Hydrol. Earth Syst. Sci. Discuss.,
doi:10.5194/hess-2016-388-AC1, 2016
© Author(s) 2016. CC-BY 3.0 License.

Interactive comment on “Hydrology of inland
tropical lowlands: the Kapuas and Mahakam
wetlands” by H. Hidayat et al.
H. Hidayat et al.
hidayat.hidayat@wur.nl
Received and published: 25 November 2016

The Authors highly appreciate suggestions and constructive criticisms posed by the
Reviewers. We also would like to thank Prof. Stefan Uhlenbrook for handling the
review process of the manuscript. Here we present our response to the discussion
issues that have arisen during the review process.
1. Reviewer #1
We thank Khalid Hassaballah for his constructive comments and suggestions. We are
pleased to see that most remarks concern the way we have written the Introduction,
and few remarks concern the methodology and/or the robustness of the results. Below
we include point-by-point replies to the reviewer’s comments.
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General comments:
Comment: Although the topic is interesting and relevant for this journal, the knowledge
gap that the manuscript aims to bridge is not clear. The authors gave only general
description of the study area without paying attention to show the value of the two
wetlands for local communities as well as for the country, which is very important for
the significance of the study. Also maybe authors could describe the problem a little bit
more, so that the readers can easily understand the gravity of the situation.
Reply: In retrospect, the Introduction of our Discussion paper indeed lacks the main
motivation for our work, and can be revised to become more explicit in identifying the
relevant knowledge gaps. The motivation or relevance itself was not questioned. In a
revised version, we will add more text explaining the importance of the two wetlands
in the Introduction. Lake Sentarum National Park in the upper Kapuas River is an important Ramsar site, which represents one of old tropical peat formations in Late Pleistocene (Anshari et al 2001, 2004). The Mahakam River is home to endemic species
including the Irrawady dolphin (Orcaella brevirostris), which is listed as ’Vulnerable’
on the International Union for Conservation of Nature (IUCN) Red List of Threatened
Species due to, among others, entanglement in gillnets, vessel traffic, sedimentation,
habitat loss and degradation from habitat change (IUCN, 2016). The Kapuas and the
Mahakam wetlands are important for their respective local communities not only as a
source of water for domestic purposes, but also to sustain the livelihood of the people
especially in the open water fishery sub-sector. The Kapuas wetland with its seasonally
inundated lakes produces about 18,000 tons of freshwater fish annually (BPS-Kalbar,
2015). The Middle Mahakam wetland is the core of inland fisheries in East Kalimantan and is considered as one of the most productive freshwater fisheries in Southeast
Asia (Mackinnon, 1996) with a current estimated annual fish production of 33,000 tons
(BPS-Kaltim, 2015). These fishing industry figures express the high economic value
of the wetland areas we study. The unique tropical wetland ecosystems are rich in
biodiversity of typical aquatic as well as terrestrial flora and fauna, which is why they
C2

are listed as a Ramsar site, urging conservation. The wetlands act as hydrological
buffers and hence contribute to natural flow regulation, which has rarely been quantified. There is a lack of knowledge on processes involved in seasonal flooding in tropical
lowland areas, including backwater effects. Notwithstanding their ecological, hydrological and economical importance, the Kapuas and Mahakam wetlands in particular and
the two river basins in general have been increasingly threatened by a variety of factors
including pollution, forest fires, deforestation, and mono cultures (Rautner et al., 2005;
Chokkalingam, 2005).
Comment: The methodology has described the collected data, but does not clearly
describe the purpose for which the collected hydroclimatological field data were used.
Another issue is that, calibration and validation are essential for hydrological modelling
before simulating any hydrological processes. Please add a section describing how do
you calibrate and validate your HEC-RAS model.
Reply: The first part of the comment is similar to the observation of Reviewer #2, who
argues that the knowledge gaps and purpose of the campaign was not yet sufficiently
motivated. The Kapuas is the largest river in Indonesia, which has remained poorly
studied to date. The catchment can be considered relatively pristine, offering a view on
a natural hydrological regime which serves both scientific and engineering purposes.
This paper can be seen as an introduction paper of a large number of studies that will
follow, conducted by two PhD candidates and two Postdocs . We find it inappropriate
to include a long list of objectives set in the overarching project, but we will add more
context and better describe the purpose of the collected data in the revised manuscript.
The HEC-RAS model is directly used to quantify the effects of inland lakes on river discharge dynamics. We will add more explanations about the calibration and validation
of our HEC-RAS model in the revised manuscript.
Specific comments: (P=Page, L=Line)
1. P1, L6-7 and P6, L2: The authors have mentioned that the hydro-climatological data
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were obtained during fieldwork campaigns carried out in the Mahakam over the period
2008-2010, while table1 shows that all data in this catchment was collected between
Feb2008-Aug2009.
Reply: The Mahakam fieldwork campaign indeed took place over the period 20082009. We have corrected this on the text.
2. Is this short period of measurements (2008-2009 in Mahakam and 2013-2015 in
Kapuas) sufficient enough to capture the hydrological variability in the study area?
Reply: The data series is relatively short, but we would like to point to the fact that regarding discharge data, long data series available elsewhere are always based on rating curve information, whereas our observations are made independent for discharge
(using an H-ADCP) and water level. The rainfall data period is extended by the availability of TRMM products and potential evapotranspiration from the Climate Research
Unit (CRU), here we use data from 1998 through 2015. We agree the analysis we
present can be improved in the future, when longer data series are available, but the
present data series are long enough to support the conclusions drawn.
3. The hydro-climatological data were carried out separately in the two catchments (in
different hydrological years), during 2013-2015 in the Kapuas basin, while in the Mahakam the data were collected during 2008-2009. Is this has any effect on the overall
results when comparing results from the two catchments (i.e. comparing vulnerability
to hydrological drought)?
Reply: For a drought study in the two basins, we simulated the transient water balance using rainfall estimates from TRMM and CRU’ potential evapotranspiration for the
period from 1998 through 2014 as input data, to derive groundwater recharge. Our
measured data were used to validate the TRMM product. Therefore, the difference in
the period of field campaigns in the Kapuas and Mahakam basins has little effect on
the overall results.
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4. P1, L8-12: In this paragraph, it is clearly that rainfall estimates from the Tropical
Rainfall Measuring Mission (TRMM) was used for analysing the distribution of rainfall
and the influence of El-Niño–Southern Oscillation. Flood occurrence maps were derived from the PALSAR images. But it is not clear for which purpose the collected
hydro-climatological field data (e.g. rainfall, air temperature, relative humidity, solar radiation, wind speed and direction) was used. Is it for model calibration and validation?
Reply: We have mentioned all collected data from our Automatic Weather Station in
Table 1, while actually not all are actually used in the analysis. We will remove unnecessary information such as solar radiation, wind speed and direction from the text.
5. P5, L7-9: The Authors reported that due to the global circulation and the regional
climate the central and northern parts of Kalimantan have bimodal rainfall patterns with
two peaks of rainfall. Those peaks generally occur in October through November and
March through April. Is this consistent with the results of the HEC-RAS model shown
in Figure 8 which presented the timing of rising and falling limbs?
Reply: Yes, our HEC-RAS simulation reflects this bimodality of the rainfall pattern in
the study area, as shown in the simulated discharge (Fig. 1).
6. P6, L6-7: Why both daily 3B42 and monthly 3B43 TRMM rainfall products were
used?
Reply: The daily TRMM rainfall rate was used to show the spatial rainfall variability in
the study area and to be compared with previous studies cited in the manuscript (Wuis,
2014; Tekelenburg, 2014) with short period of observation (about two months). The
monthly TRMM rainfall rate was used to be presented along with the publicly available
SOI index, which has monthly values.
7. P7, L8: Do the Authors have any explanation for why a spatial discretization of 3 km
and a time step of 20 minutes were chosen to run the HEC-RAS model?
Reply: Spatial resolution of 3 km is considered sufficient for the modelled river secC5

tion of 553 km from Putussibau to Sanggau. Regarding time resolution, flow velocity
and cross-sectional distance show that the resolution in time cannot exceed 25 minutes. Models runs showed that the model is stable for δt<20 min. For δt equal to 30
minutes, the model was conditionally stable, and it is unstable for δt>1 hr. The difference between model outcomes on a 20 minute resolution vs a 1 minute resolution was
negligible.
8. P7, L10: What is the accuracy of PALSAR images for estimating the inundated
area?
Reply: The procedure for validation of open water inundation area and inundation under vegetation maps from PALSAR images was reported in Hidayat (2012). Open water
inundation occurrence was validated using bathymetry data resulting in an accuracy of
about 85%. The inundation occurrence under vegetation estimates was validated using
water level measurement; the reported accuracy is 78%.
9. P7, L26-27: What is the resolution of the potential evapotranspiration?
Reply: The spatial resolution of the gridded potential evapotranspiration obtained from
the Climate Research Unit is 0.5 degree.
10. P8, L 15-16: “Figure 5 shows the relationship between SOI and monthly rainfall
depth in the Kapuas and Mahakam wetland regions with correlation coefficients (r) of
0.212 and 0.358, respectively”. Please discuss the physical meaning of such correlations?
Reply: These r coefficient values show that the Mahakam wetland is more affected by
the El-Ninõ and Southern Oscillation (ENSO), which is also confirmed by its rainfall
rate and drought duration. We also mentioned in the text that the influence of ENSO
is not uniform throughout the seasons, and that the strongest influence occurs during
the driest period. We will elaborate more on these correlation values in the revised
manuscript.
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11. P17, L11-12: The authors state in their conclusion that this study highlights the
merits of H-ADCP continuous flow measurements to obtain accurate discharge estimates when rating curves fail. Using ADCP for flow measurement is not new, but
costly and time consuming.
Reply: The accurate, continuous discharge estimates from the H-ADCP allow for a
discussion on the difference between runoff and discharge in the backwater affected
region, in our case upstream of the wetland/lakes region. ADCP flow measurement
is indeed costly and time consuming. Nevertheless, there are no simple solutions to
monitoring discharge dynamics in rivers with backwater. Too often, water agencies rely
on rating curves that fail to capture the hysteresis effects. Hydrologists may not always
be sufficiently critical about the accuracy of discharge estimates from rating curves,
which motivates our statement.
12. How frequent are the discharge measurements using the HADCP, and why?
Reply: The discharge data from HADCP measurements presented in the manuscript
are in half-hourly time step. This was done to enable us to see the hysteretic behaviour
of discharge as a result of backwater effects, which will be clarified in a revised version.
Technical corrections: We corrected the text in the revised manuscript as suggested.
The corrections have helped improving the consistency and readability of the ms.
2. Reviewer #2
We thank Dr. M.C. Westhoff for his review comments. To summarize, his two main
objections about the manuscript are vis-à-vis no clear objective presented in the Introduction and a lack of novel aspects, which we either disagree with or are able to
accommodate by textual changes. To the Reviewer, this manuscript reads like a synthesis of previous findings with just some additional measurements.
Regarding his first objection, we guess that the lack of a clear objective in the Introduction might have influenced his further assessment of the work. Most comments deal
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with the introduction being inadequate, but to the editor we like to stress that this in
itself does not influence the relevance or soundness of the work. We argue that the
rest of the comments should be seen in the light of a poor introduction and we state
hereby that we are willing to rework most of this section, also since the comments of
reviewer #1 agree on this. This paper is a joint effort serving as an introduction for two
PhD projects and two Postdoc projects focussed on the Kapuas river system. We are
sure that reshaping the manuscript, including the main objective to reveal land surface
hydrological processes that are known to be uncertain in tropical regions due to the
lack of historical observations, will do justice to the novelty of the results. Establishing
hydrological processes is essential to understand the impact of changes in terrestrial
hydrological and biogeochemical cycles including land degradation on water level dynamics, water quality, and ecology of these important yet vulnerable wetland regions.
The interactions between wetlands and the river have implications for geomorphology,
governing sediment retention and modulating peak discharges, and for estuarine processes, controlling salinity intrusion during low flow.
Regarding the Reviewer’s second objection on “lack of novelty" we guess that this results from the fact we have been insufficiently explicit about the knowledge gap we
address, i.e. the hydrology of inland tropical lowlands. In the revised manuscript, we
will make more systematic inventory of the existing studies of inland tropical lowlands,
which have received relatively little attention. The referee seems not to be aware of the
many complexities involved in performing measurements of key hydrological variables
over large tropical catchments with little infrastructure present. We quantify flooding
both in terms of water level and volume, and we reveal the impacts of backwater effects, which proves the kinematic wave approach adopted in many hydrological studies
wrong. We will be more explicit about this in the revised manuscript. For instance, we
are the first to record water discharge on the Kapuas River based on ADCP flow monitoring. Further, the influence of ENSO on the Kapuas and Mahakam is not equally
significant. This knowledge would drive to develop different consequences and policies.
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As a final remark, the Reviewer’s phrasing "some additional measurements" does not
do justice to efforts of making observations in a poorly accessible region surrounding
the largest river of Indonesia. The dataset will offer a solid database which will find
its use in future research and engineering. Finally, the Reviewer is incorrect in his
reference to the first Author’s previous work, since the publications mentioned focussed
only on the Mahakam river system, and not the Kapuas.
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Fig. 1. Fig. 1. HEC-RAS simulated discharges for different cross sections in the downstream
Kapuas River (left) and the upstream Kapuas River (right) of the modelled river section.
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