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What it is all about?
Triangular irregular network is a simplified triangular mesh,
which is highly flexible, so allows capturing more details from
the terrain topography with less computational effort [1].

The hydropower production companies need highly efficient
and secure software to simulate inflows, which ultimately
leads to more reliable and competitive prices prediction.

How to proper simulate discharge in remote areas, where
gauges network is sparse and re-analysis data might be
unreliable?

Do hillslopes matter for operational hydrology?1 Terrain
topography controls insolation variations, as the local solar
angle is different. Snow on sunny slopes melts earlier
compared to shady ones. Is it important for hydropower
production?

1Fan, Y., Clark, M., Lawrence, D. M.,, . . . Yamazaki, D. (2019). Hillslope
hydrology in global change research and earth system modeling. Water
Resources Research, 55(2)
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We present:
Rasputin software https://github.com/expertanalytics/rasputin
converts raster digital elevation models (dems) into simplified
triangular meshes (TINs) with land cover representation
coming either from GlobCov 2009 or Corine (Europe)
datasets with resolutions 300m and 80m respectively. The
tool is freely available under GNU GPLv.3 lisence.

An enterprise framework Shyft
(https://gitlab.com/shyft-os/shyft) contains tools for
highly-efficient distributed hydrologic modeling. The current
version of the Shyft model is available from the project
website: https://gitlab.com/shyft-os/shyft under the GPLv.3
license [2].

Shyft + Rasputin is a toolchain which allows the researcher
to study areas with high terrain and land-use variability. With
an introduction of a new routine to account for insolation
variations [3] the toolchain becomes a unique software to
study impact of radiation on hydrologic processes. An
example of usage of our toolchain in subcatchments of
Central Nepal shows great potential of tins for operational
usage.Olga Silantyeva, John F. Burkhart, Bikas C. Bhattarai, Ola Skavhaug, Sigbjorn HelsetOperational hydrology in highly steep areas: 4 May 2020 2 / 12

https://github.com/expertanalytics/rasputin
https://gitlab.com/shyft-os/shyft
https://gitlab.com/shyft-os/shyft


The Question:

Does operational hydrology gain any profit by more
detailed terrain representation and accounting for
hillslopes?
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Study Area: Catchment in central Nepal

Figure: Narayani river catchment with subcatchments 3, 6, 7, 8, 9, 10, 11,
12, 13, 15

The study area is highly steep with stations located mainly in low-land
areas and the re-analysis data for the subcatchments is rather coarse
and prone to biases [4].
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Result: Insolation Variations, SWE

Figure: a) Insolation variation, cid-10: slope and aspect from TIN, b) SWE
variation, c) SWE avergaed over basin for old-grid (ptgsk-old-wfg) and 2
cases of tin-grids (ocs –low resolution, slr – high resolution)

With the new radiation routine we can see, that south-facing slopes
are actually getting higher shortwave-radiation. This leads to changes
in resultant SWE compared to previous grid-based solution with no
variations in radiation.
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Result: Discretization

(DEMs) into simplified triangulated surface meshes. Rasputin generated catchment TIN using the

provided DEM also calculates  physical  parameters  of  each TIN facet  such as  slope,  area,  and

aspect, from the TIN geometry. 

TINs with different resolutions (Median TIN area from 0.3 sq km to 4 sq. km) are generated and

tested before selecting a particular TIN  data file. Implementing the spatially distributed parameters

for the high and low resolution scales yielded similar simulation performance when compared to the

observations over the calibration period (2000–2004). Again, low bias and high correlation were

found for the high and low resolution TIN cells.  For the Marshyangdi_2 river,  correlation was

94.5% and 94.4% for the low and high resolutions, respectively, with biases of <2%. Due to the

lower computational power requirements and to make comparable with regular grid cell, TIN cells

with median area of four is selected for this study.

2.3.2 Regular space grid

To  delineate  the  studied  catchment,  an  automatic  catchment  delineation  methods  described  by

(Akram  et al., 2012) is used. Delineated catchment boundary is further used for the creation of

regular  vector  grid  cells.  Vector  creation  tools  under  Qgis  geoalgorithms  (QGIS  Development

Team, 2009) is used for creating the regular space grid cells. Equal grid spacing (X-spacing; 2000

meter and Y-spacing; 2000 meter) is used to define the size of the grid square. Unlike to TIN, each

grid cell is connected to either four or eight adjacent neighbors the single resolution inherent in

raster grids. Physical parameters (slope, aspect, elevation, latitude, and longitude) of each cells at

the centroid (center point) are calculated by using vector geometry tools under Qgis geoalgorithms

and further used for distributing the hydro-meteorological forcing. 

Figure  2  Catchment  discretization  by  (A)  hypsographic  (B)  Regular  space  grid,  and  (C)  TIN

methods.

2.3.3 Hypsography (Elevation zone)

In the study, Qgis  (QGIS Development Team, 2009) is used for zonal distribution of the studied

catchment. The catchment area is divided in to ten elevation zones with equal intervals of 1000

meter. Mean elevation, aspect, slope of each zone is calculated and further used for the distributing

the  hydro-meteorological  forcing.  Figures  representing  TIN,  regular  space  grid  and  zonal

distribution is shown in Figure 2.

2.3.4 Implementation of new radiation algorithm in shyft

Figure: Cid-8 A: hypsography (HYP), B: square grid (SqGrid), C:
Low-resolution TINs

We compare 3 types of terrain representation for discharge simulation
with PTGSK – no insolation variaiton method and RPTGSK – method
with variations in insolation (both HYP and SqGrid also get variation
for each cell (averaged))
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Result: TINs better
Figure 4 Glacier area distribution with respect to aspect 

3.2 Evaluation of catchment discritization and translated radiation on streamflow efficiency

Figure  5  shows the hydrographs of  the measured and simulated discharges  at  Marshyangdi_2

station in the both calibration and validation period from the different models. Different catchment

discritization  methods  results  in  different  model  efficiency.  Both  the  calibration  and  validation

results show a good agreement between observed and modeled daily discharge at Marshyangdi_2

station in terms of Nash-Suttcliffe efficiency (NSE> 0.75). 

Figure 5 observed and simulated discharge from different models during calibration (2000-2004),

and validation (2005- 2009) periods.

All model simulation illustrate that higher peaks of the modeled values are much lower than the

measured discharge. Low flow simulations are only well captured  by PTGSK-TIN, and RPTGSK-

TIN. Modeled discharge during pre-monson season from all models are higher than observation,

and  is  because  of  the  positive  biases  in  the  WFDEI  precipitation  during  pre-monsoon  season

(Bhattarai et al. 2019). It can be clearly seen that there is no significant difference between the

modeled discharges of the two radiation methods from all models (Figures 5 & 6). Both approaches

produce virtually identical results in daily discharge simulation.

To  further  evaluate  whether  the  translated  radiation  approaches  are  applicable  to  discharge

simulation, the model efficiency metrics, NSE and LnNSE were computed for each hydrologic year

constituting the validation period. As such,  each factor had 10 samples with a total size of 60

samples (two radiation algorithms and three discretization types). 

Figure  6.  Model  efficiency  during  the  high-flow  (a)  and  low-flow (b)  conditions  under  three

catchment discretization types, i.e. elevation bands (HYP), square grids (SqGrid) and triangulatedFigure: Left – Discharge simulation, Right – performance

We can clearly see that TINs outperform HYP and SqGrid both in high
and low flow simulations. In addition, we see that HYP might be also
a good option compared to SqGrid (less cells, but similar efficiency)
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Main Outcome

TINs are the first choice for operations
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How far should we go with TINs?

Figure: a), b), c): NSE, KGE and NSSQ for calibration period
2000-2005; d), e), f) NSE, KGE and NSSQ for simulation period
2005-2010
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Conclusion
Radiation variation routine together with TINs give us a
tool to study insolation impact on SWE and discharge in
highly steep areas.
We clearly see that TINs solution, even rather course,
outperforms regular grid discretization for discharge
simulation. So, we recommend it as a first choice for
operational use
The TIN mesh shouldn’t be very fine as current state of
Shyft is limited by the simplicity of many it’s routines.
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Thank you!
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