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The Economics 
of Water 
Utilities:
Economies of 
scale

Economies of  scale

The water utility has annual costs 

of  $100 per year  

Two household 

community

Four household 

community

Cost per 

household: $50

Cost per 

household: $25

bajohnson20@alaska.edu - WIHAH 2016



The Economics 
of Water 
Utilities:
Funding and 
pricing

Capital costs 
(construction 

costs) are 
funded by 
state and 
federal 

agencies

Once the 
utility is built 

the 
community is 
expected to 
cover the 

annual costs 
of  running the 

utility. 

Rates are set 
by dividing the 
annual costs 

by the number 
of  customers. 

If  rates are too 
high, some 

customers will 
be unable to 

pay their bills. 

Utilities cut 
off  non paying 
customers and 

re-calculate 
rates. 

Rates increase. 

Even less 
customers can 

afford the water 
bills and so 

more drop off. 

Rates increase 
again.  

bajohnson20@alaska.edu - WIHAH 2016



The Economics 
of Water 
Utilities
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The Economics 
of Water 
Utilities
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Defining 
Affordability

Affordability: 

 Individual (household level): Whether a low income household is 
able to pay a water bill without giving up other essential goods and 
services 

& 

 Community level: The community is able to cover the utilities annual 
costs. 
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Defining 
Affordability

8

Median Household Income (MHI)  in Fairbanks

According to the DEC definition, water utility rates of  $293 per 

month or less are affordable in Fairbanks. 

$70,408

50% of households in a 

community have income below 

the  MHI

50% of households in a 

community have income 

above the  MHI

The DEC – VSW currently defines a system to be affordable if  utility 

bills represent  less than 5% of  the community’s Median Household 

Income (MHI)
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1. The MHI fails to reflect the cost burden experienced by below median 
income households:Evaluating 

the Current 
Affordability 
Indicator

$70,408

A  monthly rate of $293 

represents 5% of MHI
But if this household 

has an annual 

income of $10,000 

then the $293 

monthly rate 

accounts for 35% of 

the household’s 

income

bajohnson20@alaska.edu - WIHAH 2016



2. The MHI is a static snapshot of  income:

- Rural Alaskan MHI values are collected every 5 years. 

- Evidence suggests that income in this region can vary significantly from  
year to year. 

- Thus if  the data was collected in a year with a higher than usual number 
of  cash paying jobs the MHI figure would overestimate the community’s 
income. Conversely if  the data was captured in a bad year, the MHI could 
be underestimated. 

Evaluating 
the Current 
Affordability 
Indicator
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3. It does not account for high costs of  living:

Evaluating 
the Current 
Affordability 
Indicator
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Evaluating 
the Current 
Affordability 
Indicator

4. It does not account for the demographic composition of  a community:

Average 
household size: 
4.40

Age 
dependency 
ratio*: 

87.3%

Kivalina:

Average 
household size: 
3.18

Age 
dependency 
ratio*:

65.8%

Teller:

*Age dependency ratio: number of  people under the age of  18 + people over the age of  65

number of  people between the ages of  18 - 65
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Evaluating 
the Current 
Affordability 
Indicator

5. MHI does not take into account income distribution:

$70,000

$70,000

Annual income per 

household: $10,000

Annual income per 

household: $40,000

Annual income 

per household: 

$70,000

Annual income 

per household: 

$70,000

bajohnson20@alaska.edu - WIHAH 2016



The New 
Affordability 
Indicator

Financial 

Capability 

Indicator

(FCI)

Residential Index (RI)

Low

≤ 2%

Mid-Range

2 % < RI ≤ 5%

High

> 5%

Strong

> 2.5
Low Burden Low Burden Medium Burden

Mid-Range

1.5 < x ≤ 2.5
Low Burden Medium Burden High Burden

Weak

≤ 1.5
Medium Burden High Burden High Burden

Affordability

A
ffo

rd
ab

ility
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The New 
Affordability 
Indicator

 Residential Index (RI) calculated for every income quintile, in particular for 
those below the median values. 

 Low Impact- is an RI of  less than 2% 

 Medium Impact- is an RI between 2% and 5% 

 High Impact-is an RI of  over 5% 

bajohnson20@alaska.edu - WIHAH 2016

20% of  the 

population in 

Fairbanks has an 

income between

$0-and $21,852. 

Income 

Quintile 1 

(IQ1)

IQ2 IQ3 IQ4 IQ5

$21,852 $41,904 $67,215 $107,967

The US Census 

calculates the lowest 

limit of  the top  5% 

of  IQ5. In Fairbanks 

this is $200,460. 



Residential 
Index

IQ1 IQ2 IQ3 IQ4 IQ5

$  67,583 $  75,700 $  93,833 $     114,500 $    127,167

Divide each Income Quintile (IQ) by the annual user fees: $720

Residential Index for each quintile:

720/67,583

= 1.07%
0.95% 0.77% 0.63% 0.57%

Average RI(IQ1-IQ3): 0.93%

Income Quintile: American Community Survey 2014

User Fees: Dec 2015

Residential Index Calculations for Adak

bajohnson20@alaska.edu - WIHAH 2016



The Financial 
Capability Indicator

A Financial Capability Indicator (FCI) that is calculated by assigning values 

from 1 (weak) to 3 (strong) to the following:

Percentage of  households which are Supplemental Nutrition Assistance 

Program (SNAP)  recipients in the community, 

Percentage of  households which receive public assistance, 

Percentage of  households living under the poverty level, 

Percentage of  people over the age of  16 with full time jobs, 

Percentage of  MHI spent on an average electric bill and 

Cross-price elasticity of  demand of  water with respect to electricity 

prices. 
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The Financial 
Capability Indicator

Energy Impact

Energy cost account between 40%-70% of  utility expenditures. Furthermore, 

anecdotal evidence suggest that energy and water are complementary goods. 

This means that they go together  - let’s imagine that right and left shoes 

were sold separately.  In general, consumers would buy a right shoe with 

every left shoe. 
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Thresholds % over the age of  16 

employed full time
≤ 30% 30% < x ≤ 50% >  50%

Affordability value 1 2 3

% households under 

the poverty level
> 20% 10% < x ≤ 20% <  10%

Affordability value 1 2 3

% of  households which 

are SNAP recipients
>20% 10% < x ≤ 20% <11%

Affordability value 1 2 3

% of  households 

receiving public 

assistance

>30% 10% < x ≤ 20% <11%

Affordability value 1 2 3

Electric bill % of  MHI >  5% 2% < x ≤ 5% <2%

Affordability value 1 2 3

Cross Price Elasticity 

of  Water
<-0.66 -0.66% < x ≤ -0.33 > -0.33

Affordability value 1 2 3

% cost to quintile ≤ 2% 2% < x ≤ 5% >  5%

Affordability value Low Burden Medium Burden High Burden
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Results-
Akiachak

Annual Fee RI(MHI) RI(IQ1) RI(IQ2) RI(IQ3) RI(IQ4) RI(IQ5) RI(IQ1-IQ3)

$1,416 4.0% 8.0% 5.0% 4.0% 3.0% 1.0% 6%

FCI indicator Value FCI Value FCI Score

% of  adults with full time employment 16% 1

1.33% household below poverty level 17% 1

% households on SNAP 32% 2

Financial 

Capability 

Index (FCI)

Residential Index (RI)

Low

≤ 2%

Mid-Range

2 % < RI ≤ 5%

High

> 5%

Strong

> 2.5

Mid-Range

1.5 < x ≤ 2.5
IQ1

Weak

≤ 1.5
IQ5 IQ2, IQ3, IQ4
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Shageluk

Annual Fee RI(MHI) RI(IQ1) RI(IQ2) RI(IQ3) RI(IQ4) RI(IQ5)

1200 (A) 7.38% 10.85% 8.89% 4.66% 2.32% 1.36%

FCI indicator Value FCI Value: FCI Score:

% of  adults with full time 

employment
32%

2

1.5

% household below poverty level 59.26% 1

% households on SNAP 40.70% 1

% households on public 

assistance
81%

1

% MHI Electric Bill 17.5% 2

Estimated impact of  E prices on 

H20
-0.36

2

Financial 

Capability 

Index (FCI)

Residential Index (RI)

Low

≤ 2%

Mid-Range

2 % < RI ≤ 5%

High

> 5%

Strong

> 2.5

Mid-Range

1.5 < x ≤ 2.5

Weak

≤ 1.5
IQ5(A) IQ3-IQ4(A) IQ1-IQ2 (A)
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Shageluk

Annual Fee RI(MHI) RI(IQ1) RI(IQ2) RI(IQ3) RI(IQ4) RI(IQ5)

1512 (B) 9.30% 13.67% 11.20% 5.87% 2.93% 1.71%

FCI indicator Value FCI Value: FCI Score:

% of  adults with full time 

employment
32%

2

1.5

% household below poverty level 59.26% 1

% households on SNAP 40.70% 1

% households on public 

assistance
81%

1

% MHI Electric Bill 17.5% 2

Estimated impact of  E prices on 

H20
-0.36

2

Financial 

Capability 

Index (FCI)

Residential Index (RI)

Low

≤ 2%

Mid-Range

2 % < RI ≤ 5%

High

> 5%

Strong

> 2.5

Mid-Range

1.5 < x ≤ 2.5

Weak

≤ 1.5
IQ5(B) IQ4(A,B) IQ1-IQ3 (B)
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Unserved 
Communities

Geography Matrix Score % MHI

Allakaket High 12%

Arctic Village  High 15%

Atmautluak High 6%

Beaver  High 20%

Birch Creek  High 77%

Chalkyitsik  High 7%

Chefornak  High 7%

Circle  High 35%

Crooked Creek  High 10%

Diomede  High 14%

Eagle  High 6%

Kipnuk  High 8%

Kongiganak  High 8%

Koyukuk High 12%

Kwigillingok High 10%

Lime Village  High 30%

Napakiak High 16%

Napaskiak High 13%

Nightmute Medium 3%

Shageluk  High 9%

Stebbins  High 20%

Stevens Village  High 20%

Stony River  High 18%

Takotna  High 6.9%

Teller High 7.1%

Tetlin High 6%

Tuluksak  High 10%

Tuntutuliak  High 8%

Venetie  High 8%

Wales  High 7%
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Unserved 
Communities

Geography Matrix Score % MHI

Alatna High -

Mekoryuk High 4.2%

Nunapitchuk High 3.0%

Platinum  High 2.9%

Tununak  High 3.9%
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Questions?
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Further 
Research

• Thresholds

• Using pre-established thresholds used in the Lower 48

• Investigate affordability thresholds in rural Alaskan communities

• Is a medium burden affordable?

• Price elasticity of  water

• Determine price elasticity of  water in rural Alaskan areas

• Affordability of  other utilities

• Burden on households by other utilities

• Determine if  other utilities are affordable
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Financial 
Capability 
Index

Proportionally calibrated almost ideal demand system (PCAIDS) model

We need:

1. The industry elasticity

2. The elasticity of  demand of  the products

3. The market shares

What we did:

 Industry elasticity : assumed it is equal to 1 (backed by literature)

 Product Elasticity of  Demand

 Electricity elasticity: A previous Ms Econ student calculated the 

elasticity of  demand of  PCE communities

 Water elasticity – used the average of  elasticity of  demand figures 

found in the literature for flat rate systems

 Market shares: Assumed communities only have two utilities (water and 

electricity). 
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Financial 
Capability 
Index

Economic theory suggest that as the price of  a good goes up, the quantity of  the 

complementary good consumed decreases. In other words, as the price of  energy 

increases, we would expect people to consume less water  - even with flat rates in 

effect. 

We used the concept of  cross price elasticity of  water. 

𝜀𝑊𝑎𝑡𝑒𝑟𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 =
%∆𝑄𝑤𝑎𝑡𝑒𝑟
%∆𝑃𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐
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Financial 
Capability 
Index Proportionally Calibrated Almost Ideal Demand System (PCAIDS)

 𝑑𝑆𝑤𝑎𝑡𝑒𝑟 = −0.23
𝑑𝑃𝑤𝑎𝑡𝑒𝑟

𝑃𝑤𝑎𝑡𝑒𝑟
+ 0.23

𝑑𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐

 𝑑𝑆𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 = −0.03
𝑑𝑃𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐

𝑃𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐
+ 0.03

𝑑𝑃𝑊𝑎𝑡𝑒𝑟

𝑃𝑊𝑎𝑡𝑒𝑟

 𝜀𝑊𝑎𝑡𝑒𝑟𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 =
𝜀𝐸

𝑠𝑤
+ 𝑠𝑤(𝜀𝑚𝑎𝑟𝑘𝑒𝑡 + 1)
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Summary of 
Results

Served Communities

 Average MHI: $43,876 

 Average Fee: $105

 Most projects are in the 
medium burden level

Unserved Communities

 Average MHI: $31,749

 Average Fee: $254

 Most projects are in the high 
burden level
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Summary of 
Results

MHI vs. New Indicator

 The two indicators often differ

 The MHI indicator tends to 
underestimate the fee burden

 Chignik Lake is the only 
community where the MHI 
overestimates the fee burden 
with respect to the new 
indicator

Served and unserved 
communities

 Most projects in unserved 
communities are found to be 
unaffordable by both 
indicators

 Unserved communities have an 
average MHI of  $31,749 (vs 
$43,876 for served 
communities)
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