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Study Site:  
Solar Power Energy Plant, Mexico 

• About US $13 million Private Investment 

– Revenue per day about US $100,000-115,000 

– Operational Expense per day about US $ 
10,000-15,000 

 

• Due to Flood event (60 Years of Return Period 
event) in 2017, about 96 hours (about 4 Days) 
of flood inundation observed at site 

– 15 days operational cycle hampered 

– Revenue loss + Operational expense  

 

• In 2020, 47 years of return period event 
occurred, about 70 hours (about 3 days) of 
flood inundation observed at site 

– 15 days operational cycle hampered 

– Revenue loss + Operational expense 

Client: Insurance Company, Spain 
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Objectives of Case Study 

1) Collection of territorial data; digital elevation model, detailed maps, etc. 

2) Compilation of hydrological data and climatic phenomena to be analyzed in the flood study 

3) Generation of the hydrological model and hydraulic model using two-dimensional hydraulic 
modeling programs, 

4) Treatment of simulation results in order to obtain: 

• Surfaces or extent of flooding 

• Classification / discretization by ranges of the most important hydraulic variables 

• Classification of the levels of danger of the resulting flood phenomenon 

• Establishment of risk classification and assessment criteria 

• Crossing of the coverage of results with the coverage of territorial information to 
define a distribution of risks and to be able to proceed with their valuation 

5) Generation final of graphic documentation and conclusions 

6) Analysis of trends, anomalies, Precipitation Max., Probable (PMP), in terms of intensity, 
magnitude and return periods, in graphic, numerical, parametric and statistical format that 
helps to economically quantify industrial losses, business interruption, etc. 
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Sr. No. Deliverables Outcomes Data Requirement 
1 Spatio-temporal analysis of rainfall data 

 Rainfall parameter analysis 
 Discharge parameter analysis 

 Rainfall Frequency 
 Flood Frequency 

 
2, 5, 10, 25, 50, 100, 200 and 500 
years of return period 

• Rainfall data of raingauge stations 
for a period of 20-30 years or 
whatever available 

• Weather data of weather stations 
for a period of 20-30 years or 
whatever available 

• Discharge data of gauge discharge 
stations for a period of 20-30 
years or whatever available 

2 Rainfall Runoff modelling (HEC-HMS) for 
computation basin lag, time of concentration, travel 
time at sub-basin scale 
 Rainfall-Runoff (Hydrological) modelling and 

simulation 
 Calibration of model using historical data 
 Validation of model using historical data 
 Predictions of Calibrated model using Future RCP 

4.5 and 8.5 Scenarios 

 Basin Lag 
 Time of concentration 
 Travel time 
 Flow hydrograph 
 Free catchment rainfall- 

runoff analysis 

• All data mentioned in Item No. 1 
• River channel & its major tributary 

shape file or CAD file 
• Upstream Dams releases for 

a period of 20 years if available 

3 Hydrodynamic modelling (HEC-RAS) for river 
reaches for computation of flood levels at Site 
 Hydrodynamic modelling and simulation 
 Calibration of model using historical flood 

events 
 Validation of model using historical flood events 
 Predictions of Calibrated model using Future RCP 

4.5 and 8.5 Scenarios 
 

At Site Location 
 Discharge hydrograph 
 Stage (Water Level) 

hydrograph 
 Comparison with observed 

data at gauge- discharge sites 
 Rating curve 

• All data mentioned in Item No. 1 
• River Geometry Data (cross- 

sections, Hydraulic Structures, 
Bridges, etc.) for River and 
its tributaries whatever available 

• Water Level data of gauge discharge 
stations for a period of 20-30 
years or whatever available 
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Data Collection from various 
Sources 

Trend Anomalies of Rainfall for 
Historical and Future RCP 4.5 & 8.5 

Frequency Analysis for Estimation of 
Intensity-Duration-Frequency Curve 
for various Return Period 

Running the Hydrological model HEC-
HMS for getting inflow, lag time, 
travel time at the site 

Running HEC-RAS 2D model for 
getting Flood Inundation Depth, 
Flood Arrival time, Flood Depth at 
location for various return periods 
(Historical and Future) 

Adopted Methodology TOOLS: 

• Rainfall Variability Analysis of 

Historical and Future RCP 4.5 and 6.0 

Scenarios using Programming Scripts 

• Two-dimensional hydraulic modeling 

programs, HEC-RAS (2D) and 

hydrological modeling, HEC-HMS, 

models 

• GIS for the treatment of data in QGIS, 

results and generation of graphic 

documentation of the analysis 
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IDF Curves 

Daily maximum rainfall  

Duration 
(hr) 

Rainfall Intensity (mm/hr) for Return Period T 

Duration 
(hr) 

Rainfall Intensity (mm/hr) for Return Period T 

2 5 10 25 50 100 200 500 

1 8.33 11.73 13.98 16.83 18.94 21.04 23.13 25.88 

2 5.25 7.39 8.81 10.60 11.93 13.25 14.57 16.31 

3 4.00 5.64 6.72 8.09 9.11 10.11 11.12 12.44 

6 2.52 3.55 4.24 5.10 5.74 6.37 7.00 7.84 

12 1.59 2.24 2.67 3.21 3.61 4.01 4.41 4.94 
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Future Trend Anomalies of Rainfall Historical Trend Anomalies of Rainfall 

Month Mean Min Max Trend 

1 25.99 1.04 86.28 0.98 

2 33.53 0.43 90.57 -1.22 

3 19.22 1.19 51.72 0.38 

4 10.49 0.47 30.81 0.06 

5 3.53 0.32 9.60 0.13 

6 0.98 0.19 2.75 0.05 

7 6.45 0.99 17.29 0.08 

8 6.38 1.39 18.25 0.04 

9 8.01 0.86 22.69 -0.004 

10 9.54 0.98 61.30 0.18 

11 14.10 5.66 32.13 -0.01 

12 26.44 3.06 52.91 0.15 

Month Mean Min Max Trend 

1 32.23 0 97.20 -0.010 

2 47.02 0 151.10 1.07 

3 25.69 0 75.30 0.53 

4 19.27 0 71.51 -0.23 

5 1.63 0 14.85 -0.0002 

6 0.95 0 10.78 0 

7 9.26 0 83.54 0 

8 29.44 0 122.79 0.003 

9 29.57 0 128.01 -0.82 

10 9.84 0 107.80 0.002 

11 12.87 0 71.05 -0.18 

12 15.52 0.036 56.68 0.49 
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Basin Delineation 

Basin Delineation Parameters 

Hydrological Modelling (HEC-
HMS) 

Subbasin 
Area 

(sq km) 

Longest 
Flow Path 

(Km) 

Longest  
Flow 

Path Slope 

Basin  
Slope 

 
Reach 

Length  
(km) 

Slope 

Subbasin-1 1633.80 25.645 0.035 0.359  Reach-3 37.613 0.005 

Subbasin-2 513.390 17.903 0.025 0.110  Reach-2 13.949 0.003 

Subbasin-3 656.820 25.201 0.018 0.186  Reach-4 17.774 0.006 

Subbasin-4 807.500 0.183 0.033 0.126  Reach-5 9.490 0.004 

Subbasin-5 433.640 52.930 0.017 0.252  Reach-1 0.139 0.007 

Subbasin-6 105.450 71.051 0.017 0.187     

Subbasin-7 91.338 68.979 0.014 0.148     

Subbasin-8 42.385 123.343 0.012 0.188     

Subbasin-9 0.010 80.298 0.022 0.270     
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Subbasin Lfp (Km) Lfp (m) Lfslope 
Time 

of concentration  
(Tc) (min) 

Time of  
concentration  

(Tc) (hr) 

Lag Time 
(TL) (min) 

Lag 
Time (TL) 

(hr) 

Subbasin-1 25.645 25645.45 0.03465 176.41 2.94 105.845 1.76 

Subbasin-2 17.903 17903.37 0.02536 150.84 2.51 90.506 1.51 

Subbasin-3 25.201 25200.76 0.01798 224.06 3.73 134.435 2.24 

Subbasin-4 0.183 182.89 0.03281 4.00 0.07 2.403 0.04 

Subbasin-5 52.930 52929.96 0.01676 407.63 6.79 244.581 4.08 

Subbasin-6 71.051 71050.88 0.01721 506.17 8.44 303.704 5.06 

Subbasin-7 68.979 68979.35 0.01398 535.99 8.93 321.596 5.36 

Subbasin-8 123.343 123342.74 0.01193 891.29 14.85 534.771 8.91 

Subbasin-9 80.29838 80298.38 0.02176 508.15 8.47 304.890 5.08 

Reach 
Length 

(km) 
L (m) Slope 

Time of 

concentration 

(Tc) (min) 

Time of 

concentration (Tc) 

(hr) 

Lag Time 

(TL) (min) 

Lag Time 

(TL) (hr) 

Reach-3 37.61317 37613.17 0.00492 502.31 8.3718 301.386 5.0231 

Reach-2 13.94921 13949.21 0.0033 272.92 4.5487 163.754 2.7292 

Reach-4 17.77449 17774.49 0.00596 261.96 4.3660 157.178 2.6196 

Reach-5 9.49007 9490.07 0.00379 192.35 3.2058 115.409 1.9235 

Reach-1 0.13919 139.19 0.00718 5.83 0.0971 3.495 0.0583 

HEC-HMS Model Schematics 

Time of concentration calculation: Sub-Basin  

Time of concentration calculation: Reach 
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Return 
Period (year) 

AEP (%) Rainfall  
(24-Hr) (mm) 

Max Depth 
(m) 

Duration 
of Inundation (hr) 

2 50 24.02 -  -  

5 20 33.84 -  -  

10 10 40.34 9.897 66 

25 4 48.55 13.190 80 

50 2 54.64 15.497 89 

100 1 60.69 17.675 98 

200 0.5 66.71 19.753 107 

Historical  
Event (Yr) 

Rainfall  
(24-Hr)  

(mm) 

Max  
Depth 

(m) 

Duration 
Of  

Inundation  
(hr) 

2017 56.23 15.98 91.5 

2020 50.77 11.89 67 

HEC-RAS 2D Model Schematics 

Hydrodynamic Modelling 

Flood extent all AEP’s  Flood extent historical Events  
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Return 

Period 

(Year) 

AEP 

(%) 

Max. 

depth (m) 

Precipitation 

Depth (mm) 

Number of Events (days) Duration of Inundation (hrs) 

Historical RCP 4.5 RCP 8.5 Historical RCP 4.5 RCP 8.5 

2 50 - 24.02 7 16 17 0 0 0 

5 20 - 33.84 3 8 11 0 0 0 

10 10 9.897 40.34 0 5 7 0 327.6705 459.3104 

25 4 13.19 48.55 0 4 1 0 317.6838 79.73353 

50 2 15.497 54.64 1 2 2 0 176.5508 176.2525 

100 1 17.675 60.69 0 3 2 0 292.4718 195.0639 

200 0.5 19.753 66.71 0 0 0 0 0 0 

Historical & Future Predictions Assessment 
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RCP 8.5 IPCC Scenario: Prediction Assessment 
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RCP 4.5 IPCC Scenario: Prediction Assessment 
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Our Recommendations 
• The Mexico site has a very big catchment (basin) which drains at the site location.  

• The site at Tijuana, Mexico is inside the floodplain. A floodplain or flood plain or bottomlands is 
an area of land adjacent to a river which stretches from the banks of its channel to the base of the 
enclosing valley walls, and which experiences flooding during periods of high discharge. 

• High flood banks can cause any runoff generate from the upstream basin to be contained in this 
area unless the banks also flood.  

• The elevation of side banks is quite high as compared to the site location.  

• During heavy floods the floodplain should get inundated completely. The most severe flood 
event was observed in the year 2017 when the site received more than 56.23 mm in 24 hours.  

• Any rainfall above 60 year return period, i.e., 55 mm in 24 hours resulted in the flooding of this 
site.  

• Since the site is in the floodplain, any flood event during full moon nights can also result into 
backflow of sea water and longer inundation periods.  

• The only advantage at this site is that the rainfall rate remained low in the past 30 years.  

• In the projected scenario, the site remains fairly at risk, as the frequency of higher rainfall 
intensity is expected to rise. 
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• Quantitative assessment in terms of 

monetary values, of the elements at risk 

consequently of the associate risk, in 

of economic losses, is to be carried out.  

 

• This assessment should be aimed to 

quantify economically tangible and direct 

damages due to potential flood events, 

which are physical damages to material 

and industrial damage or loss of lives. 

Proposed Methodology for Obtaining Risk Curve 
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•

 1D models – HEC-RAS 

 2D models – HEC-RAS 2D

•

 Elevation Data (DEM. DSM, DTM) 

 Topographic and Bathymetric Data 

 Land Cover/ Use Data 

 Additional Surveys 

 Population Density 

 Hydraulic Data 

 Hydrologic Data 
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• Flood Risk 

• Flood Hazard to Flood Risk 

• Management of Flood Risk 

• Assessment of Flood Risk 

• Risk Identification 

• Hazard Identification 

• Consequence Identification 

• Risk Quantification 

• Consequence Magnitude Estimation 

• Failure Hydrographs 

• Population at Risk 

• Potential Loss of Life 

• Economic Losses 

• Risk Mitigation 

• Flood Risk Reduction through Structural 

Measures 

• Flood Risk Reduction through Non-

Structural Measures 

• Integrated Flood Risk Management 

Strategy 

• Towards Risk Resilience 
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Total Risk Mapping Sub-Basin Wise for  
Ireland Watershed 
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Climate Risk assessment for water security and energy projects 
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Vulnerability assessment for quantification of climate change impact on 
Hydropower Production 
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Spatio-Temporal Rainfall Variability across Upper Tapi Basin 

1) Sharma, P. J., Loliyana, V. D., Resmi, S. R., Timbadiya, P. V., & Patel, P. L. (2017). "Spatiotemporal trends in extreme rainfall and temperature indices over 

Upper Tapi Basin, India." Theoretical and Applied Climatology, 134(3-4), 1329-1354. 
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based on FAO Classification 
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Flood Frequency Analysis and Flood Modelling using Matlab, HEC-RAS 1D, HEC-RAS 2D for Surat City, India 

Vora, A., Sharma, P. J., Loliyana, V. D., 

Patel, P. L., & Timbadiya, P. V. (2018). 

"Assessment and prioritization of flood 

protection levees along Lower Tapi 

River, India." Natural Hazards Review 

(ASCE), 19(4), 05018009 1-11. 
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 FAMS Intelligence 
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Climate Variability and Flood Inundation Simulation of Krishna Basin, India 

• Mapping of Hydraulic Structures 

• Mapping of Hydro-Meteorological Stations 

(SRG, ARG, AWS, GD) 

• Climate Variability Study 

• Flood Prone River Identification 

 

• Ongoing Studies for 

• Rainfall and Flood Frequency Analysis 

• Rainfall Runoff Modelling at sub-basin Scale 

• Hydrodynamic modelling and inundation 

study 

• Integrated Reservoir Operation Study 

• Fluvial Morphological Study and Implications 

with Flood 
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Climate Variability across Krishna Bhima Basin, India 

• Trend analysis of Rainfall 
over Krishna Bhima Basin 
using last 44 Years (1976-
2019) of India 
Meteorological Department 
(IMD) data.  
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•  
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•
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Short term weather forecast 

 WRF Model 

 

Hydrological Modelling 

• HEC-HMS 1D, 2D or 

• VIC, SWAT or 

• Neural ML Models 

 

Reservoir Operation Modelling 

• HEC-ResSim or 

• ANN/GA/LP/DP Models 

 

Hydraulic Modelling 

• HEC-RAS 1D, 2D or 

• Neural ML Models 

Operational Forecasting for Optimized and Observed Hydropower and Flood Operations  

Our R&D 
Initiative 
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Bridging the Gap 

Opportunity 

Developing of 
Analytical Tools 

and Decision 
Support Systems 

Purpose 
Driven 

Support 

Piloting 
Innovative 
Knowledge 

Products 

Water 
Resources 
Operations 

and Planning 
Systems 

Weather Intelligence 

Flood Intelligence 

System Dynamics  

Automated Data 
Analytics in Water, 

Irrigation, Weather & 
Smart Utility Sectors 

IoT, Big Data, ML, AI 
Integration with Geo-

Informatics 

Institutional Capacity 
Development 

FAMS 

Institutional 
Capacity 

Development 

Working with 
Water 

Resources 
Knowledge 

Centre 

Professional 
Development 

Project 
Management 

Operation 

Support 

Bridging 
Gap 

• Central Government Departments 
• State Government Departments 
• Institutions & Private Companies 
• Non-profit organisations 

• Data Scanning 
• Data Sorting & Validation 
• Data Analysis  
• Data Processing 
• Data Visualization  
• Data Presentation 
• Data Integration 

for Hybrid Model 
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Thanking you !! 
 

We are ready to help you !! 

Forecasting | Analytics | Modelling | Simulation 

Enabling Sustainability 

Dr. Viraj Loliyana 

+91-7779090415 

ceo@famsds.com 


