Response to the comments of Reviewer 1

We are very much thankful to anonymous Reviewer 1 for his time to review the article and provide
valuable comments. These comments are useful to improve the overall quality of the article. We will
address these in the revised manuscript and accordingly our responses to each comment is given
below. We have separated some of the major comments from Reviewer 1 into two separate parts to
respond more clearly. We marked our replies in a blue font, while original reviewer comments are

presented in a black font.

Major:

RC1 (a): According to the Abstract the primary conclusion of this manuscript is “The study concludes
that the location and magnitude of extreme rainfall are key drivers controlling on the characteristics of
the Brahmaputra floods.” These sentences emphasis the location and magnitude of extreme rainfall are
critical findings (have to say that the selling point is plain). However, according to the Introduction part,
the major purpose of this manuscript is to find out the major hydrometeorological drivers behind the
flood in 2017. Hydrometeorological drivers includes much more information than the location and
magnitude of extreme rainfall only. Either specify introduction part about which drivers you are

particularly look at and why or rewrite the abstract in a more concise way.

Response:

AC1 (a): We agree that there are many hydrometeorological drivers that characterize a flooding event.
In the current study, we focus on the rainfall situations that trigger flooding as well as monthly rainfall
anomaly to find variation from the long-term average. We also analysed two important hydrological
elements- water level and discharge to study hydrological response. We will rewrite the abstract to be
clear in specifying which drivers are considering and why. We will also include soil moisture in this

current study.

RC1 (b): Clarifying the major purposes are also important for the manuscript structure. So far, the
structure of this manuscript is a bit loose, including too many figures and some abundant/not-well-
organized information. For example, the manuscript can majorly focus on three aspects: the flood event,
the flood-triggering rainfall, the rainfall-triggering synoptic systems, and arranged them in a way that

each finding is highly connected, it will be a good manuscript.

Response:

AC1 (b) We agree with the suggestion of the reviewer of making the structure of the manuscript more
effective for our purpose. Our main purpose is to study the important meteorological and hydrological
drivers which were primarily responsible for the severity of the 2017 monsoon flooding in the
Brahmaputra basin compared with previous years. This is why we have analysed in detail different
hydrometeorological aspects of the 2017 flood event and compared those with previous event as 1998.

We think that our manuscript needs to include also an analysis of the large scale drivers and sub-



seasonal conditions during the monsoon in addition to the main aspects mentioned by the reviewer
above (the flood event, the flood-triggering rainfall and the rainfall-triggering synoptic systems). We also
think that the structure of the analysis follows a logical path, as for example in Section 5.1, starting with
the more local meteorological characteristics (synoptic situation) and moving to larger-scale drivers at
the end (e.g. ENSO, BSISO/MJO indices). We studied the monthly rainfall characteristics and finally
the flood-generating rainfall events of 2017, before moving to the hydrological analysis of the 2017
floods. We believe that in order to diagnose fully the hydromet drivers we need to elucidate the evidence
and include all these aspects, and we would dispute that these are too many figures. However, we
merged Figure 1 and 2 together to lower the number of figures with respect to the original manuscript,
but we have not found any other superfluous figure. Moreover, we are revising the results section
(section 5) to summarize more the information considering the suggestion of the reviewer to focus on

some main aspects in the most concise way as possible.

RC2 (a): Abstract should include the very firm findings with solid information and statement mentioned
in the manuscript. For example, in the Abstract, “This heavy rainfall was associated with a northward
shift of the monsoon trough, creating active monsoon conditions in the Brahmaputra basin.” This
sentence is obscure. As mentioned in the manuscript, the monsoon trough has basically two positions
with active and break events positions according to the historical reanalysis data. However, the
‘northward shifting” is compared to active or break positions? It is a very critical information for the
mechanisms for the flood event in 2017. Otherwise, the climatology of the monsoon position can be
shown, and then you can say there is a northward movement of the monsoon position during the 2017
flood event.

Response:

AC2 (a): We agree that the sentence mentioned by the reviewer from our abstract was a bit confusing
(“This heavy rainfall was associated with a northward shift of the monsoon trough, creating active
monsoon conditions in the Brahmaputra basin”) and we are suggesting a clearer version of it. In fact,
in that sentence we were referring in particular to the consequences of this northward shift of the
monsoon trough in the Brahmaputra basin; so, by the wording “active monsoon conditions in the
Brahmaputra basin” we were actually referring to a break condition in general meteorological terms (i.e.
over the monsoon core zone, central India) bringing more rainfall to the Brahmaputra basin. However,
we did not notice that there was a possible misunderstanding, given that we were using the wording
“active monsoon condition” which can be misleading. So, we have rewritten the sentence as:

“These heavy rainfall events in the Brahmaputra basin were associated with a northward shift of the

monsoon trough.”

In the original manuscript (Section 5), we had provided the position of the monsoon trough based on
the climatology as well as for the 2017 floods. The climatology of the monsoon trough is shown in Figure

4e and 4f and Figure 5a and 5b represent trough position during the 2017 flood periods.



RC2 (b): Similar problem is also shown in 5.1.2 last paragraph. Meanwhile, since it is the major finding
of the manuscript and highlighted in Abstract, the related information in the major body cannot say in
this way: in 5.1.2 last paragraph “suggesting it may have played a role in the synoptic activity leading
to the 2017 Brahmaputra flooding”. It is a very weak statement, what kind of role and how it plays. Both

should be illustrated clearly. Otherwise, remove this major finding from the abstract.

AC2 (b): We understand the concern of the reviewer, and we have provided more elements now to
support that statement in Section 5.1.2 and illustrate the role of the Boreal Summer Intraseasonal
Oscillation (BSISO) more clearly. The northward propagation of the BSISO is linked with the short-term
variability of the monsoon in off-equatorial trough regions (further away from the equator). On the other
hand, the propagation of the Madden-Julian Oscillation (MJO) is eastward along the equator (Kikuchi
et al., 2012; Lee et al., 2013). The strength of MJO and BSISO is described by the first two principle
components of the PC analysis (see Figure S4, phase diagram of MJO and 6 (c) of the original
manuscript). We are adding a panel to previous Figure 6, as reported in the following Figure AC1
showing the strength of MJO and BSISO during the 2017 monsoon (where we have added a panel,
with the principal components of MJO). Therefore, the evolution of BSISO (northward propagation) in
2017 suggests that this has an influence on the northward propagation of the monsoon. As shown in
Figure AC1(b), there is a strong BSISO event from end of July to mid-August 2017 (see grey shaded
area, i.e. PC components over the threshold) which is likely to create favourable synoptic activity for
the Brahmaputra flooding of 2017, given the temporal correspondence of this event with the northward
propagation of the monsoon trough. So, we have modified the sentence mentioned by the reviewer

accordingly. The new sentence is reported below:

“The BSISO mode shows strong northward propagation between end of July and mid-August during
the 2017 monsoon (Figure 6c, grey area). This is likely to contribute to favourable synoptic activity for
the Brahmaputra flooding of 2017, given the temporal correspondence of this event with the northward
propagation of the monsoon trough.” However, the influence of the BSISO intraseasonal oscillation
mode on the monsoon rainfall and flooding in the Brahmaputra basin may need further investigation as

mentioned in our recommendation to understand more the quantitative links.
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Figure AC1: Principal components (a) MJO and (b) BISOS in 2017

RC3: Flood 1998 is used for some comparison with 2017 flood, some background should be included
in the Introduction/methodology part of this 1998 flood. Also, 1988 is mentioned several times, with

similar characters with 2017 and 19987 It will be good to include some details on this flood 1988 too.

Response:

AC3: We will make this flood history context clearer in the revised manuscript and provide further
explanation on the 1998 flood as the reviewer requests.

We compared the flood characteristics such as flooding duration, water level rise, peak water level and
discharge considering the 2017 floods and other major events within the previous 30 years. The flood
in 1998 was particularly important to mention as it was the longest duration flood with highest impact in
the monsoon flooding history of Bangladesh. The country remained flooded for two and half month and
68% of the country was affected by the floods (FFWC, 1998). The Brahmaputra experienced flooding
along with the other two river basins, Ganges and Meghna, and the flood peaks of the three rivers were
synchronised. The water levels in the Brahmaputra river at Bahadurabad gradually crossed the danger
level on 8 July in 1998 and continued to flow over this level for the next 66 days. Therefore, it is important
to focus on the 1998 flooding event and compare it with the recent flooding of 2017 to understand how
two different hydro-meteorological conditions may cause flooding in the Brahmaputra river basin in
Bangladesh. Not only the 1998 was a huge flood, it is also essential to understand the different natures
of the floods in the Brahmaputra basin in order to ensure effective preparedness based on hydromet

understanding. Otherwise, there is an assumption that future floods will be like 1998.

RC4. In the Introduction part, the research gap and the necessity of doing this research are not well-
illustrated. Since you are going to figure out at least three aspects of this flood event, the introduction
should not only introduce the research gap in “synoptic system”. And why the flood in 2017 is so
outstanding from the historical flood events, what we can learn from investigating this flood event?



Response:

AC4: We agree with the reviewer comment on the fact that “the introduction should not only introduce
the research gap in “synoptic system”. So, we will provide a clearer statement of our research niche in
the introduction, specifying our research questions, as for example: (i) Why the flood in 2017 is so
outstanding from the historical flood events? (ii) what we can learn from investigating this flood event?.
There are several case studies available on some past floods in Bangladesh such as 1988, 1998, 2004
and 2007. Most of the studies used monthly rainfall or seasonal rainfall to describe the flooding
characteristics of the particular year and focused less on the other meteorological aspects such as
synoptic situation or event-based rainfall that are linked with the flooding. There is a lack of studies on
the rainfall events that trigger flooding in the Brahmaputra basin in Bangladesh that we address in our
study.

Secondly, available literature focused only on a few characteristics of the floods, such as flood duration
and peak water level or river flow for a particular flooding year. No previous study has investigated the
river water level rise. Similarly, soil moisture was not considered in any study to better understand flood
drivers, and we have added some new elements to address this gap. We used wavelet analysis to study
hydrological time series for identification of short-term variation and annual cycle which has not been
applied before to study the flood behaviour of the Brahmaputra river. This helped to identify the variation

of the dominant component which influence on the floods compared to previous years floods.

RC5: Shorten the words related to climate change and future forecasting. This research investigates
the flood even in 2017 July and August in detail, with some analyses on the inter-annual variability. It is
hard to have strong implication for the long-term (at least 30 years) climate change. Meanwhile, it is
only a case study comparing with another historical flood case; it is hard to improve future forecasting
that mostly uses statistical or modelling methods based on clear mechanisms, fine spatial and temporal
resolution. Thus, all the implications for climate change and future forecast should be written carefully,
and should be based on solid and related findings, otherwise, just remove them to make the manuscript
short, concise and focused.

Response:

AC5: We agree with the reviewer that the implications for climate change and future forecasting should
be written carefully. So, we will shorten the words related to climate change and future forecasting as
asked by the reviewer. Also, we will reword the paragraph on these aspects to demonstrate more clearly
how the findings and evidence provided in our manuscript can still contribute to these aspects, in terms
of recommendations for further research.

Climate change projection shows that future potential changes in the monsoon precipitation pattern.
Some studies demonstrate the attribution of the impact of climate change on the flooding of the
Brahmaputra basin (Philip et al., 2019; Uhe et al., 2019). Flooding in the Brahmaputra basin is an annual
phenomenon. Therefore, it may be difficult to attribute the particular flooding event to the climate
change. Here, we have mentioned some implications of climate change from attribution perspective.

Climate change projection mostly consider long-term changes such as changes in mean seasonal



precipitation. According to our study, two different patterns of rainfall may cause flood severity in the
basin. Therefore, the sub-seasonal scale rainfall events which trigger the floods are essential to
consider in the climate change studies.

Finally, we would like to respond to the last major reviewer comment “it is only a case study comparing
with another historical flood case; it is hard to improve future forecasting that mostly uses statistical or
modelling methods based on clear mechanisms, fine spatial and temporal resolution.” In this regard we
argue that if we do not understand the base line drivers then we cannot assess their representativeness
in future modelling. This is also necessary to improve the understanding of the drivers that can guide
flood forecasters to better interpret the quantitative forecasts about an upcoming flood event and assess
the situation in real-time according to prevailing weather conditions. A modelling approach is also used
to forecast floods in Bangladesh, but given the well-known model and data uncertainties forecasters
use to complement model outputs with expert-based analysis of the hydro-meteorological situation.
Also, we would like to stress the importance of this complementary information in the case of
transboundary river basins, as the Brahmaputra, where limited hydro-meteorological data are available

due to institutional barriers.

Minor:

RC 1. “2. Characteristics of the Brahmaputra basin”

Keep the decimal places consistent in the latitude and longitude number.

AC1: we change into consistent in the latitude and longitude number. (83.00°E-96.50°E and 24.50°N-
30.25°N).

RC2. remove the full name of GEV in line 32 at page 6 because it has been mentioned in the

upper paragraph

AC2: We remove full name of GEV

RC3: Fig. 3b why choose the rain gauge at Syedpur as a representative rain gauge station
(there are around 9 stations within the basin according to Fig. 2)?

AC3: The rainfall distribution shows heavy rainfall occurred lower sub-basins near international border.
Syedpur is located towards the north of the country where heavy rainfall occurred during the 2017 flood
event. Therefore, it has been presented as a representative gauge to capture the rainfall event.

RC4. Fig. 4e, f, are they also come from the 1951-2007 years?
AC4: For the Fig. 4e, f same time span (1951-2007) has been used.

RC5. Figure 11a, the DL means danger level should be included in the caption.
AC5: Danger level is added in the caption

RC6: 3.2.2 The time period of used TRMM data should be included here; 3.2.3 The time and
spatial resolution of NCEP reanalysis data should be included here.

AC6: TRMM data from 1998 to 2017 has been included. Similarly, spatial resolution of NCEP reanalysis
has been included in the text- “The spatial resolution of NCEP reanalysis NCEP/NCAR Reanalysis 1 is
2.5 degree with the coverage 90N - 90S”.

RC7. Figure 4 included the purple line indicating the basin boundary of the Brahmaputra river;



The purple line should be shown in Figure 1 as well to highlight the river basin you are going
to look at. Figure 2 can be merged into Figure 1 as 1b with a box zooming in/out to show the
location relationships with Figure 1. Also, the foothills of the Himalaya and the Assam region

are mentioned many times in the manuscript and should be marked in these figures.

AC7: The Himalayan mountain system is classified into three sub-regions — (i) High altitude region of
western Himalaya (ii) Eastern Himalaya and (iii) Himalayan foothills (Tiwari and Joshi, 1997). According
to suggestions, we need to provide Himalayan foothills in the map. Therefore, we have revised Figure
1 accordingly. Now, we provide elevation based on the SRTM DEM to relate Himalayan foothills with
the Himalaya mountain system (Figure RC 2). Figure 1 and 2 of the original article have been combined

to make a single Figure as follows with the highlighting Himalayan foothills and Assam region.
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Figure AC2: (a) Monsoon onset normal dates towards the Ganges-Brahmaputra and Meghna basin.
The purple line indicates the basin boundary of the Brahmaputra river (b) Basin area in Bangladesh
with major river systems. The locations of the Bahadurabad stream gauge and other stream gauge and

rain gauge stations are also shown. The small arrows in the map show the direction of flow.



RC8. Figure 5a, b: the legend of wind vectors should be included.

ACS8: Legend of wind vectors are included.

FFWC: Annual Flood Report, Flood Forecasting and Warning Centre, Bangladesh,
1998.
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