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UTSC: Department of Physical and Environmental Science 
 

ESTD19 - ASSIGNMENT 3 
 Climate Risk Assessment of Public Infrastructure Projects in the 

City of Metropolis 
DUE (November 29th, 2019)  

 
Course Director 
   Dr. Q. Chiotti (Quentin.Chiotti@Metrolinx.com) 
 
Course Lecturer   

Dr. J. I. MacLellan        
Phone:  416 208 2661   
Office: ESCB446 

   Email:   jim.maclellan@utoronto.ca  
Office Hours Wednesdays 11:00am to 12:00pm or by appointment. 

 

INTRODUCTION: Context 

Under the new Federal/Provincial/Territorial/Municipal Climate Resilient Public Infrastructure 

Investment Program, municipalities are eligible to apply for funding to higher orders of 

government to support public infrastructure projects. This program applies to projects that are 

aimed at enhancing the climate resiliency of existing infrastructure, as well as the design and 

construction of new infrastructure. The total program has $30 Billion in its budget to allocate 

over the next 10 years. New capital projects costing $10 million or more are eligible for funding, 

with a $3 Billion maximum. Funding will be shared between Federal, Provincial/Territorial, and 

Municipal governments on an equal 1/3 -1/3-1/3 basis.  

The National Federation of Municipalities has endorsed this program, and the City Council from 

the City of Metropolis is eager to tap into Federal and Provincial funding to support much 

needed infrastructure improvements. The Provincial Governor is also onside, but only if the 

infrastructure projects are cost effective and provides an acceptable level of climate protection 

over the life of the asset.  

The City of Metropolis has been adversely impacted by extreme weather events in the past, and 

some key infrastructure assets are in need of repair and even replacement. It is also an area 

where climate change is projected to be significant with corresponding implications for social, 

economic and eco-systems, as soon as 2050 if not before. In response to this funding 

opportunity, the Mayor of Metropolis has instructed the City Manager’s Office to review 

infrastructure proposals currently on file and recommend which projects should be considered 
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by City Council for submission to the Climate Resilient Public Infrastructure Investment Program 

in the New Year (March, 2020). The City’s Environment and Planning Department has been 

tasked to present recommendations for one or two key infrastructure projects to Metropolis 

City Council at their next budget meeting in December, 2019. 

 

ASSIGNMENT TASK: Approach and methods 

As the subject matter expert on climate resiliency employed by the City of Metropolis, you have 

been tasked by the City Manager and the Director of the Environment and Planning Office to 

provide a report outlining your infrastructure recommendations.  A previously prepared report 

(Appendix A) developed by your team to help build the case for climate resiliency, can be used 

as a background document\template.   

As there is no universal criterion for making good climate-related decisions, and essentially no 

“right” or “wrong” answers, you have decided that a “team” approach is needed that follows an 

open and transparent process that invites a wide range of expertise and views.  Furthermore, 

based on an extensive literature scan, you have decided that two sources of information would 

be helpful in guiding the report, and informing the recommendations. One is the standard 

Climate risk assessment process, and the other is a hierarchy of simple, complicated and 

complex risks and how these shape and inform decision making as outlined in the IPCC AR5.  

Climate risk assessment is a decision support tool, based on ISO 31000 and adopted in ICLEI’s 

BARc tool and Engineers Canada’s PIEVC Protocol. The 5-step approach to climate proofing 

(becoming more climate resilient) can be applied to different spatial scales, from the national, 

to regional, municipal,  networks and systems, and individual infrastructure assets (Figure 1). 

When done correctly, the steps outline a process to engage internal and external experts, 

undertake a credible and transparent risk assessment, identify and select appropriate 

adaptation measures, outline an implementation strategy and plan, and build upon existing 

methods to monitor and report on progress. For each step, key questions that can guide the 

risk management process are provided. 
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Figure 1: Climate Risk Management Process 

 

Source: adapted from Asian Development Bank (2011) 

 https://www.adb.org/sites/default/files/institutional-document/32772/files/guidelines-climate-

proofing-roads.pdf  

 

STEPS 

1. Screening and scoping: guiding questions 

• How is the proposed project (elements or systems of interest) vulnerable to the impacts 

of current and potential extreme climate events over its life span? What are the climate 

parameters of most interest to the project? Is sufficient information available to 

undertake an assessment? Who are the main stakeholders? Which role do ecosystems 

play for adaptation to climate change? 

2. Risk assessment: guiding questions 

 What are the current and historical trends in climate? How is climate projected to 

change in the future and in what ways? How will this affect infrastructure/human/eco-

systems of interest? What are the root causes for projected impacts (sensitivity, 

adaptive capacity, exposure)? What reasonable assumption (quantitative and 

qualitative) can be made about climate change, its impacts and risk? 
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3. Selection of adaptation measures: guiding questions 

 What adaptation solutions are technically feasible to address the projected climate 

vulnerabilities? What are the costs and benefits of these options? What are the 

preferred options in the context of the project? 

 

4. Implementation: guiding questions 

 How to integrate the adaptation solutions into the project design? Who has the capacity 

to implement the selected adaption option(s)? Are there additional key stakeholders 

that need to be brought into the project? Is there a need for additional capacity building 

or research? 

 

5. Monitoring and reporting: guiding questions 

 How can progress towards vulnerability reduction be measured? How can monitoring be 

used for learning? How will lessons be collected, assimilated, and used to improve 

future road/transit investment and energy generation/transmission projects? Which 

existing monitoring systems can be built on? Which reporting needs should be 

addressed? 

 

While the risk management process is a powerful process to assess climate risk, decision 

making can be challenging as understanding interactions between climate change (and extreme 

weather), systems and assets being impacted, and identifying appropriate adaptation 

responses can be a daunting task. Interactions and causal relationships can be simple and 

linear, they can involve multiple elements and appear complicated, and in some cases the risks 

can be complex where the decision-making process demands greater attention and methods of 

analysis. 
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Figure 2: Hierarchy of simple, complicated, and complex risks, showing how perceived risks 

multiply and become less connected with calculated risk with increasing complexity.  Source: 

Figure 2.2, IPCC WGII AR5, Part A: Global and Sectoral Aspects, p. 202 

 

  

https://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap2_FINAL.pdf
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THE EXERCISE 

As the first stage in the development of a proposal, you and your team have decided to tackle 

work that supports Steps 1-3 in Figure 1i.  Drawing upon the background material, provide 

answers to the following questions:  

Step 1: Screening and scopingii 

A. Identify the objective(s) of your project. 

B. What are the infrastructure assets of interest? Identify all of their components and key 

subcomponents of interest. 

C. What are the historic, current, and projected climate parameters of interest and concern? What 

previous extreme weather events are relevant to this assessment and why? 

D. What are the critical load thresholds of selected infrastructure components and operational 

processes that cause undesired consequences when being exceeded? 

E. What are the lifecycles or design life of your key infrastructure assets or their components? 

F. Identify and explain which ecosystems should be considered, that interact with the project(s)? 

G. What internal stakeholders need to be engaged (e.g. internal experts, drawn from operations, asset 

management, finance, and communications)? 

H. What external stakeholders need to be engaged (e.g. Government representatives, non-

governmental organizations, sectoral trade associations, climate services organizations or companies, 

Conservation authorities, community based groups, media, etc.)? 

I. Summarize your key points in the table belowiii: 

Table 1: Scoping summary 

Asset/System of 

interest 

Infrastructure 

components 

and design 

loads 

Past extreme 

weather 

events 

Climate 

parameters 

Stakeholder 

Groups 

Ecosystems of 

interest 

Transportation…      

Energy…      
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Step 2: Risk Assessment 

A. What are the probabilities of occurrence of the climate-related hazards for current climate 

conditions? How are these projected to change, under the RCP4.5, and RCP 8.5? 

B. What are the consequences of climate-related impacts on the infrastructure asset 

components or operational processes? Are these critical? 

C. Identify possible cumulative effects where climate-related impacts can have cascading 

consequences? 

D. What groups, sectors or areas of the City of Metropolis and the Karibu River Watershed are 

vulnerable to climate change impacts and should be highlighted as areas of concern? 

E. What are the consequences and secondary impacts on the surrounding community? What 

groups or sectors could be adversely affected and severely impacted? 

F. Summarize your key points in the table below: 

 

Table 2: High-level identification of climate hazards and climate-related impacts 

Asset/System/Components Hazards Potential impacts Secondary impacts 

and cumulative 

effects 

Transportation…    

Energy…    

 

The following tables might help trigger some ideas in formulating your answers. 

Table 3: Climate-related impacts in transportation infrastructure 

Transport Hazards Potential impacts 

Road Increased/more intense 
precipitation 
Wetter winters and drier 
summers 
Higher temperatures 
Increased sea level 
Wildfires 

Increased scour of bridges 
Increased instability of embankments 
Damage to road surfaces and foundations 
Flooding of roads 
Damage to bridges and tunnels 
Traffic accidents 
Increased pollution levels 

Rail Increased/more intense 
precipitation 
Wetter winters and drier 

Flooding of rail lines, increased risk to train 
traffic 
Increased scour of bridges 
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summers 
Higher temperatures 
Increased sea level 
Wildfires 

Increased instability of embankments 
Increased rail buckling 

Ports Sea level rise 
Increased storminess 
Higher winds 

Flooding of equipment 
Disruption to operations 
Safety issues for navigation 

Airports Increased/more intense 
precipitation 
Higher temperatures 

Flooding of runaway 
Disruption to operations 
Increased risk during landing and taking off 
Lift of aircraft reduced (affecting fuel use and 
take-off slots) 

 

Table 4: Climate-related impacts in energy infrastructure 

Energy Hazards Potential impacts 

Fossil fuel and 
nuclear generation 

Increased rainfall intensity 
Sea level rise  
Shoreline erosion 
Higher temperatures 
Reduced summer rainfall 

Flooding of fossil fuel and nuclear power plants, 
decommissioned nuclear sites and nuclear 
waste reprocessing and storage facilities 
Reduced efficiency 
Reduced available water for cooling 

Renewable wind 
energy 

Increased rainfall intensity  
Reduced wind 

Reduced efficiency 
Increased storm damage 

Electricity 
transmission and 
distribution 

Higher temperatures 
Increased/more intense 
precipitation 
Surface water, tidal and 
fluvial flooding 
High winds 
Ground subsidence 

Overheating of transmission lines 
Reduced capacity of network 
Flood risk to substations 
Damage to overhead power lines and ancillary 
infrastructure 
Reduced stability of foundations and tower 
structures 

Fuel processing and 
storage 

Sea level rise 
Storm surges 

Flood risk to fuel storage, transporting and 
processing facilities 

 

Step 3: Adaptation measures 
 

A. Based on a high-level risk assessment, where should the team focus on adaptation needs? 

B. At a high level, how would you describe the likely implications of the following adaptation options 

and\or measures: 

a) retreat from high-risk areas 

b) hardening of infrastructure 

c) greening of infrastructure 
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d) changes in operations and maintenance 

e) additional risk insurance 

f) emergency response  

f) communications 

g) other 
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Assignment 3: Appendix A 

 

 

Background Report: 

 

Setting the Scene for the Climate Risk 

Assessment of the Millennium Bridge, the 

Karibu Power Plant and Transmission 

System, and the City of Metropolis 
 

 

 

 

Source:  adapted from Annex 1, Hodick, B., Becher, M, Schlonvoigt, A. and B. Heine (2019) Enhancing 

Climate Services for Infrastructure Investments (CSI), Trainer Handbook (Eschborn, Germany: Deutsche 

Gesellschaft fur, Internationale Zusammenarbeit (GIZ) GmbH), Draft. NOT FOR CIRCULATION.
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1. Case study setting – The Karibu River Watershed and the city of 
Metropolis 

1.1. Environment 

The Karibu River Watershed lies in the Eastern Province of South Country. The Northern parts of 

the catchment are characterized by the high Upper Mountains, gently sloping south. The Upper 

Mountains have been classified an Area of Extraordinary Beauty and they are a renowned 

destination for ambitious hikers and climbers in summer. However, in the past years much of the 

forests had been degraded due to rapid urbanization and uncontrolled land-use changes, 

including conversion to productive agricultural land. Glaciers that feed the rivers have also been 

retreating, more rapidly in recent years. The snowpack accumulation during the winter season 

can have a significant impact on river flows during the spring freshette and thaw. Sudden 

convection rainfall events in late spring and early summer have also been known to cause 

extensive flooding, especially if they combine with melting from glaciers and snowpack. 

Currently, a new dam to provide hydropower is being built at the river midstream, to supplement 

power that is provided by an aging Nuclear Power plant, just upstream. One tributary adds its 

waters before Karibu River reaches the major bridge connecting both parts of the city accessible 

for vehicles. Ferry service provides an alternative route across the Karibu River. Electricity is 

supplied by one main transmission line serves the city core first, including the region’s hospital, 

with power lines crossing the Karibu River slightly upstream from the Millennium Bridge to serve 

the city’s western suburb. 

1.2. The city of Metropolis 

Metropolis has about 6 Million inhabitants. It is a mega city in the Eastern Province, and an area 

of major importance for economic activity and social life throughout the country. Metropolis is 

equipped with residential and commercial/industrial areas, green spaces for recreation, 

hospitals, schools and universities, as well as vast shopping facilities covering all needs. Thereby, 

the city is of major importance for the surrounding region, especially the smaller villages and 

dwellings who benefit from the services and facilities offered by the city. There is also extensive 

agriculture nearby, with many productive farms providing a reliable local food supply to the 

residents of Metropolis. With a harbor and a waterfront along the Ocean, the city functions as a 

key gateway for the trade of goods and commodities within the region. The main port also 

functions to receive Cruise ships during the summer. The road leading across the bridge is of 

crucial importance for traffic, transport and overall mobility, with Ferry service playing a 

secondary and supporting role. The city is also an energy center for the region, with the existing 

Nuclear Power plant and the hydro plant under construction having the combined capacity to 

provide electricity to a growing population and economy to at least 2050, assuming a costly 

refurbishment of the main existing facility and associated transmission infrastructure. 
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2. Infrastructures in Focus: The Millennium Bridge and the Karibu 
Electricity System 

2.1. The Millennium Bridge 

The Millennium Bridge has been rebuilt, after the last bridge was severely damaged during a so-

called centennial flood in 1998 and had to be taken down due to safety reasons. During that 

event, people and authorities noticed that early-warning and contingency plans were not 

functioning properly, leading to severe human and economic losses. 

Outline of socio-economic consequences due to the bridge failure 

The socio-economic impacts of this event were severe, beyond the costs of the new bridge. During 

the reconstruction phase, the river crossing of people and smaller vehicles was provided by a ferry 

service, but larger vehicles had to do a long detour of approx. 80 km to a larger ferry further north, 

eventually leading to losses for fresh or frozen products. Commuting pupils and students from the 

Western banks had to leave their school buses at one side of the river, take the ferry and then climb 

on the next bus at the other side. The education statistics show a decrease in the final exam grades of 

commuting pupils. The health statistics of this time show a significant increase in pulmonary diseases 

among schoolchildren, especially in elementary school. Medical services had to operate by helicopter 

if there was an emergency case at the Western banks of Karibu River. Longer travel times of every day 

commuters from their apartments on the one side of the river to their offices on the other side of the 

river has caused reduced performance of companies limiting their annual turnover. The intra-regional 

as well as the inter-regional trade suffered from additional costs for transport as well as from a loss of 

customers and goods due to vast delays in service delivery. In the second year of reconstruction, the 

local traditional market, as well as several restaurants at the river banks that represent important 

tourism places, had to be closed as the expected number of tourists had dramatically fallen the year 

before causing a dramatic decrease of number of overnight stays and has only recovered since a few 

years. Buses have traditionally used the Millennium Bridge to cross the Karibu River, and since 2010 a 

LRT route has operated as well. Transit stations are located on both banks and act as significant 

mobility hubs. Transit ridership has been increasing steadily over the past decade, and is projected to 

double by 2025 as additional service is added. 

 

The new bridge spanning Karibu River that was built after the disastrous flood in 1998 was 

opened in 2000, thus dubbed the Millennium Bridge. Financing the new bridge was shared by the 

city administration of Metropolis and the Eastern Province. The bridge was built in adherence to 

the existing building codes. In 2001, it was nominated for the prize “Innovative infrastructure of 

the year” by the National Engineering Society of South State. The technical details include (bridge 

components illustration courtesy of Alberta Transportation): 
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Engineering specifies of the bridge 

 Infrastructure components Design loads 

Road surface  

(asphalt cement pavement) 

Design temperatures: Superpave Performance Grading (PG) 64-22 

(highest temperature of asphalt of 64 deg. C) 

Design life= 15 years 

Bridge deck Carbon fiber reinforced concrete; design life 75 years 

Drainage system designed to the historical 50-year storm 

Guard rails and signage 

Expansion joints  Designed for 30˚C 

Piers and abutments  Designed to resist scouring of historical 100-year flow (equivalent to 

4,000 m3/s) 

Clearance of bridge deck 

above high-water level  

Designed for historical 100-year flood (for a design flood of 6.5m 

above sea level = +4.5m above average) caused by downstream flows 
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The Millennium Bridge is managed by the Metropolis City Infrastructure Authority in cooperation 

with the Province’s Road Maintenance Department. The bridge will be examined concerning 

functionality and maintenance in a thorough check-up in 2020. In this process, possible repairs 

or refurbishments can be programmed by taking into account climate change risks. 

2.2 Karibu Power Plants and Ancillary Infrastructure 

The Karibu Power plant was constructed in the 1970s and experienced power disruptions caused 

by extreme weather events, including flood damage to the Transmission Substation in 1998. In 

addition to flooding, the region has experienced several severe wind storms, four prolonged heat 

waves and droughts during the past decade, and its first recorded tornado (F1) last year. The new 

Hydro dam will add generation capacity but provide limited benefit for flood control during 

extreme precipitation events. Transmission Towers are under construction that will provide the 

suburbs along the Western Banks of the Karibu River with a redundant power supply from the 

new Hydro dam.  

Outline of socio-economic consequences due to power disruptions 

The socio-economic impacts caused by extreme weather events have been variable. Lower water levels 

during periods of drought have coincided with water temperatures over 5˚C warmer than normal. This 

loss of cooling efficiency above 29˚C has resulted in a 5% reduction in electricity generation for every 1 

degree increase in temperature, at a time when hotter (air) temperatures have increased the demand 

for air conditioning. Increased water flows and embankment erosion has accompanied two flood 

events, in 1998 during the centennial flood and a comparable flood in 2013. The centennial flood 

caused damage to a Transmission Substation, and wiped out the Utility Poles that cross the Karibu River, 

knocking out power to the Western Banks. As a result of climate proofing of the Transmission 

Substation and Utility Poles there was limited damage to this ancillary infrastructure during the flood 

of 2013, but may not hold up to larger storms. Further, a F1 tornado last year knocked down Power 

Lines resulting in a widespread blackout across Metropolis, including making the LRT route inoperative. 

Power lines were replaced to the existing design standard. Fortunately the Hospital had installed a back-

up power generator after the centennial flood that allowed the facility to provide limited health services 

for 48 hours. There are expectations however that the Hospital must be able to function normally 

during extended power outages in the future. There are no plans to provide backup power to the LRT 

route. 

 

Engineering specificities of the Energy system 

 Components Design loads 

Generating station Design life= 50 years  

Design temperatures for water cooling max. 29 deg. C 
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Sustained flood protection against 60 mm in 2h rainfall and 3,000 

m3/s river discharge in the basin 

Step-up transformers Sustained flood protection against 60 mm in 2h rainfall and 3,000 

m3/s river discharge in the basin  

Transmission lines & towers  Designed for wind speeds max.  90 km/hr 

Deign life = 60 years 

Step down transformer  Sustained flood protection against 66 mm in 2h rainfall and 3,000 

m3/s river discharge in the basin  

Sub-transmission to customer  Sustained flood protection against 60 mm in 2h rain and 3000 m3 

river discharge in the basin  

 

 

 

The Karibu Power Plants and Transmission System is managed by the Metropolis Hydro Utility 

Authority in cooperation with the Province’s Ministry of Energy. The electricity Distribution 

system is operated and maintained entirely by the local hydro authority. The integrity and 

resiliency of the Transmission and Distribution System will be examined on a regular basis, while 

the Power plant is scheduled for a major refurbishment after the Hydro Dam is up and running. 

More renewables from solar and wind may also be incorporated into the energy system in the 

future. Enhancement of the existing Transmission and Distribution system is planned over time, 

dependent upon the availability of funds.  
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3. Climate Information 

3.1. Current climate and hydrology  

The following graph shows the current climate conditions in the catchment on a monthly basis 

for precipitation and on a daily basis for temperature.  

The recent climate for Metropolis, South State & the Karibu River Hydrology 

 

 

Month 

Average Monthly 

Precipitation 

[mm] 

Average Daily 

Temperature  

[° C] 

 

The Karibu’s River flow is determined by the 

precipitation patterns in the catchment - in 

normal years: rainfall is fairly evenly 

distributed, with more snow than rain falling as 

precipitation during the winter. However, 

during warm winters more precipitation has 

been falling as rain, rather than as snow. During 

the summer months there has been a shift 

towards more intense convection storm events, 

along with prolonged periods of drought.  

The normal level of the river is at 2m (measure 

point: +1.5m above sea level), with a mean 

annual discharge pf 250m3/s. The highest 

recorded water level was 8.43m, the highest 

recorded discharge 4,500m3/s (1998).  

Besides the natural pastures at the Eastern & 

Western Bank there are no flood 

control/defence mechanisms in place. Intensive 

agriculture may actually exacerbate run-off into 

the Karibu River watershed, increasing riverine 

flood risk towards the mouth of the river, and 

extending inland to the Millennium Bridge and 

beyond. Increased agricultural run-off is also 

leading to lower water quality conditions, and 

contributing increasing amounts of silt in the 

bay. As a result there is growing concern over 

decreasing draught at the Port, for both cargo 

and passenger vessels. 

 

Jan 95 1 

Feb 80 2 

Mar 110 6 

Apr 145 12 

May 120 17 

Jun 120 23 

Jul 145 26 

Aug 110 24 

Sep 90 20 

Oct 100 14 

Nov 110 8 

Dec 105 3 

Annual 

mean 
1330 mm 13.0°C 

(Mean climate normal parameters 1981-2010) 
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3.2. Recent observed changes in climate and hydrology 

The observed changes in annual mean temperature are +1.0°C since 1970. The lower parts of the 

Karibu River catchment regularly experience high water levels from April through May, due to 

the spring freshette. Overall, the frequency of strong rainfall events has increased. Although, the 

average amount of annual rainfall is largely unchanged, especially during El-Niño years, more 

precipitation in the rainy season (more rainfall and torrential rains) has been experienced in the 

past decade. The bridge had been partly damaged by flooding in the past, however, the last 

severe damage before the one leading to the reconstruction in 1998 had been before the 

beginning of the 20th century (had to be looked up at the town’s archives). Thus, the flood in 1998 

was called a centennial flood. However, the frequency of such disruptive high water levels 

appears to be increasing and a severe flood – similar to the one in 1998 – has reoccurred once 

since.  

A relatively new feature are random thunderstorms accompanied by strong rains in the northern 

part of the watershed, where steep, bare rock slopes are common, leading to extraordinary high 

water levels, and eventually causing flooding of the cities original flood plain, that is now 

urbanized. This includes embankment erosion near the Nuclear Plant that has been increasing. 

The river basin where Metropolis is located is also slowly subsiding, which acts to amplify the 

effects of sea level rise and storm surges.  

The other extremes experienced in recent years have mainly occurred during La-Niña, where 

precipitation has decreased accompanied by drought conditions and heat waves, as well as 

higher water temperatures about 5˚C warmer than normal. 
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3.3. Climate projections in the Karibu River Watershed, based on 
RCP4.5 

Projections are to 2050 unless otherwise stated  

Climate Variable Probability of impact thresholds being exceeded 

Temperature  Annual mean temperature rising by 2-3°C in the Upper Mountains and 1-3°C 

in the river valley by the 2050s (compared to the 1970 to 2000 average). 

 Increase in heat waves in summer and during La-Nina years with 

o Likely occurrence of temperatures exceeding 35˚C in three 

consecutive days. 

o Likely occurrence of temperature exceeding 40˚C in five consecutive 

days leading to asphalt temperatures exceeding 64°C. 

 Warmer winters projected  

o About as likely as not occurrence of extremely cold temperatures <-

20˚C. 

o Freeze/thaw cycles currently occur about 75 days/year.  

o Changes in freeze/thaw cycles about as likely as not.  

Precipitation  Slight increase in mean annual precipitation by the 2050s (>5% compared to 

the 1970 to 2000 average), and higher by the 2080 (>15%). 

 More intense precipitation in the late spring thru summer season and more 

intense El-Nino related rains. 

 Overall slightly higher precipitation increase in the spring and summer than 

the fall and winter. 

 Precipitation focused on shorter periods, with prolonged periods of drought. 

 Likely increase in thunderstorms with high intensity rainfall events in 

summer (short and heavy rains with up to 100 mm/2 h). 

 Likely increase in freezing rain events, where ice accretion along the LRT 

overhead catenary system and the municipal electricity Transmission lines 

could exceed design standards of 12.5 mm. 

Wind and storms  Likely Increase in thunderstorms with increased average and top wind speed 

with sustained winds >90 km/hr and high wind gusts >120 km/hr. 

 About as likely or not increase in the frequency of Tornadoes. 

 About as likely or not increase in the frequency and/or intensity of Typhoons. 

Surface hydrology  More variable river flows likely. 

 Likely more frequent floods exceeding discharge of 4.300m3/s and exceeding 

6.5m water level above sea level. 

 Longer periods without significant precipitation (dry spell). 

 Lower late summer river flows. 
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 Very likely occurrence of variable water temperatures above 29 deg C. in the 

Karibu River. 

 About as likely as not increase in the erosion of sloping land and reservoir 

catchments. 

 Likely larger sediment loads occurring in the lower Karibu River. 

Sea-level  Very likely sea-level increases of 30-50 cm by the year 2050. 

 Storm surges are likely to occur and are expected to have severe impacts 

inland, depending upon elevation. 

 

3.4. Climate projections in the Karibu River Watershed, based on 
RCP8.5 

Projections are to 2050 unless otherwise stated  

Climate Variable Probability of impact thresholds being exceeded 

Temperature  Annual mean temperature rising by 3-4°C in the Upper Mountains and 2-4°C 

in the river valley by the 2050s (compared to the 1970 to 2000 average). 

 Increase in heat waves in summer and during La-Nina years with 

o Very likely occurrence of temperatures exceeding 35˚C in three 

consecutive days. 

o Very likely occurrence of temperature exceeding 40˚C in five 

consecutive days leading to asphalt temperatures exceeding 64°C. 

 Warmer winters projected  

o Unlikely occurrence of extremely cold temperatures <-20˚C. 

o Freeze/thaw cycles currently occur about 75 days/year.  

o Changes in freeze/thaw cycles likely to increase by the 2050s, and 

unlikely to increase by the 2080s.  

Precipitation  Slight increase in mean annual precipitation by the 2050s (15% compared to 

the 1970 to 2000 average), and higher by the 2080 (>25%). 

 More intense precipitation in the late spring thru summer season and more 

intense El-Nino related rains. 

 Overall higher precipitation increase in the spring and summer than the fall 

and winter. 

 Precipitation focused on shorter periods, with prolonged periods of drought. 

 Virtually certain increase in thunderstorms with high intensity rainfall events 

in summer (short and heavy rains with up to 100 mm/2 h). 

 Very likely increase in freezing rain events, where ice accretion along the LRT 

overhead catenary system and the municipal electricity Transmission lines 

could exceed design standards of 12.5 mm. 
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Wind and storms  Very likely Increase in thunderstorms with increased average and top wind 

speed with sustained winds >90 km/hr and high wind gusts >120 km/hr. 

 Likely increase in the frequency of Tornadoes. 

 Likely increase in the frequency and/or intensity of Typhoons. 

Surface hydrology  More variable river flows very likely. 

 Very likely more frequent floods exceeding discharge of 4.300m3/s and 

exceeding 6.5m water level above sea level. 

 Longer periods without significant precipitation (dry spell). 

 Lower late summer river flows. 

 Virtually certain occurrence of variable water temperatures above 29 deg C. 

in the Karibu River. 

 Likely increase in the erosion of sloping land and reservoir catchments. 

 Very likely larger sediment loads occurring in the lower Karibu River. 

Sea-level  Very likely sea-level increases of 40-70 cm by the year 2050. 

 Storm surges are very likely to occur and are expected to have severe impacts 

inland, depending upon elevation. 

 

Appendix B: IPCC Likelihood Scale 

Term Likelihood of the Outcome 

Virtually Certain 99-100% probability 

Very Likely 90-100% probability 

Likely 66-100% probability 

About as likely as not 33 to 66% probability 

Unlikely 0-33% probability 

Very unlikely 0-10% probability 

Exceptionally unlikely 0-1% probability 

 

 

ENDNOTES 

i Sections 1 and 2 represent the bulk of the report and are weighed equally (40 marks) while Section 3 is more 
exploratory (20 marks). 
ii Respond to the following requests in essay format.  Although there is no maximum page restriction (i.e. a limit on 
the maximum number of pages\words in your report), we expect a minimum consideration of the 
questions\requests as outlined.  Essay format in a report style (with Table of Contents etc. and a final 
Discussion\Conclusion section that summarizes your insights) with a word count of at least 2500 words. 
iii This Table is intended to summarize your insights, and is not a replacement for the written portion of the report. 

                                                           


