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ABSTRACT 
 

Kriging as a Geospatial interpolative delineation of optimal radial distance around existing rainfall 
stations with in the purview of flat land (1-3 %) watershed (Hti-2 4D7B3) situated in Krishna basin. 
The smaller (15 and 30 min) and medium (45 min to 1h 45 min) events of the were analyzed 
focusing on their distribution whereas events of longer duration (>2 h) analyzed with their depth 
across 14 gauging stations. Analysis of 14 gauged rainfall network stations and their corresponding 
rainfall data during 2014-2020 used to derive relationship between recurring events of classified 
duration (15 min to 2 h) vis-a-vis weighted influence of number and depth due to spatial morphology 
and limitations of watershed. The event vise rainfall network distribution of Huti-2 watershed found 
to be significantly uniform in number and depth within the radial distance upto 3 km around each 
station prevailed by strong coefficient of determinant (R2) more than 0.8. 
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1. INTRODUCTION  
 
"Rainfall is a phenomenon characterized by 
continuous variability in both space and time..." 
[1,2], rain gauges help provide representative 
and localized measurements of rainfall to a 
limited spatial extent. Over the vast areal space 
of the globe, rain gauge networks are too sparse 
(or completely missing) to capture the near to 
factual variability of the precipitation systems in 
space and time. The current knowledge 
regarding the impact of spatial variability of 
rainfall due to geomorphologic and climatological 
response is also limited [3]. There is strong need 
for evaluation of its significance in comparison to 
basin physiography and climatology. The study 
intends to assess the accounting of the spatial 
reliability of rainfall at watershed scale (about 
40,000 ha) derived from existing network of 
stations characterized during the period of 2014 
to 2020 in terms of depth and numbers. The 
observations which point about basin 
physiography which mitigates the impact of              
lower rainfall intensities, while higher rainfall 
intensities expected to supersede other factors 
are analysed for its effectiveness [4]. The                  
spatial variability of median and higher depth of 
rainfall though complex is observed to have 
significant correlations with change in 
geographical location, latitude and topography 
[5].  

 
2. MATERIALS AND METHODS 
 
The Huti-2 Watershed (4D7B3) being part of a 
Krishna Upper (KRU) sub-basin constitutes itself 
as a 3rd in order, among 36 number of 
watersheds. The watershed (430.36 sq. km) 
extends from North latitudes of 16°3‟20.93” to 
16°15‟46.22” and East longitudes of 
76°25‟32.60” to 76° 45‟48.49” covering its area 
in Lingsugur taluk of Raichur District in 
Karnataka. The main valley with a total length of 
60.41 km, flows initially towards East (51.81 km), 
then turns northward and joins to the main valley 
of Krishna Upper Sub-Basin. During its                     
course along the main valley, it losses 220.00 m 
(500.00 m to 280.00 m RL) of its elevation out of 
which it suddenly finds a steep fall of 176 m (487 
m to 311 m RL) near to the outlet (Location: 
Golapalli Village limits near to the Tinthani 
Bridge). 
 

2.1 Geomorphological and Rainfall 
Analysis 

 

The hierarchical stream network system and its 
properties were studied using appropriate 
procedures to quantify shapes and relief where 
order ranges from 5th to 3rd (Fig. 1 and Table 1). 
The temporal distribution of rainfall was 
measured in terms of 15 min interval in each 
year across the study period (2014-2020) 
gauging stations (14 No) that situated in the 
selected watershed (Fig. 1). The depth in each 
rainfall events during the duration in multiple of 
15 min,(30 min, 45 min 1 h, 1 h 15 min, 1 h 30 
min, 1 h 45 min and 2 h) interval are analyzed to 
explore distinctions across the network in terms 
of number (mm) (Table 2). The rainfall events of 
each year were divided into classes with those 
events with duration less than 2 hr and that of 
those with more than 2 hr duration. The former 
class was subjecting to analytics of the number 
of rainfall events where as later by subjecting the 
cumulative depth in their respective duration 
(Table 4). The numbers accumulated in each 
interval of 15 min of duration and their multiples 
(<2 h) were subjected for interpolation adopting 
the kriging method. Similarly those depth 
accumulated over the period with 2h also 
subjected for interpolation. 
 

2.2 Kriging-Based Geostatistical 
Approach 

 

Event wise rainfall data from digital raingauge 
system during the observational years (2014-
2020 ) sorted into periods from 15 min to larger 
duration event (maximum extent of 5 h) in the 
multiples of 15 min of spatial variability which 
varied from 150 No to 260 No across the stations 
recorded in years of observation (Table 2). The 
rainfall data verified for its quality, completeness, 
and consistency and missing or erroneous data 
was identified removed at the same time. The 
spatial distribution of rainfall was explored using 
descriptive statistics and visualization 
techniques. This included generating interpolated 
maps of mean, standard deviation, and 
coefficient of variation of rainfall across the study 
area. Spatial analysis techniques such as 
variogram analysis, kriging, and geostatistics 
used to analyze the spatial structure of rainfall 
variability and identify spatial patterns and 
trends. The statistical models validated using 
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goodness-of-fit tests (R2) to assess the accuracy 
and reliability of the models [6]. 
 
Kriging is known as one of the best linear 
unbiased estimators in geographical statistics 
method. This method extracts values from 
surrounding known point to predict the unknown 
values at unsampled point. Ordinary kriging 
estimates unknown data linearly based on weight 
from observed data. It minimizes error occurred 
while estimating unknown value at desired point. 
In the conducted research, spatial interpolation 
was employed utilizing the kriging method, 
specifically emphasizing the circular model. This 
approach was chosen based on rigorous 
comparison against alternative interpolation 
models, wherein the root mean square error 
(RMSE) values were meticulously evaluated. The 
selection of the circular model within the kriging 
method stemmed from its demonstrated 
superiority in minimizing the disparity between 
estimated and measured data points. 
Comparative analysis showcased notably 
reduced RMSE values when employing the 

circular model in contrast to other interpolation 
methodologies. This empirical validation 
underscores the efficacy of the circular kriging 
model for spatial interpolation within the specific 
context of this research, accentuating its 
proficiency in accurately estimating values at 
unmeasured spatial locations when compared to 
competing interpolation methodologies. This 
method prevents deviation in results by weight 
constraints, while the weight constraints rely on 
the semi-variogram. The variogram function 
describes the spatial correlation between rainfall 
variable as well as rainfall and elevation under a 
stochastic interpolation approach [7]. 
 
The rainfall events (small and medium range) of 
shorter and medium duration (15 min to 1 h 45 
min) received across the 14 gauging stations 
were segregated and analyzed in terms of their 
numbers using both kriging method and 
descriptive statistics (Table 3). Those events with 
2h duration (7 No) assessed for their spread and 
advancement in terms of depth across the 
stations at step interval of 15 min (Table 4). 

  

 
 

Fig. 1. Study watershed (Huti-2) prevailed with semi-arid climatic condition watershed with 
area of 40,000 ha in Raichur District of Karnataka 
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Table 1. Stream network properties of Huti-2 watershed (4D7B3) in Raichur District of Karnataka 
 

Stream 
network 

Watershed 
scale 

Time of 
concentration 
range (min) 

Number of 
stream 
network 
(No.) 

Range 
of Main 
valley 
length 
(km) 

Area (ha) Relief 
Ratio (per 
cent) 

Elongation 
ratio 

Circular 
ratio 

Bifurcation 
ratio 

Compactness 
coefficient 
(Cc) 

Shape 
factor 

6th Synoptic scale 500.24 and 577.31 1 60.41 43036 0.36   3.42-6.37   
5th 450-400 1 39.2 18988 0.26 0.40-0.52 0.26-0.44 1.50-1.97 4.79-8.09 

250-200 1 16.93 5768 0.55 
200-150 - - - - 
150-100 1 10.66 2370 1.49 

4th Meso scale 211-150 12 6.29-17.7 749-2946 0.37-1.14 0.34-0.80 0.16-0.49 0.25-0.75 1.43-2.46 2.01-11.34 
150-100 9 4.15-6.33 327-1604 0.43-1.49 
100-50 1 2.711 284 0.77 

3rd 211-150 1 8.27 749 0.69 0.36-0.83 0.24-0.61 1.25-2.04 1.85-9.75 
150-100 36 2.96-8.03 126-872 0.34-1.53 
100-50 82 1.06-4.27 50-386 0.30-2.41 

Total   145         

 
Table 2. Distribution of rainfall events (15 min to more than 5 h period) received across situated Rain gauge stations (14 No) during 2014-20 across 

rain gauging station 
 

Year Small duration events Medium duration events Large duration events  

15 min RF 
event (No 

30 min RF 
event (No) 

45 min RF 
event (No) 

1 h RF 
event (No) 

1 h 15 min 
RF event 
(No) 

1 h 30 min 
RF event 
(No) 

1 h 45 min 
RF event 
(No) 

> 2 h RF 
(2-3 h) 
events 
(No) 

3-4 h  RF 
events 
(No) 

4-5 h RF 
events 
(No) 

>5 h 
RF events 
(No) 

Annual RF 
depth 
(mm) 

2014 93-117 16-34 10-21 4-11 3-8 1-6 0-5 60 24 19 3 648.68 
2015 41-87 10-24 1-13 1-10 0-5 0-4 0-5 35 10 6 0 455.79 
2016 51-125 14-29 2-16 3-16 0-8 0-5 0-3 16 6 1 0 377.86 
2017 41-125 14-39 3-22 2-12 1-9 0-5 0-4 57 18 5 1 606.75 
2018 49-96 5-23 1-16 1-6 0-4 0-5 0-1 7 4 0 2 298.82 
2019 66-153 13-35 4-18 3-12 0-4 0-5 0-4 31 9 1 0 484.75 
2020 29-184 9-42 3-21 1-12 1-8 0-4 0-5 33 12 17 8 586.32 
Average 72 -112 17-28 8-15 4-10 2-5 1-3 1-2      
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Table 3. Goodness of fit (R2) of predicted rainfall events (15 min to 1 h 45 min duration) with incremental radial distance (1km to 8Km) around each 
gauging station 

 
Year Small duration events Large duration events 

15 min 30 min 45 min 1 h 1 h 15 min 1 h 30 min 1 h 45 min 

2014 0.79 0.11 0.92 0.30 0.01 0.75 0.90 
2015 0.96 0.35 0.01 0.46 0.01 0.04 0.68 
2016 0.16 0.26 0.84 0.64 0.19 0.08 0.93 
2017 0.95 0.74 0.02 0.10 0.00 0.03 0.02 
2018 0.63 0.94 0.02 0.25 0.06 0.17 0.04 
2019 0.95 0.24 0.03 0.27 0.06 0.75 0.91 
2020 0.60 0.95 0.92 0.99 0.00 0.52 0.63 
No. of year where 
R2 0.6-0.8 

03 01 0 01 0 02 02 

No. of year where 
R2 >0.8 

03 02 03 01 0 0 3 

 
Table 4. Variability of Cumulative rainfall depth (mm)of rainfall events (7) of Longer duration (2 h) observed at Rainfall gauging stations (14 No) 

located in Huti-2 watershed 
 

Year Date and time 15 min 
RF (mm) 

30 min 
RF (mm) 

45 min 
RF (mm) 

1 h 
RF (mm) 

1 hr 15 min 
RF (mm) 

1 hr 30 min 
RF (mm) 

1 hr 45 min 
RF (mm) 

2 hr 
RF (mm) 

2014 25/10/2014 (15:30 pm-17:30 and ± 30 min 
time lag ) 

0-3 0-5 0-12 0-20 0-22.5 0-24 0-26 0-28 

2015 08/09/2015 (20:15 pm-22:30 with ± 30 min 
time lag) 

0.5-29 1-40 1.5-43 2-45 2-45.5 2-51.5 2-54.5 2-62 

2016 09/09/2016 (18:45 pm-20:45 pm with ± 30 min 
time lag) 

0-15.5 0-34 0-35 0-36 0-38 0-38.5 0-39 0-39.5 

2017 06/09/2017 (6:00 am-8:00 am with ± 30 min 
time lag. ) 

0.5-28 1-29 1.5-30 2-32.5 2.5-36.5 3-38 3.5-38.5 4-39.5 

2018 18/09/2018 (00:00 am-2:00 am with ± 30 min 
time lag.) 

0.5-2 1-3.5 1.5-5.5 2-9 2.5-10 3-11 3.5-16 4-17.5 

2019 19/09/2019 (00:00 am-2:00 am with ± 30 min 
time lag.) 

0.5-22.5 1-29.5 1.5-34 2-34.5 3-35 4.5-36 5.5-45.5 6-55 

2020 16/08/2020 (04:00 pm-06:00 pm with ± 30 min 
time lag.) 

0.5-8.5 1-9.5 2-10 3-10.5 4.5-12.5 5-15 6-15.5 7-17.5 

Mean  16 22 24 27 29 31 34 37 
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Table 5. Goodness of fit (R2) of predicted rainfall depth (2 h duration) with buffering radius (1-3Km) corresponding to each gauging station 
 

Year 15 min Cumulative 
30 min 

Cumulative 
45 min 

Cumulative 
1 hr 

Cumulative 
1 hr 15 min 

Cumulative 
1 hr 30 min 

Cumulative 
1 hr 45 min 

Cumulative 
2 hr 

2014 0.86 0.91 0.95 0.98 0.96 0.97 0.94 0.87 
2015 0.83 0.84 0.88 0.93 0.97 0.86 0.92 0.96 
2016 0.86 0.86 0.87 0.83 0.81 0.97 0.94 0.94 
2017 0 0.01 0.06 0.03 0.09 0.13 0.16 0.16 
2018 0.95 0.92 0.89 0.84 0.87 0.96 0.97 0.98 
2019 0.04 0.05 0.17 0.25 0.27 0.25 0.03 0.19 
2020 0.97 0.96 0.96 0.96 0.93 0.92 0.92 0.93 
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Fig. 2. Annual Rainfall in mm for the study area from 2014-2020 
 
The probable occurrence of rainfall events has 
been estimated at buffering distance ranging 
from 1.0 km to 8.0 km in incremental way around 
each rain gauging station against measured 
numbers in each year. The statistical inference 
has been carried out to evaluate the mean of the 
events. The rate and extent of cumulative spread 
of rainfall event and its intensity across all 
stations at each time interval (15 min) were 
evaluated for probable depth of occurrence at 
buffer radial distance ranging from 1 km to 8 km. 
 

3. RESULTS AND DISCUSSION 
 
The variance due to distribution of rainfall in 
terms of depth, frequency and intensity are 
considered to be valid to an limited radial extent 
[7] hypothesis has been analysed and tested by 
considering the study of diverse rainfall events 
received within the boundary of Huti-2, a typical 
flat land watershed (43035.79 ha) in Krishna 
basin. In case of Huti-2 watershed which 
represents semi-arid situations receivable large 
number of rainfall events are smaller duration 
(<15 min), medium duration (15 min to 1 h 45 
min) with lesser size and a fewer larger durations 

(>2 h and above). The analysis of rainfall events 
for the period of 2014-2020 across 14 rainfall 
gauging stations fairly receive small duration 
events in the range of 9-184 numbers where as 
medium duration ones with 1-21 numbers and a 
few longer duration ones of 0-60 numbers 
indicating the complexity of occurrence both in 
terms of space and time within the extent of 
watershed scale (43035.79 ha) [8]. 
 
Such variability has provided scope for need of 
assessing of spatial variance and as a pre curser 
for relative positioning of rain gauging stations 
with in the watershed area. The short and 
medium range rainfall events are relatively higher 
in number but lower depth of incidence and 
hence, their analysis carried out separately, 
whereas a few events (07 No) with longer 
duration(2 h) studied from the perspective of 
intensity of spread of individual event across all 
gauging stations with the passage of time and at 
step interval of 15 min till it subsides in 2 h.  
 
The interpolation of numbers in case of short and 
medium events, and respective depths in case of 
duration more than 2 h through ordinory kriging 
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(circular model) which interpretated probable 
distinction at a radial distance of 1 to 8 km                
with incremental step of 1 km from each station. 
The depth of accumulation in the buffering zone 
with varied radial distance (1 km-8km) has 
influenced by intensity and duration of event.     
The measured rainfall events for an interval           
of 15 min varied between 72 -112 number              
(Fig. 3 (a)) across all gauging stations                          
(14 No) which reduced to 17-28 No (in case                   

of 30 min event followed by 8-15 (45 min event), 
4-10 (1 h event), 2-5 (1 h 15 min event), 1-3 (1 h 
30 min event) and 1-2 (1 h 45 min event)                    
(Fig. 3 (b) and Table 2) indicating decreasing 
number of with incremental increase in order of 
duration [9], this scenario represents variability of 
rainfall across prevailing semi-arid condition              
with lower elevation (300-400 m MSL) and 
located at leaward side of western ghats of South 
India. 

 

 
(a) 

 
(b) 

 
Fig. 3. Distribution of interpolated rainfall events (No) across watershed due to prevailing rain 

gauging stations with duration (a) 15 min (b) 1 h 45 min 
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(a) 

 
(b) 

 

Fig. 4. Sequential interpolated distribution of rainfall depth at 15 min interval measured across 
existing gauging station (a) event date18th September 2018(depth 9.32 mm), (b) event date 16th 

August 2020(depth 10.82 mm) 
 
The depth of rainfall appended cumulatively 
under jurisdiction of rainfall station at an interval 
of 15 min to 2 h duration. There were 7 events 
selected based on their wide coverage and 
substantial depth. The maximum depth of an 
event of 2 h duration was observed in 2015 (62 
mm) whereas minimum in the year 2018 and 
2020 (17.5 mm) as observed in Table 4, and Fig. 
4 (a) and (b) as the similar echo results found in 
Othman et al., [10]. 
 

The range of goodness of fit (R2) as an estimator 
of spatial correlation in each year between 
rainfall event (No) vis-a-vis incremental radial 
with respect to from each of the station located 
within the purview of watershed was found to 
spread in the range of 0-0.99 randomly (Table 3). 
However, on an annual average value of (R2), 
there were 3 years with 0.6-0.8 in case of 15 min, 
which reduced to 2 years in case of 1 h 30 min 
and 1 h 45 min, and further fallen down to 1 year 
in case of 1 h duration and except encase of 45 
min and 1 h 15 min (0 years). The number of 
year where annual average R2 value more than 
0.8 in case of 15 min, 45 min and 1 h 45 min 
were 3 years and which is reduced to 2 years in 

30 min duration and 1 year in case of 1 h 
duration having exception in case of 1 h 15 min 
and 1 h 30 min.  
 

When the rainfall event with larger duration (>2 
h) events subjected to their cumulative depth 
(mm) for analysis of events of 15 min to 2 h 
reliable influencing zone with upto3 km radial 
distance, (R2>0.8) in case of more than 5 years 
of data except in two years (2017 and 2019) 
where R2 value reduced to 0-0.27(Table 5 and 
Fig. 5). The rainfall distribution in terms of 
number has exhibited significance for smaller to 
medium duration events, whereas depth of 
rainfall receivable during large duration events 
(2-4 No. per year) would be suitable for their 
interms of distribution with advancemental of 
rainfall. The results show that radial influence to 
an extent 3 km from the gauging station located 
within the watershed would be reliable to 
highlighting the influence of topographic relief, 
land forms and location of watershed itself with 
respect of mean sea level and such influence 
rainfall pattern and indirectly as location and 
number of rain gauges in a optimal networks    
[11-13]. 
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Fig. 5. Rainfall Spatial Correlation vis-à-vis rain gauge station from 2014-2020 
  

4. CONCLUSIONS 
 
The observation made with respect to rainfall 
analysis revealed strong regional trends, with an 
increase in rainfall from Bengal branch i.e. SE to 

NE. Locally, significant correlations were found 
with aspect, topography, slope and altitude. A 
strong daily pattern can be observed, with most 
rainfall occurring in the afternoon, between 14 to 
19 h and followed by in mid night 0: 15 am to 4: 
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00 am. The small scale intermittency of rainfall 
could affect the comparison between rain gauge 
measurements and remote-sensing based 
rainfall estimates. 15 and 30 min duration rainfall 
events are localized in manner and these are 
anticipate to be controlled by local micro climate. 
Long duration rainfall events are uniformly 
spread across the watershed and it is depends 
on elevation, location (latitude and longitude) and 
vegetation and land cover. Depth of rainfall in the 
study area is depends on direction of wind flow, 
cloud movement, distance from sea shore. 
Spatial variability in rainfall at varied location is 
very high. Although rainfall is strongly correlated 
at distances of 3km with goodness of fit (R2) 
more than 0.8. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Anonymous, National Research Council. 

Global Energy and Water Cycle 
Experiment (GEWEX) Continental-Scale 
International Project: A Review of Progress 
and Opportunities; 1998. 

2. Krajewski WF, Ciach GJ, Habib E. An 
analysis of small-scale rainfall variability in 
different climatic regimes. Hydrological 
sciences journal. 2003 Apr 1;48(2):151-62. 

3. Wang HJ, Merz R, Yang S, Tarasova L, 
Basso S. Emergence of heavy tails in 
streamflow distributions: the role of spatial 
rainfall variability. Advances in Water 
Resources. 2023 Jan 1;171:104359. 

4. Saharia M, Kirstetter PE, Vergara H, 
Gourley JJ, Emmanuel I, Andrieu H. On 
the impact of rainfall spatial variability, 
geomorphology, and climatology on flash 
floods. Water Resources Research. 2021 
Sep;57(9):e2020WR029124. 

5. Buytaert W, Celleri R, Willems P, De 
Bievre B, Wyseure G. Spatial and temporal 

rainfall variability in mountainous areas: A 
case study from the south Ecuadorian 
Andes. Journal of hydrology. 2006 Oct 
15;329(3-4):413-21. 

6. Fung KF, Chew KS, Huang YF, Ahmed 
AN, Teo FY, Ng JL, Elshafie A. Evaluation 
of spatial interpolation methods and 
spatiotemporal modeling of rainfall 
distribution in Peninsular Malaysia. Ain 
Shams Engineering Journal. 2022 Mar 
1;13(2):101571. 

7. Webster R, Oliver MA. Geostatistics for 
environmental scientists. John Wiley & 
Sons; 2007 Oct 22. 

8. Ab Rahman AK, Abdullah R, Balu N, 
Shariff FM. The impact of La Niña and El 
Niño events on crude palm oil prices: An 
econometric analysis. Oil Palm Ind Econ J. 
2013;13: 38-51. 

9. Daly C, Neilson RP, Phillips DL. A 
statistical-topographic model for mapping 
climatological precipitation over 
mountainous terrain. Journal of Applied 
Meteorology and Climatology. 1994 
Feb;33(2):140-58.  

10. Othman MA, Zakaria NA, Ghani AA, 
Chang CK, Chan NW. Analysis of trends of 
extreme rainfall events using Mann Kendall 
test: A case study in Pahang and Kelantan 
river basins. JurnalTeknologi. 2016 
Mar;78(9-4):63-9. 

11. Ciach GJ, Krajewski WF. Analysis and 
modeling of spatial correlation structure in 
small-scale rainfall in Central Oklahoma. 
Advances in Water Resources. 2006 Oct 
1;29(10):1450-63. 

12. Chebbi A, Bargaoui ZK, Cunha MDC. 
Optimal extension of rain gauge monitoring 
network for rainfall intensity and erosivity 
index interpolation. Journal of Hydrologic 
Engineering. 2011;16(8):665-676. 

13. Svoboda V, Máca P, Hanel M, Pech P. 
Spatial correlation structure of monthly 
rainfall at a mesoscale region of north-
eastern Bohemia. Theoretical and Applied 
Climatology. 2015 Jul;121:359-75. 

 

© 2023 Shashikanth et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/111184 

http://creativecommons.org/licenses/by/2.0

