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Why are lakes important?

Lakes provide…
● Fisheries
● Tourism and 

recreation
● Hydroelectric power
● Flood and drought 

security
● Drinking, household 

and industrial water 
supply

● Irrigation
● Biodiversity
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Lake Maggiore
Aral Sea
Wular Lake 
Lake Taihu
Lake Kasumigaura



What are we looking for?

Objective: Determine how the water quality and quantity of important lakes 
have changed throughout time. 
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Area Eutrophication Total Suspended Solids 
(TSS)

Surface area 
increase and 

decrease

Chlorophyll 
increase and 

decrease (algal 
blooms)

TSS increase and 
decrease
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IOPs (Inherent Optical Properties)
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Red and blue bands in 
RGB images were 

analyzed to see the 
presence chlorophyll 
and suspended solids

Red band 
decrease

Chlorophyll 
increase 

Blue band 
decrease

Suspended 
solids 

increase  



Methodology

Satellite data extraction 
from Landsat using 

Earth Explorer

Analyze 
chlorophyll and 
TSS in RGB lake 

images

6

Create shapefiles 
to measure the 
surface area of 

the lakes

Band 1
Band 2
Band 3
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Analysis of Hurricane 
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Mentor: Tarendra Lakhankar



So, What’s the Problem? 

● Rising sea levels bring about more powerful and 

destructive storms for all coastal cities

● Hurricanes v.s. Tropical Storms

● Negative Effects: 
○ Infrastructure (e.g. drainage and piping systems)

○ Transportation

○ Human behavior and welfare

● Problems are not limited to the coast





What will you be 
working with?

Data Collection:
● NYC Open Database 

○ free public data published by 
New York City agencies and 
other partners

● NOAA's National Climatic Data 
Center (NCDC)

Applications to be used:
● Excel
● Rstudio

○ programming language for 
statistical computing and 
graphics

● ArcGIS
○ platform for organizations to 

create, manage, share, and 
analyze spatial data



Expected Results
● Finding the following before and after 

major hurricane events:
○ Frequency of street floods
○ Location of street floods
○ Socioeconomic Effect of street 

floods
Project Potential
● Finding such patterns allow us to see

○ Which neighborhoods/communities present infrastructure issues/neglect and its 
social implications

○ Actions for adaptation to prevent future damage
○ A better understanding of the causes of street flooding in NYC boroughs



An Analysis of Economic Impact on New York 
City’s Transit System of Extreme Weather 

Events
By: Murshedur Shahy

Mentor- Dr. Tarendra Lakhankar 



Problem Statement
● Climate change impacts will increase the total costs to the nation’s 

transportation systems and their users, but these impacts can be 
reduced through rerouting, mode change, and a wide range of 
adaptive actions. [1]

● After hurricane Sandy MTA proposed a $5B budget for repairs.
● By extreme weather conditions (e.g. snow, flooding, hurricane, and 

tornadoes), as well as preparatory and residual costs totaled- $36.731 
million dollars in 2017 CY budget.[2]

● What are the weather impacts on NYC tolls & bridges, and subway?
● MTA has revenue loss in the Subways but making profit in “Bridges 

and Tunnel”

https://nca2014.globalchange.gov/report/sectors/transportatio
http://web.mta.info/mta/budget/pdf/MTA%202017%20Adopted%20Budget%20February%20Financial%20Plan%202017-2020.pdf


Goals
● Investigate correlation between precipitation, snowfall and temperature 
with the transportation system:
- Trends: Does the ridership goes up or down with different weather 

predictors?
- Economic Assessment: Revenue model based on the weather data
- Vulnerability Assessment: Identifying existing vulnerable facilities 

and systems,     together with the expected consequences

● Better prepared to present and future environmental challenges 
enhances the resilience of communities.

● NOAA’s goal: “study causes and consequences of climate change, the 
physical dynamics of high-impact weather events”





What you will 
be working 
withMTA subway data
- 424 subway stations
- weekly data for turnstile swipes
- from 2011-Present

MTA Bridges and Tunnels data
- 10 different bridges
- daily data of vehicles passing 

through the bridge
- from 2010-2018 



Weather Impacts on the Bridges



Expected Results                 Project 
Potential● How does the weather impact 

the NYC Subway/Bridges
● Research on other implication 

such as- human perception of 
weather, weather warnings and 
social implications

● Estimate a concrete amount in 
loss of revenue in dollar amount

● Which bridge gets affected the most 
and what can be done about it?

● Actions for adaptation to prevent 
future revenue loss



National Water Model 
(NWM) & WRF-Hydro



Source: www.ral.ucar.edu



NWM Run Configurations:
1. Analysis and Assimilation – current conditions

2. Short Range -18 hr forecast

3. Medium Range – 10 day forecast

4. Long Range – 30 day forecast

Forcing Sources:
1. Multi-Radar/Multi-Sensor System 

(MRMS) - radar-gauge observed 
precipitation data, and

2. High Resolution Rapid Refresh (HRRR), 
Rapid Refresh(RAP), Global Forecasting 
System (GFS) and Climate Forecast System 
(CFS) – Numerical Weather Prediction data

Routing:
1. Muskingum-Cunge channel routing down 

National Hydrography 
Dataset (NHDPlusV2) stream reaches

Land surface process simulation:
1. Noah-MP Land Surface Model (LSM)

Source: www.water.noaa.gov

https://nhd.usgs.gov/


Source: www.water.noaa.gov



WRF-HYDRO

• Model designed to link 
multi-scale process of 
atmospheric and 
terrestrial hydrology

• Application – to improve 
hydrometeorological
forecasts

• flash flood prediction, 

• regional hydroclimate 
impacts assessments,

• seasonal forecasting of 
water resources, 

• land-atmosphere 
coupling studies

Source: www.ral.ucar.edu



WRF-Hydro Conceptualization (multi-scale/multi-
physics modelling)

Source: www.ral.ucar.edu



WRF-Hydro Operating Modes

Source: www.ral.ucar.edu



WRF-
Hydro 
Workflow
• GIS Pre-Processor–

Physiographic data 
processing

• ESMF Regridding
Scripts –Met. data 
pre-processing

• Core WRF-Hydro 
Model–Model 
physics

• Rwrfhydro–
Analysis, 
verification, 
visualization

• PyWrfHydroCalib–
Model calibration 
toolkit

Source: www.ral.ucar.edu
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