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Abstract: 

In the recent past, low-lying areas next to riverbanks and urban agglomerations have witnessed 

frequent floods due to inadequate mapping of flood zones and rapidly growing impervious 

areas in cities/towns. This inadequacy is due to the use of design storms for runoff estimates, 

which do not account accurately for antecedent moisture conditions (AMC). Furthermore, 

when using daily rainfall data, capturing accurate runoff estimations becomes challenging as 

rainfall characteristics such as duration and intensity are not accounted for. These problems 

can be addressed with long-term hourly rainfall data. However, most gauging stations in India 

have long-term daily rainfall data and hourly data for the last few years. There are various 

global methods to overcome this data limitation by disaggregating daily data into hourly data. 

However, well-established, peer-reviewed research on this process is still in its infancy in India. 

Therefore, a methodology has been developed to disaggregate long-term daily rainfall data into 

hourly rainfall using statistical and probabilistic principles based on sample hourly data. The 

runoff estimates derived from disaggregated data closely match those obtained from actual 

hourly data with similar characteristics when simulated over the Belagavi city catchment area. 

The methodology developed relies on sample hourly rainfall, making it scalable across various 

locations and holds promise for resilient urban stormwater infrastructure planning in the 

absence of long-term hourly rainfall data.  

 

Key Words: Rainfall Data, Hydrological Model, Time of Concentration, Stormwater 

Infrastructure, Antecedent Moisture Conditions.       
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1 Introduction  

Runoff generated from rainfall depends not only on its intensity and duration but also on the 

antecedent moisture conditions preceding the rainfall. Hence, to improve hydrological and 

hydraulic (H & H) modelling accuracy, engineers are shifting from design storms to continuous 

hourly and sub-hourly rainfall data collected through a network of local rain gauges. This 

approach accounts for moisture conditions, spatial variations, and temporal fluctuations, 

ensuring accurate runoff representation—a vital consideration for stormwater infrastructure 

and flood mitigation. 

However, in India, hydrological analysis is usually carried out based on design storms derived 

from the Indian Meteorological Department’s (IMD) rainfall atlas, iso pluvial maps or 1/3rd 

rule. The models based on these design storms do not capture pre-event hydrological conditions 

in the catchment. Therefore, runoff estimates are either underestimated or overestimated 

depending on assumptions. Urban India faces flooding risks due to this inadequate stormwater 

infrastructure planning [1], exacerbated by climate change and urbanisation.  

To avert these flooding issues, accurate runoff peak estimates using hourly rainfall data are 

essential. However, most Indian gauging stations provide long-term daily rainfall data, which 

is insufficient for continuous H & H modelling, as it fails to capture actual rainfall intensity 

patterns. Therefore, disaggregating long-term daily data into hourly timesteps is necessary. 

Many models have been developed to downscale daily rainfall to hourly rainfall. Glasbey et al. 

[2] used the calibrated Bartlett - Lewis model to disaggregate daily rainfall into hourly rainfall. 

However, here, the drawback is that disaggregated values are to be scaled to match measured 

rainfall values, as the reference storms do not preserve the statistics of the regions. Similarly, 

D. Koutsoyiannis et al. [3] have also published a paper on the disaggregation of daily rainfall 

into hourly rainfall based on the Barlett-Lewis model.  

Furthermore, Scott Socolofsky et al. [4] carried out stochastic disaggregation of daily rainfall 
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data into hourly rainfall data based on a sample of hourly rainfall data from a nearby rain gauge 

instead of statistical distribution systems. Moreover, Andreas Efstratiadis et al. [5] have 

attempted to address the Barlett-Lewis model’s drawback using a multivariate stochastic model 

for the generation of synthetic time series reproducing long-term persistence. More recently, 

Heeseong Park et al. [6] have used a nonparametric stochastic approach for the disaggregation 

using 3-day rainfall patterns. While the three-day rainfall patterns do help preserve the 

characteristics of the rainfall, the same condition also limits the generalisation of the 

methodology.  

Like the above studies, this study aims to disaggregate long-term daily rainfall data into hourly 

intervals. Furthermore, this study assesses the utility of the methodology by comparing runoff 

estimates of disaggregated data with actual rainfall data. 

2 Study Area  

The area selected is Belagavi City in Karnataka, India. The city drains water in three directions 

and has a total watershed area of about 400 sq. km. Two watersheds with catchment areas of 

182.4 sq. km and 193.17 sq. km drain water from southwest to northeast direction, and another 

small watershed drains the water to the southwest. Figure 1 below shows the watershed area of 

the city.  

IMD’s (0.25 o X 0.25o) gridded daily rainfall data, extracted using open-source python code, is 

considered for disaggregation. The city overlaps with two grids, i.e. (74.5, 16, & 74.5, 15.75); 

both grids' data have been used for the analysis. Figure 1 shows the above grids overlapped on 

the watershed boundary. Hourly rainfall data from Gundapi raingauge station from 2014 – 2019 

has been used as the sample hourly rainfall for framing disaggregation rules as the annual 

characteristics are comparable to Belagavi’s rainfall.  
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3 Methodology 

The disaggregation framework has been developed through an analysis of rainfall distribution 

using CDF ratios and typical hyetograph shapes based on probabilistic event durations. First, 

the largest 200 events of sample hourly data are analysed to determine the typical rainfall 

durations using the probabilistic mass function. Subsequently, a time distribution analysis has 

been conducted on all the largest events of the typical rainfall duration events using the 

cumulative distribution function to quantify rainfall distribution within those durations. Finally, 

using the distribution factors and typical hyetographs, rainfall patterns are derived, and 

disaggregation rules are framed to disaggregate 100-year daily rainfall data using a python 

code.  

Furthermore, design storms have been developed based on the Indian Meteorological 

Department’s (IMD) 1/3rd rule. Finally, rainfall-runoff simulations are conducted on a 

catchment area of Belagavi city using disaggregated rainfall data, design storms, and actual 

rainfall as inputs. The resulting runoff estimates are then compared to establish the utility of 

disaggregated data for stormwater management in the absence of long-term actual hourly 

rainfall data.   

4 Rainfall Analysis  

Usually, in India, rainfall duration could be one to three hours for short and medium-intensity 

rainfall events and between 4 – 8 hours for large rainfall events. [7] The rainfall may occur for 

any of the mentioned durations, and intensity distribution throughout the event is not uniform.  

Hence, rainfall events are to be studied statistically to understand their characteristics.  

4.1 Rainfall Events Analysis  

The initial step in rainfall disaggregation is understanding the event characteristics such as 

intensity, duration, and frequency (IDF). As a first step, the typical durations of rainfall events 
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are analysed for Gundapi RG’s largest 200 events. The analysis is done using ‘NetSTORM’, a 

software for precipitation analysis. [8]. Figure 2 displays the probability mass function (PMF) 

and cumulative distribution function (CDF) of event durations. The graph demonstrates a 

decreasing probability of longer rainfall durations, consistent with standard findings. 

Additionally, the CDF chart reveals that 90% of events have durations under 6 hours. Beyond 

6 hours, there's limited additional rainfall volume. Consequently, this study considers a 

maximum daily rainfall duration of 6 hours for framing disaggregation criteria. 

4.2 Time Distribution Analysis  

After determining the maximum event duration, the distribution of rainfall over the event's 

duration must be established. For instance, for a 3-hour rainfall event, the rainfall distribution 

(intensity) for each hour is to be determined. This is called distribution analysis (TDA) and has 

been done for 1-hour, 2-hour, 3-hour and 6-hour rainfall events. These durations have been 

finalised based on characteristics of the largest 200 rainfall events.  

4.2.1 TDA – For 1- hour and 2-hour events 

Analysing the largest 200 one-hour events (Figure 2), it is observed that 75% of events had 

total rainfall below 10mm, increasing to 90% when events below 13mm are included. Hence, 

the first disaggregation rule is 'if daily rainfall is less than 10mm, allocate all rainfall to the one 

hour. 

A similar analysis is conducted for two-hour rainfall events, excluding events less than 10mm 

of rainfall. As shown in Figure 2, among the 84 events studied, 80% had a total two-hour 

rainfall between 10-20mm. A TD analysis revealed that 70% had a 1-hour to 2-hour rainfall 

ratio ranging from 0.5 to 0.7, while the remaining 30% ranged from 0.7 to -1, mostly in events 

with lower total rainfall. Hence, a hybrid distribution rule has been devised for 2-hour rainfall 

events. For rainfall events up to 16mm, 10mm shall be allotted for the first hour, with the rest 

in the second hour. For events between 16mm up to 20mm, a factor of 0.6 is considered for the 
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first hour and 0.4 for the second hour.  

4.2.2 TDA – For 3-hour events 

In a similar analysis of 3-hour events, excluding events less than 20mm, the total rainfall varied 

from 20mm to 45mm. Considering CDF of 85 %, the maximum total rainfall for 3-hour events 

is frozen at 41mm, as shown in Figure 2. 

In the distribution analysis, when examining the 1-hour to 3-hour ratio, approximately 80% of 

the 25 analysed events had ratios between 0.41 and 0.79. Given the sparse ratio distribution, 

the TD factor for the 1-hour to 3-hour rainfall is considered 0.56 based on ratio weighting. 

For the 2-hour to 3-hour rainfall ratio, it ranged from 0.61 to 1. In 70% of the events, the ratio 

fell between 0.61 and 0.923, while the remaining 30% had ratios from 0.923 to 1. Again, the 

ratio distribution is sparse, and the TD factor is calculated to be 0.853 based on ratio weighting. 

4.2.3 6-Hour Duration – Rainfall Event Analysis  

Due to a limited sample size of rainfall events with total rainfall exceeding 40mm, statistical 

analysis is impractical. Hence, average ratio values have been used for the disaggregation 

process. The analysis details are in Table 1. 

4.3 Rainfall Pattern Analysis  

The next step involves finalizing rainfall patterns, i.e. hyetograph shapes. This analysis has 

been conducted for 2-hour and 3-hour rainfall events. Conclusions are drawn based on visual 

examination and correlation with calculated TD factors. For 6-hour duration rainfall patterns, 

the available sample size is limited, so a typical 6-hour rainfall hyetograph pattern is 

considered. 

4.4 Framing of Disaggregation Rules  

The disaggregation rules framed based on distribution analysis are as follows: 

• Assign all rainfall events with less than 10mm to 1-hour rainfall. 
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• For events up to 16mm, assign 10mm to the first hour and the remaining to the second 

hour. For events > 16mm, a TD factor of 0.6 is used for the first hour, and 0.4 is used 

for the second hour.  

• For events with 20-41mm rainfall, consider TD factors of 0.56 for one hour, 0.863 for 

2 hours and 1 for 3 hours. The intensity factors would be 0.293, 0.56 and 0.147 for the 

1st hour, 2nd hour and 3rd hour respectively. 

• For events >41mm, consider TD factors of 0.45 for one hour, 0.65 for 2 hours, 0.74 for 

3 hours, 0.81 for 4 hours, 0.905 for 5 hours and 1 for 6 hours. The intensity factors 

would be 0.07, 0.095, 0.45,0.2,0.09 and 0.095 for respective hours from 1st to 6th. 

Based on these rules, a Python code has been developed to disaggregate daily rainfall data of 

both the grids, i.e. (74.5, 16) & (74.5, 15.75) from 1901 to 2021.  

4.5 Development of Design Storms 

Design storms have been developed to compare their runoff estimates with those of 

disaggregated rainfall data. In this study, design storms for 5-year, 10-year, 25-year, and 100-

year rainfalls have been created using IMD's 1/3rd rule. As per this rule, hourly rainfall values 

are calculated using the formula below.   

 

Where,  

Pt = rainfall depth in mm  

P24= annual maximum daily rainfall data in mm  

t= rainfall duration in hours  

Both grids’ annual maximum daily rainfall from 1921 to 2020, shown in Figure 3, is 

considered; hourly rainfall values are calculated using the above formula, and Gumbel’s 

extreme event analysis [9] is carried out to arrive at the design storms for different return 

periods.   
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Figure 3 shows the design storms, in IDF curves form, developed for 5-year, 10-year, 25-year, 

and 100-year return periods.  

5 Watershed Analysis  

The second aspect of the study is the watershed analysis, and the last part is hydrological and 

hydraulic (H&H) modelling. Both these tasks have been performed in PCSWMM, an advanced 

H & H modelling software built on the US EPA SWMM5 engine [10].  

The watershed analysis has been carried out using the Shuttle Radar Topography Mission’s 

(SRTM) Digital Elevation Model (DEM). As shown in Figure 1, the city’s watershed is divided 

into three sub-basins. Two basins drain to the northeast, and the other drains in the southwestern 

direction. A total of 413 sub-catchments have been delineated.  

5.1 Sub-catchment Characterisation 

The next step is the characterisation of delineated sub-catchments based on land use land cover 

(LULC). The sub-catchment characteristics that determine the runoff are slope, % 

imperviousness, infiltration parameters, depression storage, and manning roughness for 

overland flow. The slope of each sub-catchment is automatically determined from the DEM. 

Soil classifications dictate infiltration parameters, and the Green-Ampt model is chosen to 

represent infiltration. The India-WRIS soil map reveals two classifications in the study area. 

The first classification encompasses clay, loamy clay, sandy clay, silty clay, and similar types. 

The second classification combines loamy sand and sand. Infiltration parameters [11] are 

considered based on these classifications. Normalised Difference Built-up Index (NDBI) has 

been used to arrive at impervious areas.  Furthermore, Manning’s roughness coefficient has 

been considered based on land use land cover classifications and stream characteristics for 

overland flow and stream flow, respectively. [12] 
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6 Results 

After rainfall analysis and catchment characterization, the model is simulated to assess the 

runoff estimates. Runoff simulations have been made, with different types of rainfall data as 

input, for three scenarios, as shown below:  

1. Scenario #1 - Runoff estimates with disaggregated rainfall as the input.  

2. Scenario #2 - Runoff estimates with design storms as the input.  

3. Scenario #3 - Runoff estimates with sample hourly rainfall as the input. 

6.1 Comparison of Runoff Results  

Four primary streams, i.e., two (C698 & C646) flowing northward and the other two (C1282 

& C584) flowing southward, are considered for runoff analysis. Figure 1 displays their 

respective locations. 

Comparison of runoff estimates from Scenario #1 and Scenario #2 

In this case, peak runoff estimates for an event from scenario #1, which uses disaggregated 

hourly rainfall, are compared with runoff estimates from an equivalent design storm 

(Scenario#2). To illustrate, let's consider a rainfall event on July 1, 1984. The total daily rainfall 

is 112.5mm, distributed over 6 hours with a peak intensity of 50.64 mm/hr. This closely 

resembles a 25-year return period design storm lasting 6 hours, with a peak intensity of 52 

mm/hr. 

The peak runoff estimates at C1282 for disaggregated rainfall (125.4 cumecs) are slightly 

higher than those generated from the design storm (117.9 cumecs) despite the relatively lower 

peak intensity. This is because the intensity of rainfall leading up to the peak is slightly higher 

in scenario #1, causing quicker soil saturation. Consequently, both peak runoff and total runoff 

from disaggregated hourly rainfall are marginally higher.  

Figure 4 illustrates the rainfall-runoff response of C1282 for both scenarios. The same patterns 
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hold for runoff estimation at other locations (C584, C698, and C646), shown in Figure 1, for 

different return period design storms and their equivalent disaggregated hourly rainfall. Table 

2 below summarizes the runoff characteristics at C1282, along with their percentage variations 

between design storms and disaggregated hourly rainfall. 

Generally, the percentage of variation increases as the rainfall return period increases. While 

the difference in peak runoffs is minor, there's a significant variation in total runoff volume, 

resulting in a greater volume of water to be drained through mainstreams. This leads to delayed 

sub-catchment drainage and introduces the backwater effect, which design storms do not 

account for adequately.  

Comparison of runoff estimates from scenario #1 and scenario #3 

In this case, peak runoff estimates for an event on June 17th, 1951, from scenario #1, which 

uses disaggregated hourly rainfall, are compared with runoff estimates from an actual rainfall 

event on June 22nd, 2015, from sample hourly data (Scenario#3). As shown in Figure 4, for 

both events, the peak rainfall intensity is approximately 40mm/hr. When comparing runoff 

estimates at C1282 (refer to Figure 1) between these two events, the peak runoff at 91.8 cumecs 

and 88.35 cumecs, respectively, for actual rainfall and disaggregated rainfall, closely match 

with just 4% variation. Furthermore, for total runoff generated, the percentage variation is 

reduced to less than 10%, indicating the advantage of using disaggregated data. 

To elaborate on the internal dynamics of rainfall runoff, consider the same event in scenario 

#3; The first event occurs from 3 to 5 AM, totalling 10mm of rainfall. The second event, the 

one under consideration, occurs after two hours, from 7 AM to 10 AM, with smaller rainfall 

intensities following in the end. In scenario #1, which uses disaggregated hourly rainfall, the 

total daily rainfall is consolidated into a single event, yet the runoff estimates for both matches. 

The slightly higher volume of rainfall preceding the peak intensity in disaggregated data 

compensates for the soil saturation rate of the small event preceding the main event in the case 
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of actual rainfall data. Hence, in both scenarios, peak intensities translate into similar runoffs.   

While disaggregated rainfall data may not precisely replicate the specific patterns of multiple 

rainfall events within a day, it has a better probability of runoff estimation that aligns with 

actual flows, which is also the primary purpose of our study. Therefore, for stormwater 

management purposes, it is advisable to prefer disaggregated data over daily data and design 

storms. 

6.2 Limitations of Proposed Methodology   

Rainfall exhibits both temporal and spatial variations. In the disaggregated data analysed, 

spatial variation is considered using two IMD grids. However, temporal variation is not 

accounted for, as all the rainfall is assumed to commence at a specific time of the day. This 

limitation can be addressed by studying the movement of precipitation clouds in the specific 

region. Furthermore, in urban catchments with a sub-hourly time of concentration, relying 

solely on hourly rainfall for stormwater design can result in under-designed drainage systems. 

So, there is a potential for further fine-tuning this methodology to disaggregate long-term data 

into sub-hourly rainfall patterns based on sample sub-hourly data.  

7 Conclusions 

The current study presents a comprehensive methodology for disaggregation of daily rainfall 

into hourly rainfall. A five-year sample of hourly rainfall data was used to determine typical 

rainfall durations through statistical analysis. For these durations, rainfall distribution factors 

were obtained using a probabilistic approach and disaggregation rules were framed and applied 

to 120 years of daily data from IMD. The results show that runoff estimates using the 

disaggregated rainfall data are comparable with the actual rainfall events of similar 

characteristics. The peak runoff variation is less than 5%, and the total runoff variation is less 

than 10% as compared to equivalent design storms, where the variations are up to 17% and 
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84% for peak runoff and total runoff volume, respectively.  

Accurate rainfall-runoff modelling requires factoring antecedent moisture conditions and 

rainfall characteristics, such as intensity and duration. However, these critical factors are not 

captured using daily rainfall data, leading to inaccurate flow estimations.  Similarly, despite 

their prevalence, design storms miss the intricate interplay between rainfall and urban drainage. 

This study reveals an underestimation of total runoff volume, especially in main channels, 

when using design storms compared to actual rainfall events with similar characteristics. This 

volume surge overwhelms first-order drains, causing delayed drainage and backwater effects. 

However, runoff estimates from disaggregated hourly data, unlike design storms, account for 

this critical phenomenon, indicating its advantage in planning robust stormwater systems. 

Beyond these immediate benefits, disaggregated data offers valuable insights into extended 

flow patterns, crucial for integrated water management encompassing rainwater harvesting and 

groundwater recharge. Understanding these patterns unlocks the potential for utilising treated 

stormwater for seasonal needs, furthering a paradigm shift towards sustainable water 

management. Hence, this disaggregation methodology stands as a tool for planning resilient 

stormwater management strategies in data-scarce regions.  
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Table 1 Largest 6-hour duration totals 

6-

Hours 

Total  

Event Date 

1 - 

Hour 

Rainfall  

Ratio 
2 

hours 
Ratio 

3 - 

Hour 
Ratio 

4-

hour 
Ratio 

(2)   (3) (3/2) (4) (4/2) (5) (5/2) (6) (6/2) 

78 6/21/2015 3:00 30 0.38 40 0.513 51.99 0.667 64 0.821 

67.98 07-08-2019 04:00 25.5 0.38 48.5 0.713 53.49 0.787 57.48 0.846 

67.02 06-11-2018 01:00 29 0.43 46.5 0.694 60.99 0.910 61 0.910 

66 10-02-2015 04:00 25 0.38 30 0.455 35.01 0.530 44 0.667 

64.02 6/22/2015 8:00 40 0.62 46 0.719 50.01 0.781 50 0.781 

52.5 9/25/2014 9:00 30 0.57 50 0.952 52.5 1.000 52.48 1.000 

41.52 7/31/2014 7:00 11.5 0.28 18 0.434 21.51 0.518 26 0.626 

41.1 9/27/2018 7:00 30.5 0.74 38 0.925 41.1 1.000 41.08 1.000 

40.5 6/30/2019 17:00 11.5 0.28 19.5 0.481 24.99 0.617 27.48 0.679 

40.02 7/30/2019 4:00 15.5 0.39 25.5 0.637 25.5 0.637 30.48 0.762 

  Average  0.45   0.65   0.74   0.81 
 

 

Table 2 Runoff estimates at C1282 for design storms and disaggregated hourly rainfall.    

Sl # Description 

For Design Storms 
Design storm equivalent 

disaggregated rainfall 
Peak flow 

Variation 

Total Volume 

Variation Maximum 

flow 

(m³/s): 

Total 

flow 

(m³): 

Maximum 

flow (m³/s): 

Total flow 

(m³): 

1 5 Year 82.97 485500 87.3 634100 5.2% 30.6% 

2 10 Year 97.73 581700 102.3 753100 4.7% 29.5% 

3 25 Year 117.9 714400 125.4 1235000 6.4% 72.9% 

4 100 Year 157.4 970000 184.1 1792000 17.0% 84.7% 
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Figure 1 Study area - Belagavi City Watershed 
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Figure 2 a) PMF & CDF of rainfall largest events’ duration b) 1-hour events analysis c) & 

d) 2-hour events TD analysis e) & f) 3-hour events TD analysis 
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Figure 3 a) Annual maximum daily rainfall from 1921-2020 b) IDF Curves 
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Figure 4 Rainfall-runoff response at C1282 for scenario #1, #2 & #3
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