 

including Rajshahi, Bogra, and severe drought vulnerability in the southwestern region, including Khulna, Jessore 

and Satkhira, extreme and exceptional drought vulnerability in the southern region of Bangladesh. The value of 

integrated frameworks for monitoring drought that incorporate ecological, hydrological, and climatic indicators. 

In order to support national drought early warning systems and well-informed decision-making for drought 

preparedness and resource allocation in Bangladesh, this study shows how effective a multi-index, satellite-based 

approach to drought monitoring is. 
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1. Introduction 

 

Drought is a slow-onset natural disaster that increases in intensity and duration over a long period of time, leading 

to severe and far-reaching consequences(Wilhite & Glantz, 1985). Droughts are increasingly intensified by human-

induced climate change and pose a growing threat to society (Keune et al., 2025). Due to climate change, changes 

in land use, and rising temperatures, global drought patterns have gotten worse over the past several decades. Both 

dry and monsoon-dependent regions have seen an increase in the frequency and intensity of these events. Drought, 

in particular, can have a devastating effect on agriculture, water supply, energy, and the natural environment, 

making it one of the most expensive natural disasters(Mishra & Singh, 2010).  
The problem of drought has become a severe issue in Bangladesh because of the unpredictable monsoon 

precipitation and dry spells. Crop failures and water shortages caused by droughts have dire implications for food 

security, especially in rural areas that rely on agriculture, whose policy responses are very poor in addressing the 

problem (Abdirahman Farah et al., 2025). Droughts that affect regions such as the Barind Tract have adverse 

effects, such as a reduction in crop yields, endangering smallholder livelihoods, and amplifying vulnerability 

because of the lack of proper policy responses (Habiba et al., 2011). Water scarcity and forced migration are other 

effects of these droughts in the rural part of Bangladesh, as agriculture, the mainstay of its economy, is experiencing 

poor productivity and no groundwater in rainfed regions (Kabir & Khan, 2016). In the absence of climate-resilient 

plans, food security and the well-being of rural people will continue to deteriorate due to drought in the country 

(Kabir & Khan, 2016). 

Recent efforts in remote sensing and multi-index methods have greatly enhanced the precision and spatial extent 

of drought surveillance, especially in data-poor areas such as Bangladesh. A number of significant studies prove 

the efficiency of composite, satellite-based drought monitoring. (Ahmed et al., 2019) used the Landsat imagery in 

the coastal areas of Bangladesh to calculate the SPI, NDVI, VCI, TCI, VHI, and NDWI, and the results indicated 

that NDVI and VCI were the most reliable compared to SPI benchmarks. In (Hassan & Mahmud-ul-islam, 2015), 
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the authors used the MODIS NDVI-based VCI and LST-based TCI to calculate VHI in the Barind Tract, revealing 

moderate to extreme drought between 29-37 percent of the region in the years 2000, 2008, and 2014. VCI, TCI, 

VHI, TVDI, and VSDI were measured in the study of (Sultana et al., 2021) across northwestern Bangladesh (1990-

2018), where trends of droughts (moving toward severe) can be observed in districts such as Thakurgaon and 

Nilphamari, and are attributed to the increasing land surface temperature and vegetation loss. 

Although the severity and occurrence of drought are on the rise, Bangladesh is now without an integrated, high-

resolution, and real-time drought monitoring system. Available studies are mostly regionally based, involving the 

application of individual drought indices, which do not provide a comprehensive understanding of drought at the 

national level because of the diverse agro-climatic regions across the nation  (Ahmed et al., 2019);(Hassan & 

Mahmud-ul-islam, 2015). Also, the presence of sparse ground-based meteorological stations in vulnerable regions 

reduces the reliability of the conventional means of monitoring, which in many instances are not able to effectively 

combine climatic, soil moisture, and vegetation information (Paul et al., 2025). Such a state of affairs highlights 

the immediate necessity of a nationally scalable, satellite-based model of drought assessment, which integrates 

various environmental stress indicators. The Advanced Drought Response Index (ADRI) framework closes this 

gap by combining the four fundamental drought-related indices: vegetation, temperature, precipitation and soil 

moisture into one comprehensive index that can be analyzed spatially and temporally with remote sensing and GIS 

technologies (Singh et al., 2022). 

This study aims to create and deploy a nationally scalable satellite-based drought assessment system to Bangladesh 

by combining various environmental indices: Vegetation Condition Index (VCI), Temperature Condition Index 

(TCI), Precipitation Condition Index (PCI) and Soil Condition Index (SCI) into the Advanced Drought Response 

Index (ADRI). To determine spatial drought hotspots, and in particular in the north west and coastal agro climatic 

zones of Bangladesh, the project is expected to produce seasonal drought severity maps based on the Advanced 

Drought Response Index (ADRI) that will offer a comprehensive drought image. A repeatable GIS-based process 

incorporating soil, precipitation, temperature, and vegetation indices will be developed. These insights will inform 

the climate-resilient agricultural policy and will also aid in the development of an effective satellite-based drought 

early warning system. Although the satellite data resolution is problematic, and the ground-truth validation is 

lacking, the study is also aimed at directing the targeted resource allocation. 

2. Materials and Methods 

 

2.1 Study Area 

Figure 1 shows the geographical location of Bangladesh, located in the delta of the Ganges, Brahmaputra, and 

Meghna rivers in South Asia. Bangladesh boasts a varied terrain with floodplains of low elevation, an active river 

system, a populated coastal strip, and recognizable agro-ecological zones(WARPO, 2006). The country has a 

humid tropical monsoon climate with high seasonal rainfall, which makes the country highly susceptible to climatic 

extremes (WARPO ,2006).  

                                                                                                                                                                                                                                                                                                                                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Study Area Map 

Bangladesh is specifically important to this study for the following five broad reasons: (1) It is unusually prone to 

drought, particularly in its northwestern highlands (Barind Tract) and west, although it is generally considered 

globally to be flood-prone (Government of Bangladesh, 2022); (2) Agriculture, relying heavily on monsoon rainfall 

and increasingly on groundwater irrigation, is critical to national food security and livelihoods, and consequently 

drought impacts are severe (Department of Environment,2024); (3) The complex interplay of rainfall, temperature, 

soil moisture, and vegetation health over diverse topographies provides an ideal laboratory to evaluate integrated 

satellite indices like the ADRI (SPARRSO,2025) (4) Regional climate, hydrologic, and land use heterogeneity 
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necessitates spatially explicit drought monitoring to identify hotspots (Department of Environment,2024); and (5) 

Existing drought monitoring capacity is limited, making an effective, satellite-driven system like that described 

here critically needed for early warning and adaptive planning (SPARRSO,2025). The understanding of the 

drought trends and severity mapped by the satellite indices comes from recognising this unique and fragile 

situation. 

2.2 Data Collection and methodology 

 

The methodology for drought monitoring in 2025 follows a multi-step workflow integrating satellite data, index 

computation, and spatial analysis, as illustrated in Figure 2. 

 

 

Figure 2. Research Methodology 

 

In the integration and analysis stage, the indices are fused using a nonlinear integration approach, with weight 

adjustments informed by domain knowledge, producing an Aggregated Drought Risk Index (ADRI), which is 

classified into drought severity levels.  

 

Table 1: Data Collection and sources 

 

Index 
Dataset / Satellite 

Product 

Parameter 

Used 

Spatial 

Resolution 

Temporal 

Coverage 
Source 

VCI (Vegetation 

Condition Index) 
Sentinel-2 MSI NDVI 

10 m 

(Sentinel-2) 

January – 

May 2025 

Copernicus 

Open Access 

Hub 

TCI (Temperature 

Condition Index) 

MODIS Land 

Surface 

Temperature 

(LST) 

Brightness 

Temperature 

(BT) / LST 

1 km 
January – 

May 2025 

NASA LP 

DAAC 

PCI (Precipitation 

Condition Index) 

CHIRPS Daily 

Precipitation 

Precipitation 

(mm) 
0.05° (~5 km) 

January – 

May 2025 
 (CHIRPS) 

SCI (Soil 

Condition Index) 
SMAP 

Soil 

Moisture 

(%) 

0.25° (~25 km) 
January – 

May 2025 
NASA SMAP 

Finally, the mapping and feedback stage generates drought maps, analyzes spatiotemporal patterns, and 

incorporates expert feedback to refine index weighting and improve monitoring accuracy, ensuring a dynamic and 

adaptive drought assessment framework. Fig. 2 shows a workflow of this work on data entry to ADRI generation. 

 

2.3 Biophysical Drought Indices 

2.3.1 Vegetation Condition Index (VCI) 

 

The Vegetation Condition Index (VCI) is a satellite-derived indicator of vegetation health by comparing present 

vegetation conditions to their normal range, making it an appropriate indicator for drought impact on 
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agriculture(Kogan, 1995) . It is obtained from such images as MODIS and measures the difference in reflectance 

between near-infrared and red light reflected from the surface (greenness of vegetation). VCI regularizes NDVI 

values to a scale running from 0 to 100 by the formula (Kogan, 1995): 

 

VCI = 
𝑁𝐷𝑉𝐼− 𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥−𝑁𝐷𝑉𝐼𝑚𝑖𝑛
 ×100…………………….1 

Here, NDVI is the currently observed value, while 𝑁𝐷𝑉𝐼𝑚𝑖𝑛 and 𝑁𝐷𝑉𝐼𝑚𝑎𝑥 are the historical minimum and 

maximum NDVI values for this period of time. Zero means extreme vegetation stress by drought-mostly, one 

hundred means perfect condition (Kogan, 1995) .  

 

2.3.2 Temperature Condition Index (TCI): 

 

The Temperature Condition Index (TCI) evaluates the thermal stress of vegetation by considering anomalies in 

land surface temperature (LST). Increased evaporation leads to greater plant stress (Sawant & Kukkemane, 2024) 

. Current LST is compared to historical high and low extremes in a scaling method that results in an index running 

from 0 to 100, where lower values indicate more significant thermal stress. The formula is(Kogan, 1995): 

TCI = 
𝐿𝑆𝑇𝑚𝑎𝑥− 𝐿𝑆𝑇

𝐿𝑆𝑇𝑚𝑎𝑥−𝐿𝑆𝑇𝑚𝑖𝑛
×100………………………………...2 

In this equation, LST represents the current land surface temperature, while 𝐿𝑆𝑇𝑚𝑖𝑛 and 𝐿𝑆𝑇𝑚𝑎𝑥denote the 

historical minimum and maximum temperatures for the relevant timeframe (Sawant & Kukkemane, 2024) . Overly 

high temperatures, as indicated by low TCI values, can worsen the drought by speeding up the rate of soil moisture 

depletion (Kogan, 1997). TCI is indispensable for the identification of regions where drought is aggravated by 

heat. Specifically, this occurs in the northwest and southwest regions, which tend to have high temperatures during 

the pre-monsoon season, leading to drought and complicating the management of water and crops(Kogan, 1997). 

2.3.3 Precipitation Condition Index (PCI): 

 

The Precipitation Condition Index (PCI) assesses meteorological drought, considering the precipitation deficiency, 

which is a key cause of water supply to agricultural and ecological systems (Du et al., 2013) . The calculation is 

based on the comparison of actual precipitation with the historical pattern (usually expressed in the data about 

rainfall derived by satellite-based data, e.g., TRMM or GPM), and normalized to the range 0-100, with smaller 

numbers indicating drier conditions. PCI can be used to give a direct value of rainfall deficits, which are the main 

causes of occurrences of droughts (Du et al., 2013) . The formula for PCI is (Du et al., 2013): 

PCI = 
𝑃− 𝑃𝑚𝑖𝑛

𝑃𝑚𝑎𝑥−𝑃𝑚𝑖𝑛
 ×100……………………………….3 

Here, P represents current precipitation, and  𝑃𝑚𝑖𝑛 and 𝑃𝑚𝑎𝑥 are the historical minimum and maximum precipitation 

values, respectively. 

 

2.3.4 Soil Condition Index (SCI): 

 

Soil moisture availability is important in using the Soil Condition Index (SCI), which measures the extent of 

agricultural drought within crops and indicates the water that is available to the roots of plants (Entekhabi et al., 

2010) . It is computed using satellite-based soil moisture data (SMAP or AMSR-E) and scales the current soil 

moisture to 0 to 100 with low numbers representing drier soils; hence, the historical maximum and current 

minimum soil moisture values (Entekhabi et al., 2010). This metric is calculated as, where SM is the current soil 

moisture, SM min is the historical minimum soil moisture, and SM max is the historical maximum soil moisture. 

SCI is also keen to alterations in the retention of water, which directly influences crop productivity (Song et al., 

2013). The Formula for SCI is(Song et al., 2013). 

 

SCI = 
𝑆𝑀− 𝑆𝑀𝑚𝑖𝑛

𝑆𝑀𝑚𝑎𝑥−𝑆𝑀𝑚𝑖𝑛
 ×100…………………………4 

In this equation, SM is the current soil moisture, while 𝑆𝑀𝑚𝑖𝑛 and 𝑆𝑀𝑚𝑎𝑥  are the historical minimum and 

maximum soil moisture values, respectively. 
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2.4 Advanced Drought Response Index (ADRI) 

 

The Advanced Drought Response Index (ADRI) is a combined index constituting various satellite-based 

indicators, including VCI, TCI, PCI, and SCI to obtain a collective measurement of the drought status in all of 

meteorological, agricultural, and hydrological frames (Sawant & Kukkemane, 2024) . It aggregates these indices 

based on relative weights that are defined by the relative significance of each aspect of the problem, in any 

particular region. It aggregates these indices through weighted averages, which again depend on the relative 

importance of each of the factors within a particular region. The formula for ADRI is (Sawant & Kukkemane, 

2024). 

ADRI = [L*VCI *{c+
1

L∗(VCI+TCI+PCI+SCI+c)
*(TCI+PCI+SCI)}] …………………………5 

Where the VCI is the vegetation condition index value, TCI is the Temperature Condition Index value, PCI is the 

Precipitation Condition Index, SCI is the Soil Condition Index, and ADRI is the Advanced Drought Response 

Index. ADRI value ranges between 0 to 100; L is the normalization factor to keep the output value in the expected 

range and c is a constant to avoid a null in the denominator (Sawant & Kukkemane, 2024). The values close to 0 

reveal an extreme drought situation as vegetation is under stress, precipitation is very low and temperature is very 

high. Likewise, the values closer to 100 reveal a normal situation as vegetation growth is good, precipitation is 

high and temperature is favorable. 

3 Drought Severity Classification 

 

In order to enable an easy interpretation and sharing of the conditions of droughts in Bangladesh, the Advanced 

Drought Response Index (ADRI) has been recording the categorization on drought severity into six levels, from 

no drought to Extreme drought. To interpret the changing effects of drought on agricultural production, water 

conditions, and terrestrial ecosystems in Bangladesh, classification thresholds are adjusted to collect historical 

drought occurrence statistics as well as to consider the wisdom of experts in the arena. For this study, the following 

ADRI ranges are employed: No Drought (ADRI 51–100), Mild Drought (41–50), Moderate Drought (31–40), 

Severe Drought (21–30), Extreme Drought (11–20), and Exceptional Drought (0–10). The following categorical 

standardized classification is used in general to produce maps of national drought severity, showing the areas of 

vulnerability, like in the state of the northwest and the southwest, where the agricultural productivity is highly 

vulnerable in case of lack of water, which then plays a key role in drought monitoring, early warning, and resource 

allocation methods. 

4 Results: 

 

4.1 Biophysical Indices for Drought Assessment 

The effectively used VCI (value range: 0-100) was effective in outlining zones of vegetation stress, where the 

northwestern and southwestern parts showed consistently low values, which resulted in stress in vegetation. 

 
Figure 1. Biophysical Indices (a) VCI; (b) TCI; (c) PC; (d) SCI 

Contrastingly, the eastern districts showed higher values of VCI, especially in Sylhet and coastal Chattogram, 

which indicated more pleasant vegetational conditions, probably because of greater availability of moisture. 

(b) (a) (c) (d) 
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The PCIs were between 2.36 and 12.41, which indicated that there were spatial differences in the precipitation 

patterns. Interestingly, the west-central and the northwestern districts with a part of the Rajshahi and Kushtia region 

had the lowest PCI values, which showed a deficit of rainfall at vital seasons. On the other hand, the values of PCI 

were greater in the coastal areas and the eastern slopes of the hills, which indicated relatively moist conditions in 

the growing season. 

TCI (between 13.98 to 73.36) recorded thermal anomalies and their effects on the drought stress. Reduced TCI 

values, predominant in the western, central and southwestern areas of Bangladesh, are associated with increased 

land surface temperatures, which exacerbate the effect of droughts in already arid areas. Those regions where TCI 

values are higher, especially in the coastal districts as well as the hill tracts of the southeast, indicate relatively 

lower thermal regimes and heat stress. 

The SCI showed values of 38.52 to 65.06, which are moderate to high variability in soil moisture conditions. As it 

can be seen in the spatial distribution, lower SCI scores were found in the northwestern and parts of the south-

central parts, which coincide with low PCI and VCI. This intersection signifies a compounded effect of the drought 

caused by lack of rainfall, less vigor of vegetation, and lack of soil moisture. In the meantime, the northeastern and 

southeastern districts showed higher SCI results, which reflect relatively favorable soil moisture conditions. 

By and large, the combination of these indices produces similar patterns of drought stress in space, and the 

northwestern part of Bangladesh turns out to be the worst-hit area. All these biophysical indicators were used to 

compute the Advanced Drought Response Index (ADRI) and future drought severity classification and provide a 

multidimensional way of drought monitoring and assessment of risks. 

 

4.2 National Drought Distribution 

The drought analysis of 2025 on a national scale reveals that a major section of Bangladesh would not be affected 

by the drought. The largest portion is 58,656 km2 of land that is in the no drought category.  

 
Figure 4. (a) Area distribution (in Sq. Km.); (b) Spatial mapping of drought severity levels in Bangladesh 

 

Then, approximately 47,777 km2 is considered a mild drought, thus denoting merely minor stress factors, which 

might not be very serious over time, but can be severe in case of the continuation of the dry weather. Moderate 

drought occupies around 32,179km2, which consists of regions where the effect of drought is more significant, 

whereby it might begin to influence agriculture and water supplies. The worst types of droughts, severe, extreme, 

and exceptional droughts, occupy much smaller regions, comprising 9,784 km2, 1,251 km2, and 62 km2, 

respectively. 

 

4.3 Regional Drought Hotspots 

 

In the northeast region (Figure 5a), Sylhet, Mymensingh and Maulvibazar are seen containing the largest no-

drought areas whereas Sherpur has the least of it. Sylhet, Sunamganj, Mymensingh, and Netrokona are the districts 

with the largest area covering severe and extreme droughts as well. 

In the northwest region (Figure 5b), Bogura, Dinajpur and Naogaon contain the largest areas with moderate 

drought. Kurigram has the highest no-drought area. Naogaon is seen to be the most drought-prone area of this 

region as it covers the largest area with severe and extreme drought. 

(a) (b) 
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Figure 5. Drought Severity Levels by District (a) Northeast Region; (b) Northwest Region; (c) Southeast Region; 

(d) Southwest Region 

In the southeast region (Figure 5c), Rangamati, Bandarban and Khagrachhari contain the largest area with no 

drought. Cumilla and Chittagong contain a considerable amount of moderate drought areas. Other than that, this 

region is hardly seen to be affected by drought, making it the least drought-prone region. 

In the southwest region (Figure 5d), Bagerhat, Khulna and Satkhira cover most o f the area with no drought. 

Faridpur has the largest moderate and severe drought area. Satkhira, Khulna and Jessore also cover a considerable 

amount of area with severe drought. 

Across all four regions, the northwest region seems to be the most drought-prone area, whereas the southeast region 

is the least. Meanwhile, the northeast and southwest regions have a mediocre condition in overall drought levels. 

 

4.4 Drought Severity Assessment 

 

Figure 6a (No Drought) represents that Rangamati is provided with the largest drought-free area in Bangladesh, 

Bandarban and Khagrachhari are forested, and the Chittagong Hill Tracts do not experience drought either. Also 

very robust is coastal moisture to Bagerhat (southwest coast) and Chattogram (southeast coast). This can be 

translated to the highest prospects of using hilly land and coastal areas as the most effective countermeasures to 

drought. 

Figure 6b (Mild Drought) represents Mymensingh, which monitors the most moderate drought coverage in the 

farming region of the northwest, which is closely followed by Bogra and Dinajpur. Sirajganj and Naogaon are 

stressed on their transition zones. An example of such a category centers on the early warning zones in which the 

crops grew slowly, but there was still water. 

Figure 6c (Moderate Drought) represents that Naogaon is expected to lead once again (as also Bogra and Dinajpur 

in moderate severity), which is a testament to the northwest area being the epicenter of droughts in Bangladesh. 

Sirajganj and Mymensingh show the highest increasing impacts, and this indicates that there is progressive drying 

of the northern and agricultural core region of the country. 

Figure 6d (Severe Drought) represents that, in Naogaon, the worst severe drought is experienced, and the region 

is experiencing severe drought in Bogra and Dinajpur. Pasture/crop losses are making their appearance in Sirajganj 

and Mymensingh in large quantities. It shows that the north west is in acute water stress that requires emergency 

agricultural aid. 

Figure 6e (Extreme Drought) represents these unbelievable situations or experiences of a high percentage of 

extreme drought coverage in Sylhet and Sunamganj, the commonly flood-prone parts of Haor Bangladesh, or the 

Khulna and Satkhira areas of the coast. Naogaon is not only a hotspot, but it also exposes cross-regional 

vulnerability as regards to a climate shock. 
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Figure 6. Districts with Maximum Coverage: (a) No Drought; (b) Mild Drought; (c) Moderate Drought; (d) 

Severe Drought; (e) Extreme Drought; (f) Exceptional Drought 

Figure 6f (Exceptional Drought) represents Sylhet (northeast delta) and Khulna (southwest coast) are buckling 

under catastrophic exceptional droughts. Sunamganj, Bagerhat, and Satkhira come next, illustrating that any water-

rich environments can fail amid severe droughts –compromising food systems. 

5. Discussion 

The combination of individual indices (VCI, PCI, TCI, SCI) produced an index called the Advanced Drought 

Response Index (ADRI), which was effective in describing cumulative drought impact. ADRI presented a 

moderate viewpoint because it considers the supply-side (precipitation and soil moisture) and demand-side 

(vegetation and temperature stress) factors. This index allowed the distinction of mild, moderate, severe, extreme 

and exceptional drought conditions and this is valuable information to be applied in specific drought management. 

The drought severity map indicated a slight variation in the spatial patterns and so drought is not identical, and it 

is intense and extensive across various areas. As an illustration, districts such as Rangamati (5436 sq.km), 

Bandarban (4431 sq.km), and Khagrachhari (2436 sq.km) did not suffer the effects of drought as compared to 

districts such as Naogaon, Mymensingh and Sylhet which were moderate and exceptional drought-prone areas. In 

this way, we discovered that there was a mild drought on approximately 47,777 sq.km and a moderate drought on 

more than 32,179 sq.km. Relatively, on the other hand, only 61.71 sq km had exceptional drought. These 

differences demonstrate that the mixture of various indices provides a more specific and realistic view of drought 

in various countries, both extreme drought in Sylhet and drought-free Rangamati. This geographical difference 

signifies how effective a multi-index approach could be in the localization of hotspot regions. When some types 

of paper on drought monitoring have been studied, it is seen that the application of a single index of drought, such 

as NDVI, does not give the entire picture of drought. Our finding confirms this: even though vegetation looks 

green, districts such as Faridpur and Mymensingh are moderately dry due to soil or rainfall-based stress, which 

can be detected by ADRI only. The findings and data analysis have great implications relating to the preparedness 

and resilience of nations to droughts. This study aids in the formulation of district-level drought hotspots with high 

temporal resolution, which will be useful in formulating drought contingency plans, crop insurance districts, and 

water resource allocation plans. The integration of this method in national drought early warning systems may 

improve the ability of the policy makers and disaster management institutions to start timely interventions and 

minimize the agricultural and socio-economic losses. The severity classification of drought created through ADRI 

could be used to create the basis of an effective drought early warning system. The spatial deliverables of this 

proposal, together with the historical patterns of droughts and meteorological projections, can be used to create 

preemptive observation platforms. Existing information on drought risks must be timely shared with local 

administrations and farmers to enable the emergence of adaptive decisions to be made, such as switching crops, 

water conservation measures and soil moisture level management measures. Applications of the open-source 

remote sensing data also make such systems cost-effective and scalable when it comes to implementing such 

systems in developing nations such as Bangladesh. Despite the merits of this research, there are a number of 

limitations that need to be mentioned. The use of satellite-based indices (PCI, VCI, TCI, SCI) brings in the 

uncertain aspect of cloud cover, image resolution, and atmospheric disturbances in areas, especially during the 
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monsoon periods. The lack of ground-truth validation suggests that satellite-based classifications cannot be used 

to validate against the real-time drought conditions on the ground 

 

6. Conclusion 

 

The Advanced Drought Response Index (ADRI) effectively captured spatial and temporal drought variations, 

outperforming the single-index methods. Findings highlight that the northwest region is highly vulnerable to 

moderate and severe drought, while the southeastern hilly regions show strong resilience due to topography and 

rainfall. The northeast is experiencing an unanticipated severe drought scenario. This study's framework aids in 

illustrating better resource planning and drought early warning systems. Despite limitations in satellite data and 

ground validation, this approach can be considered a scalable, cost-effective tool for national drought monitoring. 

All things considered, this study strengthens Bangladesh's ability to manage drought risk proactively and adapt to 

climate change. 
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