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Dear Friends,

ike everyone else, the Eversource Energy Center faced the 
unprecedented challenges posed in 2020 by COVID-19. Despite 
them, we maintained firmly our focus on promoting innovative 
research that fulfills our commitment to delivering new knowledge 
and high-quality technologies to the electric utility sector and 
concomitant industries and stakeholders. 

In the past year, we completed 14 research projects and initiated 22 new projects, 
strategically aligned into six thematic areas: Outage Prediction Modeling and 
Emergency Response, Resilience System Modeling and Economic Effects, 
Vegetation Management, Outreach, and Forest Science, Renewable Energy and 
Grid Integration, Cyber and Physical Security, and Offshore Wind Energy. 

Among the several milestones highlighted in this report is the expansion of our 
operational outage prediction model to account for new vegetation and drought 
variables. This expansion will improve significantly the model’s prediction accuracy 
for such extreme events as tropical storm Isaias, which caused widespread 
outages in the northeastern United States last August. We also marked in the fall 
of 2020 the kickoff of our power grid modernization graduate certificate program 
and welcomed three new faculty members with expertise in, respectively, weather-
impact modeling, power engineering, and the energy-biodiversity nexus. Our 
funding is stronger than ever, with active research grants totaling $9 million (total 
to date $20 million) and pending grants of $22 million.

We have also developed new regional partnerships. With the University of 
Albany’s Atmospheric Sciences Research Center, we proposed a National 
Science Foundation Industry-University Research Partnership Center for Weather 
Innovation and Smart Energy and Resilience (WISER). This center will bring 
together power utilities and industry across the country to support innovative 
research that will provide state-of-the-art weather and climate information to 
strengthen and safeguard the energy industry of the future. In collaboration with 
the Electric Power Research Institute, we are developing a tool to quantify how 
often power disruptions occur as a result of storms and track trends brought 
about by climate change. This tool will guide policymakers and the utility industry 
on ways to improve power grid performance by focusing their efforts on its 
reliability and resiliency.

We invite you to take a look at the research summaries and other information in 
this report and hope you will find it both enlightening and useful. We are open 
to broadening our collaboration with representatives of academia and industry 
who wish to participate in our research, activities, and initiatives. Our proven 
consortium method will produce the next generation of technologies and software, 
leading to transformative commercial products and services and advances in 
storm preparedness, grid resilience, and grid modernization. Our exceptional 
partnerships are driving innovation, and we invite you to join us in building the grid 
of the future, today.

Emmanouil Anagnostou
Director, Eversource Energy Center

April 30, 2021
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A
re The Eversource Energy Center  

is the leading partnership between an 

energy utility and a university in the  

United States. A trusted source of energy 

expertise, the Center is striving to advance 

new research and technologies to ensure 

reliable power during extreme weather and 

security events. Our Center’s consortium 

approach is to create partnerships, develop 

next-generation technology and software, 

and collaborate to meet current and future 

reliability and energy needs

We Are  

a hub for innovative  

and progressive thinking 

to build the electric grid 

of the future, today.
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Center Research Staff
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Ha Nguyen, Assistant Research Professor, jointly with 
Department of Electrical and Computer Engineering
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Center Staff
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ur Center originated from a partnership between Eversource Energy and 
the University of Connecticut, with the purpose of enhancing electric utility 
preparedness, hardening infrastructure, and embracing the grid of the future: 
intelligent, interactive, automated, reliable, and safe! The Center comprises experts 
at universities, state organizations, and the electric utility industry, collaborating 
within the framework of a Center of Excellence. Marshaling the expertise of 

these various stakeholders through an integrated analytical approach enables us to advance 
forecasting tools, proactively manage risk landscape, and embrace new technologies, yielding 
strategies and actions to manage severe weather hazards. Importantly, research at the Center 
features a dynamic vision: it accounts for climate evolution, as well as the changes in exposure 
and vulnerability to extreme weather events produced by different societal activities and 
demographics.  

Key initiatives 
Among the Center’s key initiatives in 2020 were the launching of numerous research projects, 
the introduction of a new graduate certificate program in grid modernization, and the 
successful engagement of female and underrepresented minority undergraduate students in 
peer-reviewed research. 

RESEARCH PROJECTS 

In 2020, the Center initiated 22 new projects 

in six thematic areas:

1. Outage Prediction Modeling and 

Emergency Response

2. Resilience System Modeling and 

Economic Effects

3. Vegetation Management, Outreach, and 

Forest Science

4. Renewable Energy and Grid Integration 

Cyber and Physical Security

5. Offshore Wind Energy

NEW GRADUATE CERTIFICATE PROGRAM

In Fall 2020, we kicked off our power grid 
modernization graduate certificate program 
with 13 industry students. Their very positive 
reception of the first course offered, 
Predictive Analytics, triggered great interest 
from electric utility industry engineers. 
Early communication with utility managers 
indicates the program will have 25 industry 
participants in 2021.

UNDERGRADUATE STUDENT RESEARCH

In the past year, the Center engaged eight 
undergraduate students—five of them female 
and/or from underrepresented minority 
groups—in research ranging from designing 
a microgrid and mapping the groundwater 
footprint in Ethiopia to a wildfire ignition 
project in California and the prediction of 
storm forest disturbances and outages. Their 
efforts met with great success, with all the 
projects producing papers submitted to and 
published or accepted for publication by 
high-profile peer-reviewed journals. Currently, 
we are pursuing a new undergraduate 
research initiative for the spring, summer, 
and fall semesters of 2021, this time focused 
exclusively on underrepresented minority 
students.
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Our Sponsors
Eversource

Electric Power Research Institute (EPRI)

Housatonic Valley Association

ISO New England

National Aeronautics and Space 
Administration (NASA)

National Science Foundation (NSF)

Strategic Partnerships
The Center is continuing its collaboration with 
Bay State Wind Energy and Aquarion Water 
Company of Connecticut in 2021 in the areas 
of offshore wind resource characterization 
and water conservation.

BAY STATE WIND ENERGY 

Bay State Wind Energy has brought together 
Eversource and Ørsted, builder of the first 
and largest offshore wind farms in the world. 
The new partnership combines Ørsted’s 
preeminent offshore wind development 
capability with Eversource’s predominant 
presence in the Northeast, its industry-leading 
financial strength, and its expertise in regional 
transmission development. In 2019, the 
Center signed a sponsor research agreement 
to expand its activities beyond Eversource 
CT.  This agreement approved support for 
an integrated research project that aims 
to enhance environmental monitoring and 
modeling capabilities for offshore wind 
energy generation.  

AQUARION 

Aquarion Water Company of Connecticut, 
a subsidiary of Eversource, is the public 
water supply company for approximately 
198,000 customer accounts, covering more 
than 625,000 people in 52 cities and towns 
throughout Connecticut’s Fairfield, New 
Haven, Hartford, Litchfield, Middlesex, and 
New London counties. It is the largest 
investor-owned water utility in New England 
and among the seven largest in the United 
States. In September 2019, the Center 
and Aquarion began their partnership 
with a research project that aims to make 
available to water providers a mechanism 
for encouraging homeowners to reduce turf 
watering voluntarily. 

The Center has also established two new 
strategic partnerships.

ELECTRIC POWER RESEARCH INSTITUTE

The Electric Power Research Institute (EPRI) 
is an independent, nonprofit organization 
for public interest that conducts research 
on electricity generation, delivery, and use in 
collaboration with the electricity sector, its 
stakeholders, and others focusing on electric 
power safety, reliability, and affordability and 
the nexus between electric power and the 
environment. In 2020, the Center established 
a research collaboration with EPRI to provide 
complete and accurate information on the 
vulnerability of the electric grid to weather 
extremes and assess trends in power outages 
and efforts needed to maintain reliable 
energy delivery. We plan to demonstrate our 
methodology in 2021 over the northeastern 
United States, where our team has many 
years of outage and electric infrastructure 
data from Eversource Energy and the United 
Illuminating Company. In the summer of 2021, 
EPRI and the Center will present our pilot 
study to the EPRI member advisory board for 
extending this effort nationwide. 

UNIVERSITY OF ALBANY ATMOSPHERIC 
SCIENCES RESEARCH CENTER

The Atmospheric Sciences Research 
Center (ASRC), of the State University of 
New York at Albany, was established on 
February 16, 1961, by the Board of Trustees 
of the State University of New York as a 
SUNY systemwide resource for developing 
and administering programs in basic and 
applied sciences related to the atmospheric 
environment. In 2020, ASRC and the Center 
submitted a planning grant proposal 
to the National Science Foundation for 
the formation of an Industry-University 
Cooperative Research Center (IUCRC) for 
Weather Innovation and Smart Energy and 
Resilience (WISER) that will provide state-
of-the-art weather and climate information, 
combined with leading-edge, industry-
inspired research and development, to 
ensure reliable and resilient energy in the 
21st century.
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Awarded Amounts
2016–present  $19,877,956 

Pending proposals  $22,873,516 

Expenditures

2016 $998,059

2017 $2,158,683

2018 $2,423,839

2019 $2,454,938

2020 $2,156,234

Students
Undergraduates  7 

Graduates  36

Postdocs  2

Alumni  47 

Publications 
and Patents
Peer-reviewed  80

Patents  2
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Tropical Storm Isaias
OPM FORECASTS AND LESSONS LEARNED

ypsy moth infestations and 
drought conditions in recent 
years have weakened trees 
throughout Connecticut to such 
an extent that forests were 
particularly vulnerable when 

the remnants of tropical storm Isaias swept 
through on August 4, 2020, causing extensive 
power outages related to tree damage.

The Eversource Energy Center issued five 
predictions to Eversource between August 
1 and 4 for the utility company’s territories 
across Connecticut, Massachusetts, and 
New Hampshire and four to AVANGRID for 
the United Illuminating service territory in 
Connecticut. Predictions were based on the 
UConn Outage Prediction Model (OPM), a 
state-of-the-art model that uses weather 
forecasts, land cover, 
vegetation and infrastructure 
characteristics, and historical 
outage records to predict the 
amount of damage a storm 
will inflict on the electric 
distribution system. In almost 
every case, the reports 
predicted significantly 
increasing storm severity 
across Connecticut, with the 
last predictions, released 
on the morning of August 
4, indicating an extreme 
impact, in the range of 3,000 
to 6,000 damage locations 
for Eversource Connecticut 
and 400 to 800 for United 
Illuminating.

Even given those increasingly 
ominous indicators, the 
storm’s damage exceeded 
the OPM predictions 
across Connecticut by three- to fourfold, 
as strong winds blew through the state 
and non-meteorological factors became an 
unexpected part of the equation. An extreme 
drought affected the region in 2016, and, as 
of August 2020, unusually dry conditions 
persisted in much of the state. These 
conditions degraded the ability of many trees’ 
root systems to withstand the sustained 
wind levels of a major weather event, 
particularly to the north. In addition, tree 

canopy defoliations resulting from gypsy moth 
infestations in 2016, 2017, and 2018 created 
vulnerabilities statewide.

Isaias also had unique characteristics that 
affected the OPM modeling outcome in 
several ways. Most particularly, the storm 
was disintegrating as it passed over the 
state, which caused higher sustained winds 
and microbursts in localized circulations 
across a widespread area. In these localized 
pockets, sustained winds exceeded the 
level experienced in both Hurricane Sandy 
in October 2012 and Hurricane Irene in late 
August 2011. At the same time, data included 
in the model from storms such as Sandy 
and Irene that were similar in magnitude to 
Isaias reflected significant meteorological 
differences between those storms and Isaias. 
Irene involved more precipitation than Isaias, 
and Sandy occurred later in the year. In 
midsummer, Connecticut’s forests have the 

greatest leaf area exposed to the brunt of 
high winds, causing more tree and branch 
movement than when the leaf area is less. With 
drought conditions weakening the strength 
of root systems to an unprecedented extent, 
the combination of these factors caused the 
impact to be extreme. Moreover, the National 
Weather Service confirmed that a tornado, 
with a maximum wind speed of 95 to 105 mph, 
occurred in Westport, where power outages 
were extensive. Other small tornadoes and 

G

Temporal evolution of the wind and wind gust forecasts for Eversource Connecticut 
during the days preceding the impact of tropical storm Isaias in Connecticut 
(left) and comparison of two drought indices (the three-month Standardized 
Precipitation Index, SPI3, and the Palmer Z-Index, PZI) and the Leaf Area Index 
(LAI) for hurricanes Sandy and Irene and tropical storm Isaias.
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microbursts are suspected to have taken place 
in some locations, further indicating localized 
pockets of extreme winds.

Although this unusual confluence of 
conditions presented considerable challenges 
to outage prediction, Isaias has been a great 
catalyst for improvements to the UConn 
OPM.  Based on the findings of preliminary 
research that the dryness of the soil greatly 
exacerbated the impacts of the storm, the 
OPM team is currently quantifying the effects 
of drought on the dynamics of weather-
related power outages, as well as those of 

a wide range of vegetation characteristics.  
At the same time, the team is expanding in 
detail and sophistication the way in which we 
extract information from the meteorological 
characteristics of storms to enhance the 
description of extreme weather events for 
outage modeling.  By incorporating these 
characteristics into our outage prediction 
model, the OPM team continues to innovate 
at the cutting edge of outage forecasting and 
environmental predictive analytics as applied 
to electric infrastructural systems.

Following extreme storms, power restoration 
by utility companies can take days or even 
weeks. The problem is complex, involving 
damage discovery and assessment, 
prioritization, and restoration, all happening in 
a post-storm emergency environment where 
travel can be impeded by blocked roads or 
difficult road conditions, crews working outside 
can be endangered by strong winds or freezing 
temperatures, and a limited number of crews is 
available to fix an unknown amount of damage.

Computer simulations are an invaluable tool 
for testing the impact different decisions 
can have on restoration outcomes. At the 
Eversource Energy Center, we use agent-
based modeling, a technique that simulates 
human decisions while also representing 
technical conditions. Our ABM provides a 
virtual environment where utility managers 
can test their restoration decisions before 
implementing them, or it can be used in real 
time to provide an estimate of the time to 
restoration, given available resources.

In the ABM, a set of agents (in this case, 
utility crews) is assigned a set of behavioral 
rules—regarding, for example, how to prioritize 
repairs, routes traveled between outages, 
rest periods, and so on—according to which 
they operate in the environment around them 
to effect the repairs. The user of the model 
then inputs and adjusts such parameters as 
individual outage repair times, number of 
crews working, outage assignment strategies, 
and crews working day or night. The goal 
is to include all the parameters relevant to 
restoration to study the impacts of each 
decision so the ABM can provide an estimate 

Agent-Based Modeling to Test Restoration Decisions

of the restoration curve, including estimated 
time to full restoration. 

To date, the research team has used our ABM 
to recreate past storms, giving us a better 
understanding of the restoration process 
and helping us find the correct parameters 
to use in the model for storms of different 
magnitudes. The next step, now underway, 
is to identify and tune all the parameters 
to reproduce what actually happened with 
restoration during tropical storm Isaias in 
August 2020 and 20 additional storms. Having 
achieved this, we will be able to estimate 
the time to restoration in advance of any 
storm by running the ABM using forecasts 
of damage amounts and locations from 
the UConn Outage Prediction Model. This 
coupled system of outage prediction and 
restoration modeling will provide emergency 
managers with insights from an entire 
modeled storm, including weather forecasts, 
outage predictions, and restoration estimates, 
before the storm arrives. With the benefit 
of the complete system, they will be better 
prepared for extreme storms and scenarios 
not experienced before.
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Results of one ABM simulation (red line) compared to the actual tropical storm Isaias restoration (black 
line). The simulation assumes that the number of crews available for repairing outages increases from day 
1 until the end of restoration. Assignments are split, with 65 percent of crews working during the day (6am 
to 10pm) and 35 percent at night. For the first 48 hours, 50 percent of crews are dispatched to random 
outages within 25 miles of their locations. The remaining crews are dispatched to the outage with the 
most customers affected for the first outage of the day, then are assigned to the nearest outage for the 
remainder of their shifts. At the beginning of the simulation, the ABM overestimates the peak number of 
customers without power. Continuing work on fine-tuning the parameters should result in a peak closer to 
the actual restoration curve. 

HOURS OF RESTORATION
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objective is to continue enhancing UConn’s 
OPM capabilities to forecast distribution 
network outages from winter storms, extreme 
weather events, and thunderstorms. 

This new project has set out to achieve three 
main outcomes:

Revamping of in-house numerical weather 
prediction systems that are currently 
providing real-time forecasts four to five 
days ahead. These weather forecasts 
directly inform the OPM applications.

Augmentation of our in-house predictions 
with real-time weather products from 
the National Weather Service (NWS) to 
quantify variability and uncertainty in storm 
forecasting.

Continuation of our development of an 
online weather forecast verification platform 
so researchers and Eversource Energy 
managers can view successes and errors in 
weather forecasts in almost real time. 

During the first six months of the project, we 
began to evaluate 24 high-impact rain and 
windstorms that took place in 2018–19 using 

Extreme Weather Prediction 
for Emergency Response

Images of tropical storm Isaias, 
August 4, 2020: a satellite image 
from NOAA, the National Oceanic and 
Atmospheric Administration (left) and 
a forecast from the Weather Research 
and Forecasting model, WRF (right).

The importance of predicting extreme 
weather events accurately is underscored 
by their severe effects on human lives, 
infrastructure, and the environment. 
According to the U.S. Department of 
Commerce, weather-induced blackouts in U.S. 
power distribution grids have caused over $1.5 
trillion in damage since the 1980s. Impacts 
of weather events like Hurricane Irene (2011), 
Hurricane Sandy (2012), and, most recently, 
tropical storm Isaias (2020) highlight the need 
for improved disaster preparedness, response, 
and mitigation strategies. 

The outage prediction models (OPMs) 
developed by the Eversource Energy Center at 
the University of Connecticut use geographical 
data, data on attributes of the electric system, 
and, especially, numerical weather prediction 
(NWP) information to predict the impact 
of storms many days before they happen. 
The Extreme Weather Forecasting project, 
which began in May 2020, aims to assess the 
uncertainty and improve the accuracy of severe 
storm prediction using NWP models so we can, 
in turn, more accurately predict the number, 
location, and duration of power outages.

The Extreme Weather Forecasting project 
supports the needs of the Eversource Energy 
Center in the area of outage prediction 
modeling and emergency response. Its 
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updated versions of the Weather Research and Forecasting (WRF) model. We also evaluated 
the accuracy of forecasts of tropical storm Isaias, which devastated the state of Connecticut 
in August 2020. In the next phase of the project, these analyses will guide the selection of 
appropriate techniques to quantify uncertainty in storm forecasts and help us continue to 
improve the accuracy of our wind and precipitation predictions. 

Forecasting tropical storm Isaias: WRF model domains (left); minimum mean sea level pressure from three different model 
simulations (middle); and 10m wind speed for Bradley International Airport from observations and three different model 
simulations (right), with green lines showing the best model representation of the storm and the best forecast, respectively. 

rees are important to people. 
They provide shade, privacy, 
beauty, backdrops for 
recreation, and habitats for 
wildlife, and they contribute to 
improving air and water quality. 

When managing roadside vegetation, utility 
companies consider not just public safety and 
electric power reliability, but the many other 
reasons trees are important to people. The 
social science of human dimensions seeks 
to understand how people make decisions 
about natural resources like trees, and the 
characteristics of people that affect those 
decisions. As part of the Stormwise project 
at the Eversource Energy Center, a study 
in human dimensions is helping UConn 
researchers understand public concerns about 
and opportunities for roadside tree and forest 
management in urban, suburban, exurban, and 
rural communities across Connecticut. 

From work in progress, we are learning how 
public support for different tree management 
strategies might vary depending on 
location within the Connecticut landscape. 
For the roadside forest, utility vegetation 
management involves tradeoffs between 
reliable electric power and tree preservation. 
How do people perceive these tradeoffs? 
To find out, we conducted a mail survey to 
evaluate the perceptions of residents in two 
areas of Connecticut. We also carried out a 
landscape analysis by using a geographic 
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information system to assess information 
related to tree cover around each survey 
respondent’s home.  

By looking at the social survey data we collected 
from residents in the context of the landscape 
where they live, we found these residents, 
on the whole, had favorable attitudes toward 
the utility vegetation management process, 
and they generally understood the tradeoffs 
between having reliable power and protecting 
trees. Respondents generally also perceived that 
utility vegetation management improves public 
safety and minimizes power outages. However, 
they were more likely have favorable attitudes 
toward utility vegetation management if they 
had greater knowledge about trees, were more 
likely to believe that trees should be used for the 
benefit of humans, prioritized reducing power 
outages over preserving forest aesthetics, 
and considered change in roadside forests 
to be acceptable. The characteristics of tree 
cover around respondents’ homes were not as 
strongly associated with their attitudes toward 
utility vegetation management.  

The results of this study suggest individual 
attitudes toward vegetation management are 
likely based on the overall importance of trees 
to the individual rather than the characteristics 
of the trees around a resident’s home. The 
existing diversity of public preferences provides 
opportunity to develop variability in approaches 
to roadside forest management.

T

11

Understanding Public Support for Vegetation Management
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Vegetation Risk Mapping through 
Remote Sensing Technology
Tree failure is a primary cause of storm-related 
power outages throughout the United States. 
In the forested Northeast, utilities report that 
damaged trees cause up to 90 percent of 
outages during storms.  Such recent storm 
events as Isaias, Sandy, and Irene, which 
struck the northeastern United States with 
near hurricane- and hurricane-force winds 
and heavy rain, resulted in widespread and 
prolonged outages affecting millions of people. 
In Connecticut alone, tropical storm Isaias 
caused outages for over 700,000 customers 
in August 2020, and Hurricane Sandy caused a 
similar number in 2012. In 2011, Hurricane Irene 
left approximately half a million customers 
in the dark. With storm activity expected to 
increase in conjunction with climate change, 
informed vegetation management programs 
for improving the resilience of the power grid 
have gained in importance. 

Electric utilities spend billions of dollars 
annually on tree trimming to reduce forest 
risk to infrastructure. Two major factors can 
exacerbate this risk: the physical structure 
of trees and the state of their health. The 
physical structure of trees can affect both their 
exposure and their resistance to damaging 
winds. Those that mature in dense forest 
conditions tend to be poorly adapted to 
strong winds when they become exposed on a 
new forest edge. Tall trees that protrude above 
the forest canopy have more “sail” area than 
surrounding ones, and the greater leverage 
exerted by winds on their trunks increases the 
chance of uprooting or stem breakage. With 
respect to tree health, such stress factors as 
insects and disease can affect the vitality of 
forests significantly. Unhealthy trees are more 
likely to fall during storms. 

By using remote sensing technology, 
researchers at the Eversource Energy Center 
can monitor and assess both these aspects of 
tree and forest conditions across vast areas. 
Light Detection and Ranging (LiDAR) sensors 
can measure three-dimensional structural 
characteristics of tree crowns and forest 
canopies, while the optical imagery from 
satellites and aerial platforms can provide 
information on vegetation health. In our 
research, we have utilized publicly available 
statewide LiDAR data to develop a 3D tree 
canopy height model (CHM) for the entire 
state of Connecticut. The CHM has enabled us 
to identify “proximity pixels”—locations where 
trees are close enough to powerlines and tall 
enough to strike them during storms. 

Our research will support efforts to improve 
the resilience of the electric grid to windstorm 
events by enabling Eversource to target more 
effectively the locations in greatest need of 
vegetation management and other resilience 
programs, to implement the most effective 
resilience strategies for given locations, and 
to justify mitigation strategies to regulatory 
agencies and the public. 

“Proximity pixels” are identified where the height of 
trees is greater than their distance from powerlines (top) 
and can be mapped along roads where powerlines are 
located (bottom).

Based on these results, we have created a 
high-resolution proximity pixel map that 
covers the entire Eversource service area 
in Connecticut. To account for vegetation 
dynamics and tree growth over time, we 
have also extrapolated proximity model 
predictions, based on 2016 LiDAR data, for 
forecasting vegetation risk out to 2021.

Powerline
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Proximity pixel map based on 2016 LiDAR data (left) and extrapolated proximity pixel map for 2021 (right).

Tree Trimming for Outage Reduction
MEASURING THE BENEFITS

With more than half its land covered by trees, Connecticut relies on vegetation management 
processes (VMPs) for maintaining its powerlines and improving the reliability of its power grid. 
To Eversource, VMP operations are both vital and costly, especially as extreme weather events 
throughout the year increase in intensity with climate change. Understanding how much VMPs 
have helped enhance the resilience of the state’s electricity and economic systems is essential 
to assessing the value of current operations and the potential for expanding them further; and 
paramount to gaining this understanding is the ability to quantify the technical and economic 
benefits of reducing the frequency and persistence of tree-related outages. 

Percentage change in tree-
caused power outages in 
Eversource service areas at 2 
by 2 km resolution, 2010–15.
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In 2019, the UConn researchers investigating 
the sociotechnical and economic benefits of 
improved resilience focused their attention on 
assessing the effectiveness of VMP operations. 
First, they sought to ascertain how much 
past VMPs had reduced the occurrence and 
duration of outages. Working for the first 
time with highly refined data on outages and 
powerlines from 2011 to 2015, the researchers 
determined that conducting VMPs conferred 
substantial benefits throughout the entire 
network. They then applied these findings 
to inform the Regional Economics Model, 
Inc. (REMI), which allowed them to estimate 
how Connecticut’s economy might react to 
changes in these operations.

The results of the analysis showed that, in 
terms of minutes without power, annual costs 

of outages to the state’s economy from 2013 
to 2018 were as high as $18 billion when 
extreme events, like Hurricane Sandy, hit 
the state. Although VMPs carried out by 
Eversource were expensive, the reduction 
in the frequency and duration of outages 
produced net benefits to electricity users 
amounting to $24 million per year. The 
operations also helped support thousands of 
jobs each year and increased the state’s gross 
domestic product (GDP) by 0.14 percent, on 
average, and up to 0.28 percent when events 
like the 2018 nor’easter hit.  

The combination of economic modeling 
with a technical analysis of VMPs by UConn 
researchers has been an absolute novelty. 
The approach has proved important 
to understanding the extent to which 
increasing the resilience of the power grid 
contributes economically to the state and to 
Eversource’s customers. 

Annual cost of outages five minutes or longer in 
Connecticut: county and state totals (in millions of  
fixed 2009 US$), 2005–15.

                                                      AT OUTAGE MEDIAN DURATION                  AT OUTAGE AVERAGE DURATIONS

   2013-17 AVG             2018 Nor’easter                2013-17 AVG   2018 Nor’easter

Jobs 5,364 8,635 10,966 16,067

GDP 286 634 767 1,316

Personal Income (current $) 294 570 652 1,148

Personal Income Taxes 64 126 143 252

CT Sales Tax 13 28 34 59

Annual average Connecticut benefits from TTO to Connecticut’s economy at 
average and median outage durations (2013–19).

Note: All monetary values are in 2005 fixed US$ unless otherwise noted.
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o build and operate offshore wind farms, we need information. High-quality 
meteorological and oceanographic measurements over coastal and marine 
environments are crucial to decisions regarding their planning, siting, installation, 
operation, maintenance, and, eventually, decommissioning. Compared to onshore 
capabilities, however, typical monitoring of offshore wind (and wave) conditions 
tends to be sparse and expensive, relying on a real-time observing network 

consisting of wind towers, buoys, and regular reports from ships.  
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In recent years, however, a new generation 
of satellite missions has brought a dramatic 
increase in real-time observations over the 
near shore in both diversity and volume. With 
greater coverage, higher resolutions, and 
more frequent observation, we now have the 
potential to use these data to complement the 
observations gathered by the in situ observing 
network in offshore regions.  

To take advantage of this opportunity, 
Eversource has funded a project at the 
Eversource Energy Center that will enhance 
our capacities to monitor and analyze offshore 
wind and waves in three domains: 

The deployment and use of new sensors, 
especially underwater. Presently, the 
information we can gather underwater is 
very limited. To assess the technical viability 
and the environmental and biological risks of 
wind farm construction, we need to be able 
to collect data on and keep track of these 
conditions. Underwater data can help us 
evaluate and make adjustments for marine 

fauna and noise that 
could be harmful 
to it, facilitating 
both construction 
operations and 
compliance with 
federal regulations. 
To collect and 
analyze underwater 
background noise, we 
will be deploying in 
the offshore region 
of Massachusetts 
a passive acoustic 
sensor (PAL) built as 
part of this project. 

The enabling of real-time collection and 
display of meteorological and oceanographic 
observing networks. Traditional wind 
resource maps are needed for prospecting 
and planning for offshore wind farms, and 
research activities are needed to gather, 
assemble, perform quality control on, and 
organize historical wind and wave data from 

various sources. These include the National 
Renewable Energy Laboratory (NREL), 
which completed a national map of the mean 
annual wind resources in coastal waters and 
works with industry stakeholders for wind 
characterization at the local level; several 
observing and modeling studies funded by 
the Department of Energy and the National 
Aeronautics and Space Administration 
(NASA), which have provided a closer 
depiction of the wind resources in the New 
England Region for limited periods; and 
the National Buoy Data Center and several 
universities, including UConn, and research 
institutions that maintain a buoy network off 
the coast of Connecticut, Rhode Island, and 
Massachusetts. 

The analysis and prediction of wind power 
ramps. Wind power forecasting has proved 
an effective tool from both technical and 
economic perspectives for facilitating the 
integration of wind power into the electric 
grid. Ramping—the rate of change of wind 
power—is of concern to power grid operators, 
but skills in detecting and predicting power 
ramps are low. We are conducting a time 
series analysis of power and wind from the 
Block Island wind farm as a reference to 
implement and evaluate ramp prediction 
methods and compare observations to 
models to determine—and eventually 
improve—the skill of prediction. 

The passive acoustic sensor (PAL) to be deployed 
on the sea floor off Massachusetts.

A comparison of buoy observations with satellite 
altimetry data, from a published study by UConn 
students. The color of the circle denotes the correlation.

Monitoring Wind and Waves from Satellites
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According to a 2017 report by the National 
Renewable Energy Laboratory (NREL), many 
offshore wind sites that promise considerable 
economic potential by 2027 are located off the 
northeastern United States and the eastern shore 
of Virginia. A lack of high-quality atmospheric 
measurements over coastal and oceanic 
environments presents a challenge, however, 
for the siting, operation, and maintenance of 
offshore wind energy farms.

In particular, highly accurate information is 
needed at the level of the turbine rotor blades, 
generally 50–200 meters above mean sea level 
(MSL), where the wind often behaves differently 
than it does within 10 meters of the surface. To 
fill the gap left by inadequate measurements, 
numerical weather prediction (NWP) models 
are used to forecast atmospheric conditions 
over offshore areas of interest at fine spatial and 
temporal scales. 

The Eversource Energy Center’s High-Resolution 
Wind Prediction project aims to enhance 
current capabilities by developing a system 
that simulates localized winds at high spatial 
resolution for Eversource’s offshore wind facility 
in the Northeast Atlantic cluster. In progress 
since January 2020, the project has three main 
objectives: to develop high-resolution wind 
prediction capabilities for the Eversource facility, 

High-Resolution Wind Forecasting
to assess the accuracy of this system, and to 
provide recommendations to optimize the 
configuration of the model and improve its skill 
in forecasting wind conditions. 

During the first year of the project, we tested 
multiple NWP model configurations. The 
underlying physics, dynamics, and numerical 
approximations, plus the computational cost, 
present great challenges to the ability of NWP 
models to describe atmospheric conditions 
accurately at such fine resolution. Furthermore, 
the lack of routine offshore atmospheric 
measurement for comparison purposes hinders 
the ability to evaluate and assess the model’s 
performance. 

In January 2020, as we began our project, 
an important new resource became available 
with the deployment by the U.S. Department 
of Energy (DOE) of a LiDAR (Light Detection 
and Ranging) buoy off of Martha’s Vineyard 
that provides measurements of wind at various 
heights up to 200 meters above the sea surface. 
The data from the buoy are extremely valuable 
for the model evaluation we are undertaking.

To date, we have analyzed ten cases of various 
wind conditions and have used onshore and 
offshore atmospheric observations to evaluate 
the performance of the model. The offshore 
evaluation using LiDAR buoy data shows 

the model is capable of 
accurately representing 
wind speed offshore. In 
the next phase of the 
project, we will continue 
to analyze new simulations 
of additional atmospheric 
conditions and will provide 
recommendations for 
optimal wind prediction in 
the offshore environment. 

Model domains centered on the 
location of the proposed South Fork 
Wind Farm (left); location of available 
offshore observations within the 
NWP model domains, with a red star 
showing the location of DOE’s LiDAR 
buoy (middle); and a closeup of the 
LiDAR buoy and its location (right).

Two of the ten wind speed cases 
simulated by the model for 2020. 

The upper row shows the wind 
speed evaluation for March 6–8, and 

the lower row shows April 12–14. 
Model data from the 600m domain 

are indicated by the red lines and 
observations from the LiDAR buoy at 

40m, 70m, 120m, and 200m above 
sea level by the black lines.
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Offshore wind is an abundant energy resource 
with significant environmental and economic 
benefits, but as a natural resource, it is 
variable. At the Eversource Energy Center, the 
Marine Boundary Layer Modeling project aims 
to improve the design and operation of wind 
farms by better characterizing meteorological 
conditions at the wind-farm scale. 

Researchers at the Center are currently 
developing a high-fidelity, high-resolution 
computational model that is capable 
of simulating the atmospheric motions 
around individual wind turbines. Extending 
UConn’s Large-Eddy Simulation (LES) 
model to include these motions will enable 
it to capture the interaction of individual 
turbines with the turbulent atmosphere. This 
newly developed capability will allow us to 
investigate the dependence of overall power 
output on environmental conditions and 
the characteristics of the wind farm, such as 
the type of wind turbines and their relative 
positioning. 

The key advantage of the LES modeling is 
its accurate representation of atmospheric 
turbulence near the ground or the ocean 
surface. The interaction of the atmosphere 
with the surface, including wind shear and the 
effects of temperature differences between 
the atmosphere and the ocean, results in 
a rich spectrum of atmospheric motions, 
which depend on local meteorological 
conditions and directly affect wind power 
extraction and equipment maintenance 
operations. The fluctuations in wind speed 
and direction caused by such turbulence lead 
to variations in the available wind power and 
generate alternating forces on the turbines. 

Simulating Turbine-Level Wind Profile and Turbulence

High-wind-speed bands forming near the 
surface, for example, cause repetitive forces 
that can shorten the lifespan of the turbines. 
By helping us understand better the distinct 
characteristics of near-surface atmospheric 
turbulence, LES modeling can lead to 
improvements in design and maintenance 
operations that will lengthen the turbine 
lifespan. 

A limitation of the LES modeling is the 
relatively small area—about 10 to 20 
kilometers—that is simulated. To address 
this, researchers from the Center’s Weather 
Research and Forecasting project are running 
simulations on their larger-area WRF model to 
provide input about meteorological conditions 
to the LES model. The Marine Boundary Layer 
Modeling project showcases the multi-scale 
modeling capabilities at the Eversource Energy 
Center by using this combination of models to 
simulate and predict meteorological conditions 
and atmospheric turbulence, from the regional 
scale to the wind-turbine scale. 

A snapshot of the wind field at 80m height, simulated by UConn’s 
Large-Eddy Simulation (LES) model.

Bivariate 
histograms of wind 
ramps in observed 
(buoy) data and 
model data.



18

Ed
uc

at
io

na
l P

ro
gr

am
s 

an
d 

O
th

er
 A

ct
iv

it
ie

s

n terms of infrastructure 
change and public impact, grid 
modernization of the electric 
power system represents one 
of the largest investments and 
most consequential projects for 

utilities in the United States. The modernization 
effort envisions a more resilient, secure, 
sustainable, and reliable grid that will allow for 
an array of emerging services while remaining 
affordable to customers. It involves installing 
a physical framework on an existing system, 
optimizing the network, and processing new, 
large flows of monitoring data. 

The proposal of a Power Grid Modernization 
Graduate Certificate by the Eversource Energy 
Center at the University of Connecticut grew 
from the specific need of the utility industry 
to prepare for its transition to the grid of 
the future by providing training each year 
to cohorts of early-career engineers on the 
technical aspects of grid modernization. Based 
on this need, the EEC designed a certificate 
program that increases human expertise on 
predictive analytics, microgrids, communication 
systems, and distribution management systems 
to enable higher-level control functions and 
schemes to manage the increasing levels 
of distribution energy resources (DER) 
penetration. These four courses in the study 
plan cover the fundamentals required to 
address industry’s new 
challenges: integrating 
renewable energy sources 
into the grid; predicting future 
electricity demands, capacity, 
smart grid designs, and 
operations; and confronting 
issues surrounding physical 
and cyber security.

The certificate program 
kicked off in Fall 2020 with 
the predictive analytics 
course, provided entirely 
online. A dozen enrollees 
from utility companies took 
this three-credit, graduate-
level course to gain expertise 
on methods for processing 

I
Preparing for the Grid of the Future
UCONN’S NEW GRID MODERNIZATION CERTIFICATE PROGRAM

datasets related to grid modernization, 
weather, and renewable energy. The course 
featured a hands-on approach to machine 
learning, ranging from standard regression 
methods to deep-learning methods and 
covering a wide spectrum of applications. The 
training also included a team final project, 
which students developed throughout the 
semester on topics of their choice. In total, 
eleven projects on various topics pertaining 
to grid instability, renewable energy, anomaly 
detection, and power outage were developed 
and successfully carried out with the help of 
the two Eversource Energy Center instructors 
and a graduate teaching assistant.

Testing
Dataset

Data Training
Dataset

Algorithm Evaluation Model

Prediction

Production
Data

1a 2a

3c

3a 3b

2b1b

4 5

IEEE 123 bus test grid. The diagram shows the distribution 
of power flows through the grid to consumers. 
“Eavesdropping” on the power grid can provide data on 
power loads to the different nodes, which a would-be 
cyber intruder can then analyze to determine how and 
when to manipulate the power loads through the botnet.

Pairwise relationships in a dataset 
used by one team to predict solar 

irradiance in an unspecified PV 
location. Solar irradiance (Glo Mod) 

is the predictant, whereas Extra-
Terrestrial Radiance (ETR), Total 

Cloud Cover (TotCC), Precipitable 
Water (Precip Wat), and Atmospheric 

Optical Depth (AOD) are predictors of 
solar irradiance in this problem.
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The goal of the Eversource Energy Center’s 
flood vulnerability project is to provide real-
time forecasts of inundations at Eversource 
substations in Connecticut up to 36 
hours in advance of incoming storms by 
integrating existing weather forecast data 
and hydrological and hydraulic models. The 
most recent phase of the project has fulfilled 
the previous plan of implementing a real-
time forecast system based on the modeling 
framework, developed in the first two phases, 
that is used to estimate long-term risk based 
on past extreme weather events or long-term 
weather records.

To predict flood inundation, we need to use 
as inputs forecasts of upstream river flow 
and coastal storm surge water levels. The 
forecasts of river flow are generated by our 
distributed hydrological model and the storm 
surge water levels by spatially interpolating 
forecasts of storm surge by the National 
Oceanic and Atmospheric Administration 
(NOAA). Our system uses these inputs to 
run a hydraulic model at ultrafine resolution 
(1m) to generate the final predicted flood 
maps, including flood extent and depth. The 
system issues real-time forecasts at midnight 
and noon every day and updates the results 
on a webpage maintained by the Eversource 
Energy Center. 

This is the first system that forecasts 
ultrafine-resolution inundation maps in real 
time for critical substations in the state of 
Connecticut. The capability it provides will 
help Eversource take measures to protect 
these substations before flooding happens.

Inundation Prediction to Protect Substations

River flow and storm surge forecast, showing river flow (left) and coastal water level (right) 
compromised by surge and tide at one coastal substation.

Inundation forecast for Hurricane Irene, as visualized on the 
website of the CREST-SVAS and HEC-RAS forecast systems. 
The figures indicate inundation extent (a) and the time series 
of water depth at one substation (b).

(a)

(b)
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The average American family uses 320 gallons 
of water a day. About 30 percent is devoted to 
outdoor uses, and more than half of that goes 
to watering lawns and gardens. Nationwide, 
landscape irrigation is estimated to account 
for nearly one-third of all residential water use, 
totaling almost 9 billion gallons a day, with an 
associated burden on energy producers. 

The high demand from excessive watering 
of turf during the summer months has made 
Connecticut and other regions vulnerable 
to water shortages, requiring providers to 
impose mandatory restrictions on the practice. 
To help meet this challenge, a UConn team 
is developing a decision support system for 
irrigation management that will make it easier for 
customers to participate in incentive programs 
for managing water and energy demand. Our 

Water Conservation through Decision Support

specific focus is on variable rate irrigation, using 
a series of databases that include information 
on remote sensing imagery, observed and 
predicted weather, and local turf characteristics 
to determine where and when watering is—or is 
not—needed.

The Eversource Energy Center’s Decision 
Support System for Variable Rate Irrigation 
(DSS-VRI) provides a way for the turf to 
tell people when it needs water. Through 
the automated, near-real-time integration 
of observations from satellite and weather 
forecasts, the system generates data and 
information in formats that are convenient 
for customers, water managers, and others to 
use. Combined with water consumption data, 
the results can provide a basis for predicting 
weekly turf water requirements over large areas 
to identify customers whose high water use 
makes them good candidates for conservation.

For some customers who use a lot of water 
to irrigate turf, reducing a single day of their 
usage levels can have a significant impact on 
system demand. The DSS-VRI would reduce the 
total volume of water used during the summer 

The DSS-VRI in schematic form. The diagram shows the interplay among 
different datasets and processes in the model.

Turf water requirements depend on the state of the 
grass (canopy properties) and the weather (potential 
evapotranspiration). The UConn researchers developed 
relationships between turf water use and canopy 
properties for six cities in Connecticut (a). They used 
LiDAR data to map the turf extent for each city at very 
high detail (b). Using Sentinel 2 images (c), they also 
developed relationships between canopy cover and 
vegetation indices (d). These relationships, together with 
weather data, enabled the estimation from the satellite 
data of actual evapotranspiration, and then the prediction 
of weekly turf water requirements over large areas based 
on weather forecasts (e). 

NOTE: The examples in panels (c) to (e) refer to the city 
of Darien, Connecticut. Panels (c) and (d) are based on a 
cloud-free composite Sentinel 2 image from the weeks of 
June 20, 2019, to July 9, 2019, while (e) shows a weather 
forecast based on forecasts issued by the National Oceanic 
and Atmospheric Administration (NOAA) on July 9, 2019.

Percentages of customer properties whose water consumption estimates are 
close to actual turf needs, plus or minus 20 percent (“Target”), whose usage 
is excessive (“Surplus”), and whose usage is insufficient for the turf needs 
“Deficit” for irrigation schedules of one, two, three, or five days per week. 
Data are shown per week, from April 30, 2019, to October 1, 2019 (labels on 
x-axis show starting and ending days of the week in mmddyy).
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by about 8 percent for 
the six Connecticut 
cities included in the 
study. Households, on 
average, could reduce 
their summer water use 
by 20 to 40 percent, or 
nearly 10,000 gallons 
annually, providing a 
significant savings of 
both water and energy 
for Connecticut and any 
other regions that adopt 
the system. 

Commercial

Industrial

Public authority/
Government

Residential (multi)

Residential (single)

Water-saving prediction as 
a result of the DSS-VRI. The 
graph indicates the median 
estimated reduction in 
summer outdoor water use 
per class of customer by 
turf extent. Savings vary by 
class of customer and turf 
extent within each property. 
Overall, the proposed 
method would reduce the 
total summer water volume 
of the six cities by about 8 
percent.

n the rural regions of Ethiopia, 
where agriculture is the main 
driver of the economy, long 
periods of drought can have 
severe food security and 
economic consequences. 

A collaboration of undergraduate and 
graduate students from various engineering 
disciplines and social sciences at the 
University of Connecticut sought to address 
this problem by designing a microgrid for 
rural Ethiopia, employing renewable energy 
sources (solar and hydropower) and taking 
into consideration the social needs of local 
farming communities that reside in the 
country’s smallest administrative units, or 
kebele. 

The project focused specifically on the Kudmi 
kebele, where irrigation water originates 
at a nearby artificial reservoir on the Koga 
River and is carried by an irrigation canal 
system to local farming sites. By estimating 
Kudmi’s electricity demand and irrigation 
water needs, the research team was able to 
simulate a groundwater pumping schedule to 
supplement reservoir irrigation for a variety 
of crops cultivated by local farmers, such as 
wheat, maize, potatoes, cabbage, tomatoes, 
peppers, and avocados. The HOMER (Hybrid 
Optimization of Multiple Energy Resources) 
software was then used to simulate the 
distributed energy resources and create a 
realistic energy demand plan for four different 
usage scenarios. 
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Renewable Energy Microgrid Design for Rural Ethiopia

Meanwhile, in a parallel interdisciplinary 
investigation, the sociology team conducted 
fieldwork interviews to assess the social 
needs of local communities, as well as the 
potential impact of the microgrid on them. 
Conversations with district energy and water 
experts, agricultural administration officials, 
and local farmers provided information 
about the most frequently used appliances 
and cooking schedules for the average 
household. They found that many local 
people hold positive attitudes toward the 
microgrid implementation and welcome 
the social benefits it would provide, such as 
better lighting, access to information, and job 
opportunities. 

Overall, the study examined the sustainability 
of the microgrid as an energy source that 
supports farming activities by providing power 
for irrigation groundwater pumping, with the 
excess generated energy made available for 
community needs, such as heating, lighting, 
and cooking. In addition to enhancing food 
and health security, the system has the 
potential to improve the general quality of 
life in rural Ethiopia. Upon installation of 
such a microgrid, future studies may focus 
on the social dynamics and resulting new 
habits of local people, in order to optimize its 
performance and tailor its service to specific 
community needs. 

A paper on the project been accepted for 
publication in the July 2021 issue of the  
peer-reviewed journal, Sustainability.
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Patents

Anagnostou, E. N., D. Wanik,  
B. Hartman, and J. He: Systems and 
Methods for Outage Prediction, U.S. 
Application No. 16/317,354.

Shen, X., E. N. Anagnostou, and  
Q. Yang: System and Methods to 
Produce High Resolution Flood  
Maps in Near Real Time.  
Provisional U.S. Patent.
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