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precipitation products for flood runoff simulation
in @ dam watershed

1St NARBO Webinar
Challenges of “New Normal” river basin management:
The pandemic is not over yet, the flood control must go on

Younghyun Cho
K-water Research Institute, K-water (Korea Water Resources Corporation)
December 17, 2021 yhcho@kwater.or.kr

1/32


mailto:yhcho@kwater.or.kr

Introduction

Background

Since most of South Korea is consisted of mountainous areas (about
65%), the spatial distribution of precipitation during rainfall storm
event is highly variable.

Especially, in the dam watershed, which is a typical mountainous
terrain, the shape and pattern of rainfall and the resulting changes in
the outflow show complicated characteristics.

Therefore, it is often unlikely to use the areal rainfall, which is
estimated by averaged method (e.g. Thiessen polygon) with gauge
observations, for flood runoff analysis and the introduction of the
radar-based spatially distributed rainfall is required for hydrological
simulation.
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Introduction

Radar-AWS

Rainrate
2015.08.25.
10:20(KST)

Rain Rate
mmhr

RAR (Radar-AWS Rainrates)

* Quantitative precipitation
estimations (QPEs) using the real
time Z-R relationship based on radar
reflectivity (Z) and rain gauge
observations (R)

« KMA (Korea Meteorological TIRL: T, -
Administration) has continuously R "R Y f
improved the "Radar-AWS Rainrates ' '
(RAR)" data production technology
to provide more accurate radar- *Latest version: RAR ver. 2.0 (2015. 9)
based precipitation estimations,
showing considerable accuracy
compared to the ground
observations.
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GPM IMERG

IMERG (Integrated Multi-satellitE Retrievals for GPM)
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GPM IMERG

Data specifications
« Spatial resolution: 0.1° x 0.1° (roughly 10 x 10 km), from 60°N — 60°S

« Temporal resolution: half-hourly, daily, and monthly (final only),
value-added products at 3 hours, 1, 3, and 7 days are also available

« Map system: WGS84 (GCS, default)

MERG nputs  IMERG HDF5 MERG GIS Data Product
« Multiple runs accommodate e R
different user requirements 7"5 it
for latency and accuracy _)L S s
- "Early” — 4~5 hours (flash flooding) Production
- “Late” —14~15 hours (crop irrigation) " — | —>[F1 [ £t

- “Final” — 3 months (research data)
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GPM IMERG

GPM_3IMERGHH (V06)

File name: 3B-HHR.MS.MRC.3IMERG.SYYYYSMMSDD-SSHHSMMSNN-
ESHHSMMSNN.SMMMM.V06B.HDF5.nc4

Spatial resolution: 0.1° x 0.1° (roughly 10 x 10 km), from 90°N —-90°S
(60°N —60°S full)

Temporal resolution: half-hourly (final run, 3.5 months latency)
Version 6 of IMERG was released in April 2019; the first version to
cover the approximately 20-year period from June 2000 to the

present (TRMM and GPM era)

Data access: https://disc.gsfc.nasa.qgov/
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Study Area

Yongdam dam watershed

Terrain Gauged Locations

Water Level
(=) Precipitation/sM
.’ Evapotranspiration

[ High: 1603
-~

“Low: 204

7/32



Storm Events

Storm event selection

« 8storm events (hourly) from 2014 to 2018
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Storm Events

Independent single event (2014 to 2018, hourly)

Precipitation Total (mm)

Storm Events

v Gauged data Radar-based data Satellite-based data
(#: Period)
average average average
1:2014.08.17. 13:00~08.20. 12:00 97 114 128 100 121 100 101 7108.3 64.8 1469 88.7 96.5 1742 134.4
2:2014.08.24. 01:00~08.28. 24:00 90 71 64 106 57 87 101 82.2 37.4 100.1 589 809 113.2 99.5
3:2015.07.08. 13:00~07.11. 12:00 51 37 47 77 59 61 69 57.3 16.8 653 38.1 9.2 81.2 39.0
4:2016.07.01. 13:00~07.03. 12:.00 119 128 153 125 101 124 115 122.9 123 1835 96.9 116.7 152.3 138.9

5:2016.09.16. 13:00~09.19. 24:00 147 129 158 148 134 145 162 746.17 153 145.2 707.7 91.6 1213 102.0

6:2017.09.10. 01:00~09.12. 24:00 69 77 78 73 73 57 78 71.8 51 77.8 50.6 322 56.1 42.1
7:2018.08.25. 13:00~08.30. 12:00 245 286 331 316 288 269 285 286.3 22.7 305.9 198.6 128.4 218.9 189.4
8:2018.08.30. 13:00~09.02. 12:00 84 110 98 84 69 100 61 86.0 4.8 113.3 56.7 502 110.7 71.0

*SCS CN method does not account for infiltration recovery during intervals of no rain
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IMERG Data Processing

Procedure
<Data Processing> <Program>
Geo-referencing in ArcGIS in ArcGIS (ArcPy)
- netCDF4 to ASCII <developed>
*Projection: WGS84 to SHG gird (ITRF2000)
HEC-DSS file Generation HEC-GridUEil
<asc2dssGrid.exe>

- ASCII to DSS grid
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IMERG Data Processing

IMERG Conversion & Geo-referencing in ArcGIS

« |IMERG (netCDF4 file); need to convert to ASCII file for practical uses
*Projection: WGS84 to SHG (ITRF2000) grid

« Python script

- nc4toasc.py (ArcPy module for using multiple geoprocessing tools)

Make NetCDF Raster Layer
<IMERG grid>
|

Rename: 3B8-HHR.MS.MRG.3IMERG.SYYYYSMMSDD-SSHHSMMSNN-ESHHSMMSNN. SMMMM.\/06B.HDF5.nc4
- 3b-hhr.ms.mrqg.3imerq.SYYYYSMMSDD-sSHHSMMSNN.asc

matching true
. 1
Project Raster €«------ GCS (Ellipsoidal) -+
<ITRF2000> <GRS1980>
Raster to ASCII
<SHG grid>
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IMERG Data Processing

HEC-DSS File generation
« ASCIl to DSS grid

 HEC-GridUtil
- asc2dssCrid.exe (bridges the gap between raster GIS and grids in DSS)

*ASCII file (3b-hhr.ms.mrg.3imerg.SYYYYSMMSDD-sSHHSMMSNN.asc) — header info.

NCOLS Number of grid columns (integer)

| O P AOP s R £ B

Rename: 3b-hhr.ms.mrg.3imerg.SYYYYSMMSDD-sSHHSMMSNN.asc
2 IMERG_SYYYYSMMSDDSHHSMM.dss

YLLCORNER Lower-left Y coordinate (real)
CELLSIZE Cell size (real); width of a square cell

Value to indicate a null cell, where a value is either missing or has been
OB A2 removed (default: -9999)
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Hydrologic Modeling

HEC-HMS

Model Development

- HEC-GeoHMS (with Arc Hydro Tools)
*Basin Model, Grid Cell file generation

- HEC-HMS HEC-GridUEil
*Clark Unit Hydrograph Transform / ModClark Transform <-------- .dss grid file

!

- Performance test = Calibration/Validation

!

- Comparison with gauged and radar/satellite-based rainfall simulation results

Event Simulation

*Combining observed data

Results Evaluation
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Hydrologic Modeling

HEC-HMS

« Calculation methods

Hydrologic Calculation Methods
Element

Type Gauged data simulation | Radar/Satellite-based data simulation

Ruoff-volume SCS curve number (CN) Gridded SCS CN

Direct-runoff Modified Clark Method

Subbasin Trmekarm) Clark Unit Hydrograph (ModClark)
Baseflow Recession
Reach Routing Muskingum
e Qage Weights Gridded Precipitation
(Thiessen polygon) (RAR, IMERQ)
Discharge Time-series data Time-series data

*Simulation run: consists of basin model, meteorological model, and control specification
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Hydrologic Modeling

SCS Curve Number

Land use Hydrologic

Soil Groups

B Water 1 Group A

-Erba; [ Group B
I Fore:

[ Group C
[ Cropland I Group D

I High: 100

“Low: 30
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Hydrologic Modeling

ModClark
L e
[travel time] .y _L ‘_L
B [travel length] ., —L !‘
i maximum of the cell travel lengths
Supe *SCS velocity method vorr
= travel time of Sheet flow + Shallow concentrated
flow + Open channel flow
Q -

Cell Hydrographs (basin outlet)

Basin Direct Runoff Hydrograph
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IMERG QPES

Spatiotemporal representation (2014 to 2018, sub-hourly)
- - F ol

e

- i - - =)
#5:2016.09 #6:2017.09 #7:2018.08 #8:2018.08
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RAR QPEs

Spatiotemporal representation (2014 to 2018, hourly)
y | | | . I B |
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RAR QPEs

Spatiotemporal representation —storm event (#1)
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RAR QPEs

Spatial variability
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IMERG QPEs

Spatial variability

™ High: 113.23 "’ ™ High:81.13 '[', W7 7 High:152.33

Low : 30.83 Low:9.15 Low: 116.69

) 5 : A L o
™ High:121.3 R 7 High: 56.1 “ ./ ™ High:218.89 i/ 7 High: 11066
) i)

Low:91.6 Low:32.18 ) Low: 128.41 Low: 50.24
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IMERG QPES

Validation (scatter density plot)

IMERG satellite-based data (mm)

Correlation (R?)

- Areal average for satellite/radar-based and gauged data: 0.46/0.86
- Underestimated trends in larger values of IMERG/RAR QPEs
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Model Development

Basin m Od e l *Stream network definition: 3% threshold of watershed area

Curve Number

N

/

(

14 river reaches
15 junctions
(6 streamflow gauges)

I
v
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Model Calibration

Parameters

Hydrologic
Element

Subbasin

Reach

Initial values

Initial parameter values

Process
Gauged data simulation

SCSCN

- Curve Number: determined
- Initial abstraction (mm): 0
- Impervious(%): 0

Loss

Clark UH / ModClark
Transform -
- Storage coefficient (HR): 2.0

Recession

- Initial discharge (m3/s): observed
- Recession constant: 0.2

- Ratio to peak: 0.4

Baseflow

Muskingum

- Muskingum K (HR): 0.25
- Muskingum X: 0.25

- Number of subreaches: 1

Routing

Radar/Satellite-based data simulation

Gridded SCSCN

- Curve Number Grid: determined
- Ratio: 0.05

- Factor: 1.0

Time of concentration (HR): determined
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Model Calibration

Parameters

« Calibrated parameters

Gauged data simulation Radar-based data simulation Satellite-based data simulation

Storm

e kel e e Ll ] e k]
- v - - - - - v - v - - - v - v - -

2 N - 20 | P2 | |
3 - v B i - | .. - | - :
4 | v 0 I oA R
5 -t 1 1 1t !t t 1 1t 1 1| | :
6 | AR (| RV | [ ;
7 1t !t t-t-t t r 1 rr 11 { |
8 N - . /Y - B Y - e -

*No changes for CN & N. of subreaches, Baseflow parameter values are the same for both model simulations
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Model Performance

Comparison

« Graphical results

1500 1000 400 1000
1200 800 320 800
900 600 240 600
600 400 160 400
300 200 80 200
0 0 0 0
1 13 25 37 49 61 1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61 1 13 25 37

600 400 2750 1500
480 320 2200 1200
360 240 1650 900
240 160 1100 600
120 80 550 300
0 0 0 0

1 13 25 37 49 61 73 1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61

Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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Model Performance

Comparison

« Statistical results

Gauged data simulation Radar-based data simulation Satellite-based data simulation

1 0.914 0.937 16.97 0.914 0.914 4.01 0.878 0.878 -1.20
2 0.941 0.945 -5.61 0.919 0.925 9.54 0.842 0.843 -3.14
3 0.844 0.853 -9.05 0.716 0.752 -18.06 0.663 0.697 -13.90
4 0.920 0.928 -7.35 0.921 0.920 -2.57 0.906 0.905 -0.99
5 0.893 0.902 -6.69 0.912 0.921 -7.28 0.611 0.629 14.35
6 0.800 0.812 0.38 0.763 0.765 -0.63 0.773 0.790 9.05
7 0.930 0.948 11.87 0.895 0.896 -0.18 0.670 0.673 -7.34
8 0.921 0.925 1.43 0.865 0.891 -17.64 0.861 0.878 -7.19
Avg. 0.895 0.906 7.42 0.863 0.873 7.49 0.776 0.787 7.15

*E\s and R? arithmetic mean, PBIAS arithmetic mean of absolute value

27 /32



500

400

300

200

Model Performance

1500

Sub-basin comparison

300

« Graphical results —storm event (#1)

Total: 69.0 mm
(93.0%)

1 13 25 37 49 61
500 500
400 JC: 13.7 400 DH: 11.5
300 300
200 200
$1:12.3 100 A\ 100
0 0
1 13 253749 61 1 1325 37 49 61
500 500
400 DC: 9.4 400 CC:22.1
1 13 25 37 49 61 300 300
200 200
100 ‘A 100
0 . 0
1 1325 37 49 61 1 1325 37 49 61

Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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350

280

210

140

70

0

Model Performance

1000

Sub-basin comparison (96.2%

800 ,: Total: 65.0 mm

« Graphical results —storm event (#2)

1 13 25 37 49 61 73 85 97 109

350 350

280 JC:17.3 280 DH: 15.7
210 210
140 140
S):7.8 70 70
0 0

1 13 25 37 49—61t—73 85 97 109 1 13 25 37 49 61 73 85 97 109
350 350

ﬂ 280 DC: 7.4 280 CC: 16.8
1 13 25 37 49 61 73 85 97 109 210 210
140 140
70 70
0 0

1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61 73 85 97 109

Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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Model Performance

400

320 Total: 14.3 mm
Sub-basin comparison (65.9%)

« Graphical results —storm event (#3)

100 100
80 JC: 2.8 80 DH: 3.7
60 60
100 40 40
80 SJ: 1.9 20 20
60 ’ 1 13 25 37 49 61 ° 1 13 25 37 49 61
40 100 100
20 _N—Q_ 80 DC: 3.0 80 CC: 2.9
° 1 13 25 37 49 61 60 &0
40 40
20 20
0 0
1 13 25 37 49 61 1 13 25 37 49 61
Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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350

280

210

140

70

Model Performance

1000

800 Total: 25.4 mm
Sub-basin comparison (79.6%

« Graphical results —storm event (#4)

350 350
280 JC: 7.4 280 DH: 4.6
210 210
140 140
SJ: 1.9 70 70
° 1 13 25 37 ’ 1 13 25 37
350 350
280 DC: *1.5 280 CC: 10.0
__Jk
1 13 25 37 210 210
140 140
70 70
’ 1 13 25 37 ‘- ’ 1 13 25 37
Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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350

280

210

140

Model Performance

Sub-basin comparison

Graphical results — storm event (#5)

350
280 JC: 2.3
210

140

SJ:2.5 0

350

DC: *2.6
280 D *2.
210
140

70

Observed ——Gauged datasimulation ——Radar-based data simulation

600
480 Total: 24.0 mm
oo (62.7%)

350

280 DH: 6.3
210

140
" _M
0

350

280 CC: 10.3

210

140

70

—— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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Model Performance

400

320 Total: 27.1 mm

Sub-basin comparison (91.2%

« Graphical results — storm event (#6)

1 13 25 37 49 61 73 85 97 109

200 200
160 JC: 2.6 160 DH: 6.4
120 120
200 80 80
160 SJ: *¥3.2 40 40
120 0 . 0
1 13 25 37 49—6+—73 85 97 109 1 13 25 37 49 61 73 85 97 109
80 200 200
40 h 160 DC: 5.7 160 CC:9.2
0 120 120
1 13 25 37 49 61 73 85 97 109
80 S 80
0 0
1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61 73 85 97 109
Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)

28/32



Model Performance

2200 Total: 92.0 mm
Sub-basin comparison (54.6%

1100

550

« Graphical results — storm event (#7)

1 13 25 37 49 61 73 85 97 109

1000 1000
. .
oo JC: *11.3 750 DH:31.1
500 500
1000
S)5.8 250 250
750 ﬁh
0 0

1 13 25 37 49—6173 85 97 109 1 13 25 37 49 61 73 85 97 109

500
1000 1000
250
Kﬁ DC: 4.6 CC: 39.2
750 750
0
1 13 25 37 49 61 73 85 97 109
500 500
250 ? - 250
0 0
1 13 25 37 49 61 73 85 97 109 1 13 25 37 49 61 73 85 97 109
Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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500

400

300

200

100

Model Performance

Sub-basin comparison

Graphical results — storm event (#8)

n 400
0

500

1500

1200 Total: 46.9 mm
(68.9%)

900

500

400 JC: *9.7 400 DH: 10.9
300 300
200 200
SJ: 4.8 100 ¢E. 100 ‘OK
’ 13 25 37 49 61 ’ 1 13 25 37 49 61
500 500
DC: 1.3 400 CC: 20.2
37 49 61 300 300
200 200
100 100
0 A 0
13 25 37 49 61 1 13 25 37 49 61
Observed ——Gauged datasimulation ——Radar-based data simulation —— Satellite-based data simulation

*X-axis represents simulation time (hours) and Y-axis represents discharge (m3/sec)
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Model Performance

Sub-basin comparison

«  Statistical results (£,

Gauged data simulation Radar-based data simulation Satellite-based data simulation

e Ton L oc [ [oe [ee [ow L oc [ 5 [ e e [ow [ oc [ s o

1 081 055 061 088 068 093 090 060 08 035 088 08 073 069 027
2 092 092 071 088 038 093 092 066 048 040 071 070 0.65 089 044
3 066 093 051 092 085 093 073 015 080 074 089 075 -010 074 -0.14
4 074 081 * 086 060 081 085 * 076 031 083 08 * 077 0.79
5 095 095 * 008 *065 096 090 * 061 *042 091 085  * 028 *1.18
6 086 091 082 * 094 096 095 08  * 086 095 090 061 * 079
7 *-0.74 0.95 *-4.58 *-2.02 *- *-0.03 0.79 *-2.89 *-3.09 *- *0.64 0.49 *0.40 *0.57 *-
8 085 094 =119 097 * 094 083 *146 096 * 074 094 *060 086  *
Avg. 083 087 066 077 069 092 086 057 074 053 084 079 047 061 043

*Observation (streamflow) error
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Conclusions

Summary

A set of programs for IMERG data processing were developed to
conduct hydrologic simulation using HEC-HMS with 8 storm events.

« HEC-HMS basin models were developed with subbasins and grid cells.

« |IMERG data shows poor spatial variability and underestimated trends
in larger values for validation against gauged observations (r? 0.46).

- Need to extensive calibrations for loss & transform parameters in HEC-HMS

« |IMERG data is possibly used as a precipitation input for flood runoff
simulation in data-sparse regions due to the reasonable model
performance (£,.0.78, R20.78, and PBIAS7.2%) under extensive calibration

- Radar-based QPEs clearly captured the event (others completely missed it)
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Further Study
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ABSTRACT

A hybrid hydrologic model (lumped conceptus] and distributed festure model)
introduced 1o perform hydrologic smulations using spatially distributed NEXR
cipitation estimations {OFEs). In Distributed-Clark, spatially distributed exces 1
the Soil Conservation Service (SCS) curve number method and 3 GlS-bsed
hydrogeaphs are utilized 1o esleulate o direet munoff flow hydwgraph. This simp
madeling parameters reduces ealibration complexity relative 1o physically bas
madels by only focusing on integeated flow estimation st walershad outlets. Cas
quality of NEXRAD stage IV QPEs for hydokgic simulation compared 1o
NEXRAD data validation against min gauge observations and performance &
simulation resull comparisons for inputs of spatially distributed stage IV andspat
diata for four study watersheds were conducted. Resulis show significant diff erenc,
and gauged rinfall amounts, with NEXRAD data overestimated by 7.5% and 9.1
by 15.0% and 11.4% sccompanied by spatial variability. These differences affect
hydrologic applications. Rainfall-runolf flow simulstions using spatially distribute
QPEs demonsirate relutively good fit [direct runoff: Nash-Sutchffe efficiency Ey:
determination B = 089, and percent bis (PEIAS) = 3.92%; streamflow: Eyq =
PBIAS — 1.87%] against observed flow s well as better i {Exs of 3.7% and & oft
nunofl) than spatially averaged gauged raintall for the same model calibration
proved estimates of flow volumes and peak rales that can be Underestimated in hyct
spatially averaged rinfall

L. Introduction one of the radar produc

Precipitation is one of the primary fnputs for hydro- 10U digital precipitati

logical modeling and related fields of wark. As a grand &?;‘:{“&“&"““‘:‘Lf ::
effort to enhance precipitation estimation procedures, imited gauge data inc
the National Weather Serviee (NWS) deployed a na- - (0% BV 0
tionwide nebvork of Weather Surveillance Rader-1988 "V S0 FIE S0
Doppler (WSR-88D) radars (over 160) under the Next T STE0 ':_'WEE[ pa
Generation Weather Radar (NEXRAD) program du- 00 B0 000
ing the 19905 (Hudlow and Smith 198% Crum and [0 NES PR0E0R e
Alberty 1993 Fulton et al. 1998), Inthe data processing .1

SIS dditional gauge data (5
steps of Precipitation Processing System (PPS), which is et al. 1998). In late 2001
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Abstract
A continuous Soil Conservation Service (SCS] curve number (CN) method that considers
time-varied SCS CN values was developed based on the original 5C5 CN method with a revised
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1 | INTRODUCTION

unting approach to estimate run-off depth far
events. The method was applied to spatially distributed long+erm hydrologic smulation of
rainfall-run-off fiow with an underlying assumption for its spatial variability using a geographic
information systems-based spatialy disributed Clarks wnt hydrogragh method (Distabuted-

a. which & asimple few parameter input
of i ried run-off depth, i ti it tion for
different run-off precipitation depth-based direct run-off flow conwolution Case studies of
spatisly disributed long tem ftots o for four river

daily NEXRAD rimati of Nash-
Sutciiffe efficiency (Exs) 062, coeffident of detenminaion (%) 064, and percent biss 0.33% in

direct run-off and Eys 071, R 072, and s 115% in
comparsan against observed streamfiow: These resuts show better fit fmprovement in Exs of
420% andR* of 333% fortotal

for model resut

rinfall tion of logic for ional i ion in a continuous SCS CN method,
‘which @an initial run-off loss jious rainfall

bothEys: L 1.4% for inad
A continuous SCSCl 2 i i
study s, therefore, potentially significant to improved nuemem:um of longtem hyd'dng:
applications for spatially distributed rai i
hydrologic madelling appraach for the use of mare reliable gidded types of quanhiahve
precipitaion estimations.
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‘continuous SCS CN methad, GIS, hybrid hydrologic model, NEXRAD QPEs, spatially distributed
long-term rainfallrun-off flow estimation

land use/treatment, surface condition, antecedent condition, etr) are

‘The Soil Conservation Service (SCS) run-off curve number (CN) method
that was developed in the 19505 by the SCS fnow NRCS, Natural
Resources Conservation Service) (SCS, 1957, 1972 USDA NRCS,
2010)is a popular, ubiquitous, and enduring means of estimating storm
run-off from rinfil events (Hawkins, Ward, Woodward, & Van Mulem,
2005). This method of rinfall excess estimation from rainfall depth is
widely used in applied hydrology. Hisimfelt (1980) and Pance and
Hawkins (1996)indicate that its advantages of convenience, simplidity,

the grounds to maintain its popularity. Furthermore, geographic
information systems (GIS), introduced in the 1990s, dso enables this
method to be easily adopted in hydrologic madels, particulary for its
parametric data (soi, bind use, etc ) processing.

However, this method has 3 limitation when applied to long-tem
storm hydrologic application because it originated s an empirical
event-based procedure for fiood hydrology (Garen & Moore, 2005)
and does not cantain an expression for time (Woodward, Hawkins,

| Copyright © 2018 John Wikey & Sons Ltd

31/32



Thanks for listening!

32/32



