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DEVELOPMENT OF THE GIS MODEL FOR IDENTIFICATION OF MINIMUM
FLOW AT ANY CROSS-SECTION OF RIVER AND ITS APPLICATION ON
EXAMPLE OF ARPA RIVER BASIN
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The method for minimum flow identification at any cross-section of the river is presented in this paper.
A GIS model has been developed for this purpose using ArcGIS 10.2.1 Model Builder amd Spatial Analyst
extension toolbox. The input data for the model are the monthly minimum flow values of hydrological posts and
Digital Elevation Model (DEM) of the basin of interest. The model have been tested for Arpa River Basin.
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In the last two decades Geographical Information Systems (GIS) have been widely used for
addressing scientific and practical, as well as hydrological and water resources management issues.
GIS technologies are providing new analytical opportunities and increasing the results accuracy of
calculations and modelling, but only in the case if the right method is chosen and a precision,
particularity and actuality of input data comply with the requirements of the addressing problem.

Flow modelling of Armenian rivers is very complicated task taking into account mountainous
topography and inadequate hydro-meteorological data on river basins. It is necessary to have an
accurate data on all characteristics of river flow within the entire watershed of the river.

In this paper the procedure of model development for construction of the GIS raster layer of
minimum flow of the river basin is presented on example of Arpa River Basin. Constructed raster
layer allows to get the annual minimum flow value for any cross-section of the river.

The minimum flow model constructed by ArcGIS ModelBuilder using Hydrology and Map
Algebra toolsets of ArcGIS Spatial Analyst extension.

The monthly minimum natural flow values of operating and closed hydrological monitoring
posts of Arpa River Basin (fig. 1, table 1) and the Digital Elevation Model of Arpa River Basin have
been used as a model input data.

Developed model is applicable for all mountainous river basins. The raster layers of other flow
characteristics such as maximum or average flow can be developed by this model too.

Annual minimum flow module values have been calculated using the monthly minimum flow
values and watershed areas of hydrological monitoring posts. The results are presented in Table 1.

Main river basins of Armenia have been delineated using ArcHydro Tools [2] from ASTER
GDEM which has 30m resolution [4]. DEM of Arpa River Basin has been extracted from ASTER
GDEM using Extract by Mask tool of ArcGIS Spatial Analyst extension [3].
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Figure 1. Hydrological Monitoring Posts of Arpa River Basin

Table 1
Flow Characteristics of Operating and Closed Hydrological Monitoring Posts
of Arpa River Basin
Weighted mean | Annual A_\n_nual
Watershed elevation of minimu minimum
Ne River-Post Year H, m | areaofthe module of
, | watershed area | m flow,
post, km flow, I/s x
of the post, m md/s 5
km
1 | Arpa- Areni 1976 980.1 2040 2110.0 6.73 3.30
Arpa -
2 | Yeghegnadzor 1946 | 1075.4 1220 2140.0 3.56 2.92
3 | Arpa - Kechut 1949 | 19236 322 2750.0 2.36 7.33
4 | Arpa - Jermuk 1963 | 2033.7 190 2790.0 14 7.37
5 | Yeghegis - Shatin 2015 | 12143 458 2353.9 2.12 4.63
6 | Yeghegis - Hermone 1960 | 1675.4 205 2637.0 1.09 5.32
7 | Saliget - Shatin 2001 | 1242.7 144 2070 0.36 2.50
8 | Artabun - Artabuynk 2005 | 1406.1 45.6 2460 0.16 3.51
9 | Vayk - Zaritap 2009 | 1540.1 58 2280 0.11 1.90
10 | Grav - Agarakadzor 1981 | 1194.2 40.7 1862.9 0.04 0.98
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Weighted mean | Annual An_nual
Watershed elevation of minimu minimum
Ne River-Post Year H, m | areaofthe module of
, | watershed area | m flow,
post, km 3 flow, I/s x
of the post, m m°/s )
km
11 | Yelpin — Yelpin 1976 | 1545.0 315 21944 0.051 1.62
12 | Hors - Hors 1519.0 24 2024.5 0.054 2.25
Vardashat -
13 | Vardahovit 1984 | 20134 22 2570.9 0.09 4.09
14 | Gladzor - Vernashen 2001 | 1488.6 20.5 2270 0.014 0.68
15 | Darb — Chaykend 1962 | 1332.0 161.7 1338 0.027 0.17

For the construction of minimum flow raster based on DEM first of all it is necessary to
establish connection between elevation and flow. Below is presented the dependence of annual
minimum flow module from the weighted mean elevation of watershed of hydrological monitoring
post in Arpa River Basin (fig. 2).
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Figure 2. Relation between Annual Minimum Flow Module and the Weighted Mean Elevation of
Hydrological Monitoring Post Watershed in Arpa River Basin

Model for identification of minimum flow at any cross-section of the river has been developed
by ArcGIS ModelBuilder using Spatial Analyst extension toolboxes, using the basin DEM and
equation of correlation between weighted mean elevation and minimum flow of module (Fig. 3).

Figure 3. Scheme of the Model for Minimum Flow Raster Construction
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Below are presented description of the tools included in the model and their application.

Fill. DEMs often contain inaccuracies such as local sinks and peaks. Sinks (and peaks) are often
errors due to the resolution of the data or rounding of elevations to the nearest integer value. Sinks
should be filled to ensure proper delineation of basins and streams. If the sinks are not filled, a
derived drainage network may be discontinuous. Sinks and peaks for Arpa River Basin have been
corrected by Fill tool of Spatial Analyst Hydrology toolset [2, 3].

Flow Direction. raster of flow direction from each cell to its steepest downslope neighbor have
been created using Flow Direction tool. The input surface raster is the filled DEM created in
previous step.

Flow Accumulation. Using flow direction raster as an input, a raster of accumulated flow into
each cell have been created by Flow Accumulation tool.

Flow Accumulation with Weight Raster. The flow accumulation area for each cell of of Arpa
River Basin raster have been calculated. The calculation has been done using Flow Accumulation
Tool and Flow Direction raster also, but here the filled DEM of the basin has been used as an
input weight raster.

Raster Calculator. Using the resulting rasters of previous two steps, the watershed weighted
mean elevation for each cell of basin's raster has been calculated by Raster Calculator tool (Fig.
4)).
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Figure 4. Calculation of Watershed Weighted Mean Elevation for each Cell of the Basin

Raster Calculator (2). Annual minimum module of flow raster have been constructed using
Raster Calculator. The input data for calculation is the weighted mean elevation raster developed
in previous step and the equation of relationship between mean elevation and minimum flow
module in Arpa River Basin: M=0,0062H-10,688, where M is minimum flow module, H is
weighted mean elevation (Fig. 5).
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Figure 5. Construction of Annual Minimum Flow Raster for Arpa River Basin
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7. Raster Calculator (3). Watershed

area for each cell of Arpa River Basin raster have been
calculated (fig. 6).
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Map Algebra expression

Layers and variables i~
&% FlowDir_Arpa
% droprarpa
&% FlowAcc_Arpa
&5 FlowAcc_dem

Conditional

1|

Con
Pick
SetNull

Math

&% MeanElev_Arpa Abs

&% MinModRaster B

s filldemArpa Ep10 o
"YeFlowAcc_Arpa%"+24.13363533%24.13363533/1000000
Output raster

E:\Arpa_hydrodem\model.gdb\watershedarea_

[ ok |[ caneel |[  apply | [ showmelp>> |

Figure 6. Construction of Watershed Area Raster for Arpa River Basin

8. Raster Calculator (4). The annual minimum flow raster for Arpa River Basin have been
calculated by following formula:

(Watershed Weighted Mean Elevation x Watershed Area) / 1000 (Fig. 7).
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Figure 7. Calculation of Annual Minimum Flow Raster for Arpa River Basin

Each cell of the river network raster contains one annual minimum flow value. In GIS
software, such as ESRI ArcMap or QGIS, it is possible to get the annual minimum flow value for each
cross-section of the river by clicking on the point of interest by Identify tool. Below are presented
several examples of the annual minimum flow value extraction from the developed raster layer.
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Figure 8. Identification of Annual Minimum Flow from Raster Layer for Hydrological Posts a) Arpa-
Jermuk, b) Arpa-Yeghegnadzor, ¢)Yeghegis-Hermone, d) Grav-Agarakadzor

The values extracted from raster layer have been compared with the observed annual
minimum flow values, and the relative error of the model have been identified (table 2).

Table 2

Comparison of Annual Minimum Flow Values Observed in Hydrological Monitoring Posts and Identified
from Developed Raster Layer

. Annual Minimum Flow, m3/s

Hydrological Identified f Relative Error, %

Monitoring Posts Observed entified from '
Raster Layer

Arpa-Jermuk 1,40 1,20 -14
Arpa-Yeghegnadzor 3,56 3,06 -14
Yeghegis-Hermone 1,09 1,16 6
Grav-Agarakadzor 0,04 0,04 0

The relative error of the model in tested points is in the range of 0 to 14%, which is acceptable
for hydrological calculations.

The methodology presented in this article can be used for development of similar raster layers
of monthly minimum flows or other characteristics.
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PA3PABOTKA I'lC MOJAEJIN OITPEJEJEHUA MUHUMAJIBHOI'O CTOKA B
ITPOU3BOJBHOM CTBOPE PEKM U EE IPUMEHEHUE
HA IIPUMEPE BACCEMHA P. APTIA

A.A. Apakeasn!, B.O. Capkucsn?

Ynemumym eeonoeuveckux nayx HAH PA
?Hayuonansuwiil yHUBEpCUMem apxumexmypbl u cmpoumenscmea Apmenuu

B cratee mpencraBmeH wmeton moctpoenuss pactpoBoro ['MC cmos st ompeneneHus
MHUHHUMAJIBHOT'O CTOKAa B ITPOU3BOJIBHOM CTBOPE PEKU U PE3YJIbTAThl IPUMCHCHHA METOJa Ha IIPUMEPEC
Oaccelina pexu Apna. /s moyrydeHus ciios mocpeacTBoM mporpammuoro nakera ArcGIS 10.2.1 Osbuia
MOCTPOEHA pacyueTHasi MOJIE/b, UCIIOJBb3Ysl HHCTPYMEHTHI IporpaMMHoro moxyis Spatial Analyst. B
Ka4yeCTBE€ BXOAHBIX HaHHBIX HCIIOJBb30BAHbBI MHOI'OJICTHUE 3HAYCHHA MHHHMAJIBHOI'O CTOKa
JIEUCTBYIONUX ¥ 3aKPBITBIX ITYHKTOB THJIPOJOTHMYECKUX HAONMIOJACHHWNA M IUQPPOBas MOJAEIh BBICOT
peuHoro Oaccelina Apma.

Karouesbie cioBa: [YIC, ArcGIS, Boanble pecypcbl, THAPOIOTHs, BOJOCOOPHBINH OacceliH,
IIMB, MUHUMAabHBIN CTOK.



