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Abstract. This study examines the characteristics (magnitudes, trends, and frequency of occurrences) of ex-
treme floods in Nepal, a country that is at significant risk from floods. Daily discharge data from 1980 to 2015
of three gauging stations (Chisapani of Karnali Basin, Devghat of Narayani Basin, and Chatara of Koshi Basin)
were used to assess the largest 1 % of flows, the annual top five high flows, and floods of different return periods
(2-, 5-, 10-, 20-, and 100-year). In addition, temporal trend analysis of the flood peaks was carried out using the
Mann-Kendall test and Sen’s slope estimates. Results show that the magnitudes of the largest 1 % flows range
from 6310 to 17 900, from 6967 to 12 100, and from 6080 to 9610 m? s~ ! at Chisapani, Devghat, and Chatara, re-
spectively. The monsoon, especially from mid-June to early September, consistently witnesses over 90 % of 1 %
extreme flows, with August registering more than 51 % of these occurrences. July and August combine for 81 %
of the top five flow events, predominantly in August. Despite insignificant flow changes at a 95 % confidence
level, extreme floods (2-, 5-, 10-, 20-, and 100-year return periods) are concentrated heavily in July and August,
with August’s second fortnight recording the most flood events. This assessment emphasizes July and August as
critical months for extreme floods, aiding Nepalese authorities in planning dynamic resource allocation, disaster
response, and effective flood management.

1 Introduction tricts and completely destroyed or partially damaged more
than 190 000 houses, displaced tens of thousands of people,

] ) ] ) and made many homeless (National Planning Commission,
Floods yield catastrophic consequences: casualties, ravaging 2017).

of infrastructure and property, and uprooting of communi-
ties. Astonishingly, of the 11072 disasters reported globally
between 1970 and 2019, a staggering 44 % were attributed to
floods leading to 330 000 deaths and economic losses worth
USD 3.6 trillion (WMO, 2019). These figures underscore the
urgent need to better comprehend flood behavior and imple-
ment effective flood management strategies, particularly in
vulnerable developing countries.

In the context of Nepal, the recurring specter of floods has
ingrained itself as a formidable natural challenge, wreaking
extensive devastation throughout its topographically diverse
landscape. Nepal is ranked 10th in the world for the highest
percentage of its total gross domestic product (GDP) being
affected by river floods each year (Luo et al., 2015). For ex-
ample, the 2017 floods impacted 35 of the country’s 77 dis-

Past flood-related studies in Nepal delved into different as-
pects of flood disasters. For instance, Bhattarai et al. (2022)
modeled the socioeconomic impacts of floods in the East
Rapti River under climate change. Similarly, Devkota et
al. (2013) used indicators to analyze people’s perceived flood
vulnerability in two southern districts. Moreover, the hydro-
logical cycle has been altered due to land use change (De-
vkota et al., 2023). Thus, a collective analysis of the most
extreme flood magnitudes together with their occurrences,
temporal variation, and trends needs attention. This study at-
tempts to contribute to these aspects.

While extensive research has focused on assessing the
magnitudes of floods (Aryal et al., 2020; Devkota et al.,
2020; Gautam and Dulal, 2013), there remains a notable gap
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Figure 1. Location map of the study area.

in analyzing their temporal distribution. Similarly, most pre-
vious studies, such as Adhikari et al. (2023) and Khatiwada
et al. (2018), were carried out in specific river basins. Hence,
a comprehensive examination of the temporal flood behavior
consisting of the major river basins of Nepal is needed. We
focus our research on addressing these issues.

Therefore, this study seeks to conduct a comprehensive
analysis of extreme flood events considering long-term hy-
drological data, focusing on the temporal distribution of ex-
treme flood occurrences at the outlets of Nepal’s three major
river basins. Specifically, it aims to carry out trend analysis
of the mean daily flood peaks and to analyze the temporal
distribution of the top 1 % of extreme flows, the five highest
annual flows, and floods of different return periods at fort-
nightly resolution.

2 Study area

This study was carried out in Nepal, considering the out-
lets of the three largest river basins: Karnali at Chisapani,
Narayani at Devghat, and Koshi at Chatara (Fig. 1). Table 1
shows the characteristics of the study basins.

3 Methodology

Daily flow data from 1980 to 2015 of three hydrological sta-
tions (Chisapani, Devghat, and Chatara) were obtained from
the Department of Hydrology and Meteorology (DHM),
Government of Nepal. The top 1% of the flows for each
station were extracted for this duration. Similarly, the five
highest flows from the 36 years were also extracted for
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Table 1. Characteristics of the study basins.

Basin Catchment Average  Maximum

(outlet) area annual discharge
(kmz) discharge (m3 s_l)

(m3 s_l)

Karnali 45437 1380 17900

(Chisapani)

Narayani 31747 1514 12100

(Devghat)

Koshi 58273 1526 9610

(Chatara)

each station. The counts of extreme flows across each fort-
night were calculated. The contribution of each fortnight to
the occurrences of these extreme flows was also quantified
for the analysis of the temporal distribution of the top 1 %
flows and the five highest flows. Trend analysis of the annual
maximum of daily flows was carried out using the Mann—
Kendall (MK) test and Sen’s slope estimates. Since the trend
analysis showed that changes in flows are insignificant at a
95 % confidence level, flood frequency analysis of the annual
maximum of daily flows was carried out using the station-
ary approach based on Gumbel’s extreme-value distribution
method for flood magnitudes of 2-, 5-, 10-, 20-, and 100-
year return periods for each of the three stations. The count
of the flows exceeding the magnitudes of different return pe-
riod floods was calculated. The contribution of each fortnight
to the occurrences of these extreme flows was also quantified
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Table 2. Temporal distribution of the top 1 % extreme flows.

Month  Fortnight  Count of the top 1 % extreme flows

Karnali, Narayani, Koshi,

Chisapani Devghat  Chatara

Jun I 1 2 0
I 2 1 3

Jul I 11 16 10
II 13 28 23

Aug I 38 31 28
II 43 36 35

Sep 1 8 14 10
I 6 3 0

Oct I 6 0 0
II 0 0 1

Total 128 131 110

for the analysis of the temporal distribution of extreme flows
of varying return periods.

4 Results and discussion

4.1 Temporal distribution of the top 1 % extreme flows

Table 2 shows the extreme flows from 1980 to 2015
across months and fortnights. It is evident that the high-
est frequencies of extreme flows occur between June and
September. Specifically, from the second fortnight of June
to the first fortnight of September, the majority of the
top 1% extreme flows are recorded, with 90 % (115/128)
occurring at Chisapani, 96 % (126/131) at Devghat, and
99 % (109/110) at Chatara. Among the four months, 63 %
(81/128), 51 % (67/131), and 57 % (63/110) of the highest
1 % extreme flows occurred in August at Chisapani, Devghat,
and Chatara, respectively.

These results reveal several insights. Firstly, the range of
magnitudes for the largest 1 % flows at Chisapani, Devghat,
and Chatara vary considerably across the stations, which
can be attributed to geographical variations and catchment
characteristics. In general, the observed concentration of the
top 1 % of extreme flows during the monsoon season (June
to September) substantiates the widely held notion that the
monsoon period is the highest contributor to such events in
Nepal. However, a new insight is that the preponderance of
extreme flows occurs from the second fortnight of June to the
first fortnight of September, which corresponds to the Nepali
months of Asadh, Shrawan, and Bhadra rather than the en-
tire 4-month monsoon period. Notably, August emerges as
the most pivotal month, accounting for a substantial major-
ity of extreme flood occurrences, possibly due to saturated
soil conditions because of sustained heavy rainfall. Given the

https://doi.org/10.5194/piahs-387-3-2024

Table 3. Trend analysis of the annual maxima at the 95 % confi-
dence level (IZcriticall = 1.96).

Station MK Z value Sen’s slope Significance status
Chisapani 1.28 53.6  Not significant
Devghat —-0.27 —6.6  Not significant
Chatara —1.80 —42.6  Not significant

country’s limited infrastructure and technological resources
for flood management, our analysis underscores the urgent
need for a more dynamic disaster preparedness strategy.
Rather than adopting a blanket approach, our findings en-
dorse the allocation of fewer resources in June, increasing
in July, peaking in August, and decreasing in September to
align with extreme flow patterns.

4.2 Temporal distribution of the five highest flows

Figure 2 depicts the five highest flows from each of the
36 years. Results reveal that July and August account for
more than 83 %, 81 %, and 84 % of the top five flows at Chis-
apani, Devghat, and Chatara, respectively.

Table 4 lists the frequency of occurrences of the five high-
est flows from 1980 to 2015. Furthermore, it is evident that
July and August consistently account for a significant major-
ity of these extremes.

Similar to the previous analysis, this examination rein-
forces the need for a dynamic approach to disaster response
and preparedness, ensuring that resources and strategies are
strategically allocated to coincide with the heightened flood
risk during crucial periods.

4.3 Trend analysis of flood peaks

Trend analysis of the annual maximum of daily flows at
a 95 % confidence level showed statistically insignificant
trends for all the stations (Table 3). Thus, assuming station-
arity in the series, Gumbel’s distribution (Chow et al., 1988),
being simpler and more popular (Adhikari et al., 2023; Aryal
et al., 2020; Dhakal et al., 2023; Dingle et al., 2020), was
used for flood frequency analysis in this study.

4.4 Temporal distribution of extreme flows of different
return periods

Table 5 lists the distribution of extreme flows by months and
fortnights equalling or exceeding floods of different return
periods. In the case of Chisapani, a significant proportion of
extreme floods, approximately 60 % (28/47), is concentrated
in the months of July and August. Notably, August stands
as the primary contributor, accounting for 53 % (25/47) of
these extremes. Moreover, it is evident that the second fort-
night contributes more (52 %, 12/25) to the August floods
than the first fortnight (48 %, 13/25). Interestingly, floods
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Figure 2. Scatterplot of the five highest flows at (a) Chisapani (Karnali), (b) Devghat (Narayani), and (¢) Chatara (Koshi).
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Table 4. Occurrences of the five highest flows in July and August.

Station Month and fortnight July and July July August August
August I I I I

Chisapani  Five highest flows (total count 175) 146 (83%) 14 (8%) 26(15%) 48(27%) 58 (33 %)
Devghat Five highest flows (total count 180) 147 (82%) 17 (9%) 41(23%) 49(27%) 40(22%)
Chatara Five highest flows (total count 150) 127 (85%) 13(9%) 44(29%) 31(21%) 39 (26%)

Table 5. Temporal distribution of flows exceeding floods of different return periods.
Month Fortnight Karnali, Chisapani ‘ Narayani, Devghat ‘ Koshi, Chatara

2 5 10 20 100 2 5 10 20 100 2 5 10 20 100

June I 1 0 0 O 0 0o o0 0 O 0 o 0 0 0 0
I 1 1 1 1 0 0O 0 0 O 0 1 0 0 0 0

July I 2.0 0 O 0 7 0o 0 O 0 8 2 1 1 0
II 1 0 0 O 0 7 4 0 O 0] 18 6 1 0 0

August I 7 2 1 1 8 1 0 0 0|15 3 1 1 1
II 10 2 0 0|10 4 2 1 1|25 4 1 0 0

September I 3 3 2 1 0 4 1 0 0 0 4 1 1 0 0
I 1 0 0 O 0 1 0o 0 O 0 0O 0 O 0 0

October I 2 1 1 0 0 o o0 0 O 0 0o 0 O 0 0
1I 0O 0 0 O 0 0o o0 0 O 0 1 0o 0 0 0

Total 28 9 6 3 137 10 2 1 172 16 5 2 1

with higher return periods (20- and 100-year) tend to occur
more frequently in the first fortnight of August. Similarly,
for Devghat, the majority of extreme floods, approximately
88 % (45/51), are concentrated in the months of July and Au-
gust. August again contributes most (53 %, 27/51) of these
extreme events. Similarly to Chisapani, the second fortnight
accounts for 67 % (18/27) of August’s extreme floods, com-
pared to the first fortnight (33 %, 9/27).

It is notable that the occurrence of floods with higher re-
turn periods (20- and 100-year) is more frequent in the sec-
ond fortnight of August. In the case of Chatara, a remarkable
92 % (88/96) of the extreme floods occur in July and Au-
gust combined, with August accounting for 53 % (51/96) of
these extreme events. A closer examination reveals that the
second fortnight has a larger contribution of 59 % (30/51) of
the extreme floods. Similar to the case of Chisapani, floods
of 20 and 100 years tend to occur more frequently in the first
fortnight of August.

These results reveal interesting flood patterns across the
three stations. As anticipated, the magnitude of peak floods
escalates, while the frequency is reduced with larger return
periods. Nevertheless, the most remarkable revelation is the
prominence of August, which emerges as the month exhibit-
ing the most concentrated instances of extreme floods. These
findings have significant implications for disaster response

https://doi.org/10.5194/piahs-387-3-2024

and preparedness in Nepal, underscoring a greater focus on
the month of August.

5 Conclusions

This study analyzed the temporal distribution of the top 1 %
of extreme flows and the five highest flows annually, and it
examined the occurrences of extreme flows of different re-
turn periods of Nepal at fortnightly resolution.

Our results demonstrate substantial variability in flood
magnitudes across Chisapani, Devghat, and Chatara, with a
pronounced concentration of extreme flows during the sec-
ond fortnight of June to the first fortnight of September, with
August being the most critical month. Additionally, the tem-
poral trends shown by the flood peaks are not significant.
Moreover, the temporal distribution of floods of different re-
turn periods emphasizes the pivotal significance of August
for effective flood management. We conclude that a dynamic
approach to flood disaster preparedness and response is re-
quired for Nepal. Under conditions of constrained resources,
focus on strategic resource allocation that peaks in August
is preferable for enhancing disaster resilience and optimiz-
ing flood management efforts. Future studies could benefit
from expanding the analysis to include an extended number
of gauging stations across the river network for devising lo-
calized disaster management strategies.

Proc. IAHS, 387, 3-8, 2024
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