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How do we es�mate the value of recrea�onal goods?
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Background

Should we separate the Great Lakes and Mississippi?

Watch on

Midwest battles to keep invasive Asian carp out of the Great Lakes
Watch later Share
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Should we separate the Great Lakes and Mississippi?

Benefits from barriers accrue to anglers in the Great Lakes, both commercial
and recrea�onal

Costs come from cost of building the barriers plus cost of maintaining them,
plus costs of reduced shipping (if any), plus any other costs associated with
the barriers

How do we figure out the benefits from recrea�onal anglers?
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Why do we need travel cost?

Recrea�onal areas have value
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Why do 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need travel cost?

Recrea�onal areas have value

Their quality also has value

Not placing a value on recrea�on is essen�ally giving it a value of zero

This is likely inappropriate

If someone dumped toxic waste in Taughannock does that have zero cost?
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What is the travel cost method?

The travel cost method uses observable data on recrea�on visita�on to infer
the recrea�onal value of environmental ameni�es
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cost 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observable 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recrea�on 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the 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value of environmental ameni�es

The central idea is that the �me and travel cost expenses that people incur to
visit a site represent the price of access to the site

This means that people's WTP to visit can be es�mated based on the number
of visits they make to sites of different prices

This gives us a demand curve for sites/ameni�es, so we can value changes in
these environmental ameni�es
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Hotelling

A�er WWII, the U.S. na�onal park service solicited advice from economists
on methods for quan�fying the value of specific park proper�es
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park service 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advice 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economists
on methods for quan�fying 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proper�es

Would total entrance fee that people pay measure the value?

No!

Harold Hotelling proposed the first indirect method for measuring the
demand of a non‑market good in 1947
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Hotelling

Let concentric zones be defined around each park so that the cost of
travel to the park from all points in one of these zones is
approximately constant. The persons entering the park in a year, or a
suitable chosen sample of them, are to be listed according to the
zone from which they came. The fact that they come means that the
service of the park is at least worth the cost, and this cost can
probably be es�mated with fair accuracy.
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Hotelling

A comparison of the cost of coming from a zone with the number of
people who do come from it, together with a count of the popula�on
of the zone, enables us to plot one point for each zone on a demand
curve for the service of the park. By a judicious process of fi�ng, it
should be possible to get a good enough approxima�on to this
demand curve to provide, through integra�on, a measure of
consumers’ surplus..
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of 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a zone with the number of
people who do come from it, together with a count of the popula�on
of the zone, enables us to plot one point for each zone on a demand
curve for the service of the park. By a judicious process of fi�ng, it
should be possible to get a good enough approxima�on to this
demand curve to provide, through integra�on, a measure of
consumers’ surplus..

About twelve years a�er, Trice and Wood (1958) and Clawson (1959)
independently implemented the methodology
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Theore�cal founda�on

Here's the theory for how we can use observed data to tell us something
about 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to 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theory for how 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can 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data to tell 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about willingness to pay

Consider a single consumer and a single recrea�on site

The consumer has:

Total number of recrea�on trips: x, to site of quality: q
Total budget of �me: T
Working �me: H
Non‑recrea�on, non‑work �me: l
Hourly wage: w
Money cost of reaching the site: c 13 / 38

Theore�cal founda�on

This lets us write down the consumer's u�lity maximiza�on problem:

max
x,z,l

U(x, z, l, q) subject to:  wH = cx + z


money budget

, T = H + l + tx


time budget
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

time budget

max
x,z,l

U(x, z, l, q) subject to:  wT = z + (c + wt)x + wl


combined money/time budget
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Theore�cal founda�on

Let   be the consumer's full income, their money value of total �me
budget

Y = wT
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Let   be the 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full income, their money value of total �me
budget

Let   be the consumer's full price, their total cost to reach the site

Then we can write the problem as:

Solve the constraint for   and subs�tute into the u�lity func�on...

Y = wT

p = c + wt

max
x,z,l

U(x, z, l, q) subject to:  Y = z + px + wl


combined budget

z
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Theore�cal founda�on

max
x,l

U (x, Y − px − wl, l, q)
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Theore�cal founda�on

This has first‑order condi�ons:

and

max
x,l

U (x, Y − px − wl, l, q)

[x] Ux − pUz = 0 → = p
Ux

Uz

[l] − wUz + Ul = 0 → = w
Ul

Uz
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Theore�cal founda�on

 tells us the consumer equates the marginal rate of subs�tu�on
between recrea�onal trips and consump�on to be the full price of the
recrea�onal trip

= p
Ux

Uz
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us the 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marginal rate of subs�tu�on
between recrea�onal trips and consump�on to be the full price 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the
recrea�onal trip

What does this mean?

The value of the recrea�onal trip to the consumer, in dollar terms, is
revealed by the full price p

= p
Ux

Uz
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Theore�cal founda�on

The above FOCs are two equa�ons, the consumer had two choices (x,l) so
we had two unknowns

We can thus solve for x (and l) as a func�on of the parameters (p,Y,q):

This is simply the consumer's demand curves for recrea�on as a func�on of
the full price p, full budget Y, and quality q

Ux − pUz = 0 − wUz + Ul = 0

x = f(p, Y , q)
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Theore�cal founda�on

If we observe consumers going to sites of different full prices  ,
we are moving up and down their recrea�on demand curve

x = f(p, Y , q)

p1, p2, … , pn
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If we observe consumers going to sites of different full prices  ,
we are moving up and down their recrea�on demand curve

This lets us trace out the demand curve

Changing Y or q shi�s the demand curve in or out: these are income and
quasi‑price effects

Once we have it, we can compute surplus!

x = f(p, Y , q)

p1, p2, … , pn
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Zonal (single‑site) model

Here's the most basic travel cost model to start
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Here's the most basic travel cost model to start

Construct distance zones (i) as concentric circles emana�ng from the
recrea�on site
Travel costs from all points within each zone to the site are sufficiently
close in magnitude to jus�fy neglec�ng the differences
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from 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From a 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of visitors   at the recrea�on site, 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zones 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origin and their popula�ons 

(vi)

(ni)
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Zonal (single‑site) model

Here's the most basic travel cost model to start

Construct distance zones (i) as concentric circles emana�ng from the
recrea�on site
Travel costs from all points within each zone to the site are sufficiently
close in magnitude to jus�fy neglec�ng the differences

From a sample of visitors   at the recrea�on site, determine zones of
origin and their popula�ons 
Calculate the per capita visita�on rates for each zone of origin 

(vi)

(ni)

(ti = (vi/ni))
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Zonal (single‑site) model

Construct a travel cost measure   that reflects the round‑trip costs of
travel from the zone of origin to the recrea�on site (�me and gas), + an
entry fee   which may be zero and does not vary across zones

(tci)

(fee)
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Zonal (single‑site) model

Construct a travel cost measure   that reflects the round‑trip costs of
travel from the zone of origin to the recrea�on site (�me and gas), + an
entry fee   which may be zero and does not vary across zones

Collect relevant socioeconomic data   such as income and educa�on
for each distance zone

(tci)

(fee)

(xi)
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Zonal (single‑site) model

Construct a travel cost measure   that reflects the round‑trip costs of
travel from the zone of origin to the recrea�on site (�me and gas), + an
entry fee   which may be zero and does not vary across zones
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for each 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curve: the
rela�onship between per‑capita visita�on rates, cost per visit, [and travel
costs to other sites  ] controlling for socioeconomic differences

(tci)

(fee)

(xi)

(tcsi)
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where 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be linear

(tci)

(fee)

(xi)

(tcsi)

ti = g(tci + fee; tcsi, xi) + εi g
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Zonal (single‑site) model

Here's a simple example of a set of zones 1‑5:
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Zonal (single‑site) model

Suppose we have the following data:

�� # A tibble: 5 × 5
��   zone   dist   pop  cost   vpp
��   <chr> <dbl> <dbl> <dbl> <dbl>
�� 1 A         2 10000    20    15
�� 2 B        30 10000    30    13
�� 3 C        90 20000    65     6
�� 4 D       140 10000    80     3
�� 5 E       150 10000    90     1

If we plot cost by visits per person, we have a measure of the demand
curve...
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This is a very simple example where
it happens to be an exactly straight
line, most likely the data won't be
this perfect

The line is simply from es�ma�ng:

Zonal (single‑site) model

ti = β0 + β1tci + εi
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The data will most likely look like
this, but even this is probably too
clean

It ignores things like income, other
sites, other household
characteris�cs

Zonal (single‑site) model
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Zonal (single‑site) model
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es�mate 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coefficients, 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(inverse) demand
curve
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(single‑site) 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Based on the es�mate model coefficients, construct the (inverse) demand
curve

For each zone: predict total visita�on given various fees

Entry fee on the y‑axis (price), and 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number 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total 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on the
x‑axis (quan�ty)

The demand curve is different for different zone because different social
economic variables

The (use) value of the park/site to each zone is given by the area underneath
the corresponding demand curve 26 / 38
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with 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non‑use value (automa�cally zero for non‑users)

What are the right zones to choose?

What is the right func�onal form for demand?

How do we measure the opportunity cost of �me?

How do we treat mul�‑purpose trips?

How do we value par�cular site a�ributes? Can't disentangle them at a single
site 27 / 38

Mul�‑site model
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value 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Mul�‑site model

To value par�cular site a�ributes we need to have mul�ple sites (with
different a�ributes!)

We can answer ques�ons like:

What is the benefit of a fish restocking program?

Need to know the value of fish catch rate for visitors

What is the benefit of water clarity?

What is the benefit of tree replan�ng?
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Mul�‑site model

Suppose we have a dataset with a large number of individuals and sites

Individuals are given by   and sites are given by 

We observe the number of �mes each individual visited each site

The mul�‑site model works as follows

i = 1, … , N j = 1, … , J
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Mul�‑site model

Step 1: Do the single‑site es�ma�on for each site:

Tij = β0j + β1jtcij + β2jtcsij + β3jxi + εij
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Step 1: Do the single‑site es�ma�on for each site:

Step 2: Recover all the  s from each step 1 regression so that we have a set
of J  s for  ,  s for  , etc

These  s tell us the slope   and intercept 

 capture how the cost of subs�tute sites and household
characteris�cs shi� demand up and down

Tij = β0j + β1jtcij + β2jtcsij + β3jxi + εij

β

β0j j = 1 … , J β1j j = 1 … , J

β (β1j) (β0j, β2j, β3j)

β2j, β3j
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Mul�‑site model

Step 3: Take each set of   coefficient es�mates and use them as the
dependent variable in a regression on site a�ributes  :

The   coefficients tell us how the demand curve shi�s   or
rotates   as we change 

J

z

β̂0j = α00 + α01zj + ϵ0j

β̂1j = α10 + α11zj + ϵ1j

β̂2j = α20 + α21zj + ϵ2j

β̂3j = α30 + α31zj + ϵ3j

α×1 (α00, α02, α03)

(α01) z
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If we improve the quality of a site
from z1 to z2, demand for that site
shi�s up

The gain in CS, holding the cost
fixed, is given by the blue area

Once we es�mate demand curves,
we can see how welfare changes
when we alter quality
characteris�cs!

Valuing a�ributes with a mul�‑site model
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Mul�‑site example

trip_data �� read_csv("data/trip_data.csv")

�� Rows: 2600 Columns: 7

�� ── Column specification ────────────────────────────────────────────────────────
�� Delimiter: ","
�� dbl (7): house_num, site, trips, income, travel_cost, travel_cost_other, wat���

�� 
�� ℹ Use `spec()` to retrieve the full column specification for this data.
�� ℹ Specify the column types or set `show_col_types = FALSE` to quiet this message.

trip_data

�� # A tibble: 2,600 × 7
��    house_num  site trips income travel_cost travel_cost_other water_clarity
��        <dbl> <dbl> <dbl>  <dbl>       <dbl>             <dbl>         <dbl>
��  1         1     1     4 40450.       38.9              16.4          0.506
��  2         2     1     5 60304.       29.8              37.5          0.506 33 / 38

First stage es�ma�on

# first stage of multi�site
site_estimates �� map_dfr(unique(trip_data$site), function(site_in){
  lm(trips ~ travel_cost + travel_cost_other + income, 
     trip_data %>% filter(site �� site_in)) %>% 
    broom��tidy() %>% 
    select(estimate) %>% 
    mutate(site = site_in) %>% 
    list() %>% 
    tibble_row() %>% 
    unlist() 
}) %>% 
  select(1:5) %>% 
  magrittr��set_colnames(c("intercept", "own_price", "cross_price", "income", "site"))
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First stage es�ma�on

site_estimates

�� # A tibble: 26 × 5
��    intercept own_price cross_price    income  site
��        <dbl>     <dbl>       <dbl>     <dbl> <dbl>
��  1     2.99   -0.0161      0.0106  0.0000321     1
��  2     2.45   -0.0117      0.0101  0.0000397     2
��  3     2.37   -0.0197      0.0111  0.0000450     3
��  4     2.33   -0.0187      0.0119  0.0000438     4
��  5     2.05   -0.0143      0.0139  0.0000450     5
��  6    -0.236  -0.00668     0.00972 0.0000321     6
��  7     2.67   -0.0210      0.0118  0.0000395     7
��  8    -0.346  -0.00395     0.00987 0.0000324     8
��  9     2.98   -0.0133      0.0107  0.0000315     9
�� 10    -0.103  -0.00943     0.0105  0.0000302    10
�� # … with 16 more rows
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Take es�mates, join with water clarity

# merge in water clarity
estimation_df �� site_estimates %>% 
  left_join(trip_data %>% distinct(site, water_clarity))

�� Joining, by = "site"

estimation_df

�� # A tibble: 26 × 6
��    intercept own_price cross_price    income  site water_clarity
��        <dbl>     <dbl>       <dbl>     <dbl> <dbl>         <dbl>
��  1     2.99   -0.0161      0.0106  0.0000321     1         0.506
��  2     2.45   -0.0117      0.0101  0.0000397     2         0.503
��  3     2.37   -0.0197      0.0111  0.0000450     3         0.515
��  4     2.33   -0.0187      0.0119  0.0000438     4         0.515
��  5     2.05   -0.0143      0.0139  0.0000450     5         0.515
��  6    -0.236  -0.00668     0.00972 0.0000321     6         0.481
��  7     2.67   -0.0210      0.0118  0.0000395     7         0.539
��  8    -0.346  -0.00395     0.00987 0.0000324     8         0.482
� 9 2 98 0 0133 0 0107 0 0000315 9 0 530
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Second stage

# second stage of multi�site
demand_shifts �� map_dfr(names(estimation_df)[1:4],
        function(coefficient) {
          reg_formula �� as.formula(paste0(coefficient, " ~ water_clarity"))
          lm(reg_formula, estimation_df) %>% 
            broom��tidy() %>% 
            mutate(coeff = coefficient) %>% 
            slice(2)
        }
)
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Second stage

demand_shifts

�� # A tibble: 4 × 6
��   term           estimate std.error statistic      p.value coeff      
��   <chr>             <dbl>     <dbl>     <dbl>        <dbl> <chr>      
�� 1 water_clarity 48.0      6.29           7.62 0.0000000733 intercept  
�� 2 water_clarity -0.171    0.0302        -5.67 0.00000770   own_price  
�� 3 water_clarity  0.0241   0.00867        2.78 0.0104       cross_price
�� 4 water_clarity  0.000165 0.0000394      4.18 0.000330     income

The es�mates column tells us how a change in water clarity (from 0 to
100%), shi�s or rotates our demand curve
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Lecture 15
Travel cost and recrea�on demand

Ivan Rudik
AEM 4510

https://www.youtube.com/watch?v=lIRXDDG6yB8&feature=emb_imp_woyt
https://www.youtube.com/watch?v=lIRXDDG6yB8
https://www.youtube.com/channel/UC6ZFN9Tx6xh-skXCuRHCDpQ


Roadmap

How do we es�mate the value of recrea�onal goods?
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Background



Should we separate the Great Lakes and Mississippi?

Watch on

Midwest battles to keep invasive Asian carp out of the Great Lakes
Watch later Share
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Should we separate the Great Lakes and Mississippi?

Benefits from barriers accrue to anglers in the Great Lakes, both commercial
and recrea�onal

Costs come from cost of building the barriers plus cost of maintaining them,
plus costs of reduced shipping (if any), plus any other costs associated with
the barriers

How do we figure out the benefits from recrea�onal anglers?
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Why do we need travel cost?

Recrea�onal areas have value
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Why do we need travel cost?

Recrea�onal areas have value

Their quality also has value

Not placing a value on recrea�on is essen�ally giving it a value of zero

This is likely inappropriate

If someone dumped toxic waste in Taughannock does that have zero cost?
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What is the travel cost method?

The travel cost method uses observable data on recrea�on visita�on to infer
the recrea�onal value of environmental ameni�es
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What 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travel cost method?

The travel cost method uses observable data on recrea�on visita�on to infer
the recrea�onal value of environmental ameni�es

The central idea is that the �me and travel cost expenses that people incur to
visit a site represent the price of access to the site

This means that people's WTP to visit can be es�mated based on the number
of visits they make to sites of different prices

This gives us a demand curve for sites/ameni�es, so we can value changes in
these environmental ameni�es
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Hotelling

A�er WWII, the U.S. na�onal park service solicited advice from economists
on methods for quan�fying the value of specific park proper�es
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Hotelling

A�er WWII, the U.S. na�onal park service solicited advice from economists
on methods for quan�fying the value of specific park proper�es

Would total entrance fee that people pay measure the value?

No!

Harold Hotelling proposed the first indirect method for measuring the
demand of a non‑market good in 1947
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Hotelling

Let concentric zones be defined around each park so that the cost of
travel to the park from all points in one of these zones is
approximately constant. The persons entering the park in a year, or a
suitable chosen sample of them, are to be listed according to the
zone from which they came. The fact that they come means that the
service of the park is at least worth the cost, and this cost can
probably be es�mated with fair accuracy.
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Hotelling

A comparison of the cost of coming from a zone with the number of
people who do come from it, together with a count of the popula�on
of the zone, enables us to plot one point for each zone on a demand
curve for the service of the park. By a judicious process of fi�ng, it
should be possible to get a good enough approxima�on to this
demand curve to provide, through integra�on, a measure of
consumers’ surplus..
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Hotelling

A comparison of the cost of coming from a zone with the number of
people who do come from it, together with a count of the popula�on
of the zone, enables us to plot one point for each zone on a demand
curve for the service of the park. By a judicious process of fi�ng, it
should be possible to get a good enough approxima�on to this
demand curve to provide, through integra�on, a measure of
consumers’ surplus..

About twelve years a�er, Trice and Wood (1958) and Clawson (1959)
independently implemented the methodology
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Theore�cal founda�on

Here's the theory for how we can use observed data to tell us something
about willingness to pay
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Theore�cal founda�on

Here's the theory for how we can use observed data to tell us something
about willingness to pay

Consider a single consumer and a single recrea�on site

The consumer has:

Total number of recrea�on trips: x, to site of quality: q
Total budget of �me: T
Working �me: H
Non‑recrea�on, non‑work �me: l
Hourly wage: w
Money cost of reaching the site: c 13 / 38



Theore�cal founda�on

This lets us write down the consumer's u�lity maximiza�on problem:

max
x,z,l

U(x, z, l, q) subject to:  wH = cx + z


money budget

, T = H + l + tx


time budget
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lets 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write down 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u�lity maximiza�on problem:

Combine the 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constraints to get:

max
x,z,l

U(x, z, l, q) subject to:  wH = cx + z


money budget

, T = H + l + tx


time budget

max
x,z,l

U(x, z, l, q) subject to:  wT = z + (c + wt)x + wl


combined money/time budget
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Theore�cal founda�on

Let   be the consumer's full income, their money value of total �me
budget

Y = wT
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Theore�cal founda�on
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p = c + wt
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total 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reach the 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Then we can write 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problem 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Y = wT

p = c + wt

max
x,z,l
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to:  Y = z + px + wl
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Theore�cal founda�on

Let   be the consumer's full income, their money value of total �me
budget

Let   be the consumer's full price, their total cost to reach the site

Then we can write the problem as:

Solve the constraint for   and subs�tute into the u�lity func�on...

Y = wT

p = c + wt

max
x,z,l

U(x, z, l, q) subject to:  Y = z + px + wl


combined budget

z
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Theore�cal founda�on

max
x,l

U (x, Y − px − wl, l, q)
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Theore�cal founda�on

This has first‑order condi�ons:

and

max
x,l

U (x, Y − px − wl, l, q)

[x] Ux − pUz = 0 → = p
Ux

Uz

[l] − wUz + Ul = 0 → = w
Ul

Uz
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Theore�cal founda�on

 tells us the consumer equates the marginal rate of subs�tu�on
between recrea�onal trips and consump�on to be the full price of the
recrea�onal trip

= p
Ux

Uz
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Theore�cal founda�on

 tells us the consumer equates the marginal rate of subs�tu�on
between recrea�onal trips and consump�on to be the full price of the
recrea�onal trip

What does this mean?

The value of the recrea�onal trip to the consumer, in dollar terms, is
revealed by the full price p

= p
Ux

Uz
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Theore�cal founda�on

The above FOCs are two equa�ons, the consumer had two choices (x,l) so
we had two unknowns

We can thus solve for x (and l) as a func�on of the parameters (p,Y,q):

This is simply the consumer's demand curves for recrea�on as a func�on of
the full price p, full budget Y, and quality q

Ux − pUz = 0 − wUz + Ul = 0

x = f(p, Y , q)
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Theore�cal founda�on

If we observe consumers going to sites of different full prices  ,
we are moving up and down their recrea�on demand curve

x = f(p, Y , q)

p1, p2, … , pn
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Theore�cal founda�on

If we observe consumers going to sites of different full prices  ,
we are moving up and down their recrea�on demand 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Changing Y or q shi�s the demand curve in or out: 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are income and
quasi‑price effects

Once we have it, we can 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surplus!

x = f(p, Y , q)

p1, p2, … , pn
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From a sample of visitors   at the recrea�on 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determine zones of
origin and their popula�ons 
Calculate the per capita visita�on rates for each zone of origin 

(vi)

(ni)

(ti = (vi/ni))
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Zonal (single‑site) model

Construct a travel cost measure   that reflects the round‑trip costs of
travel from the zone of origin to the recrea�on site (�me and gas), + an
entry fee   which may be zero and does not vary across zones

(tci)

(fee)
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Construct a travel cost measure   that reflects 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round‑trip costs of
travel 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the zone 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origin 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the recrea�on site (�me and gas), + an
entry fee   which may be zero and does not vary 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Collect relevant socioeconomic data   such as income and educa�on
for each distance zone

Use sta�s�cal methods to es�mate the trip demand curve: the
rela�onship between per‑capita visita�on rates, cost per visit, [and travel
costs to other sites  ] controlling for socioeconomic differences

 where   can be linear

(tci)

(fee)

(xi)

(tcsi)

ti = g(tci + fee; tcsi,xi) + εi g
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Zonal (single‑site) model

Here's a simple example of a set of zones 1‑5:
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Zonal (single‑site) model

Suppose we have the following data:

�� # A tibble: 5 × 5
��   zone   dist   pop  cost   vpp
��   <chr> <dbl> <dbl> <dbl> <dbl>
�� 1 A         2 10000    20    15
�� 2 B        30 10000    30    13
�� 3 C        90 20000    65     6
�� 4 D       140 10000    80     3
�� 5 E       150 10000    90     1

If we plot cost by visits per person, we have a measure of the demand
curve...
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This is a very simple example where
it happens to be an exactly straight
line, most likely the data won't be
this perfect

The line is simply from es�ma�ng:

Zonal (single‑site) model

ti = β0 + β1tci + εi
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The data will most likely look like
this, but even this is probably too
clean

It ignores things like income, other
sites, other household
characteris�cs

Zonal (single‑site) model
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Zonal (single‑site) model

Based on the es�mate model coefficients, construct the (inverse) demand
curve
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fee 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the 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total 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on the
x‑axis (quan�ty)

The demand curve is different for different 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because different social
economic variables

The (use) value of the park/site 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each zone is given by the area underneath
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Issues with the single‑site model

What are some poten�al issues and concerns with this approach?
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Mul�‑site model

To value par�cular site a�ributes we need to have mul�ple sites (with
different a�ributes!)
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number of individuals and sites
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Mul�‑site model

Suppose we have a dataset with a large number of individuals and sites

Individuals are given by   and sites are given by 

We observe the number of �mes each individual visited each site

The mul�‑site model works as follows

i = 1, … , N j = 1, … , J
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Mul�‑site model

Step 1: Do the single‑site es�ma�on for each site:

Tij = β0j + β1jtcij + β2jtcsij + β3jxi + εij
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Mul�‑site 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Step 1: Do the single‑site es�ma�on 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each 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Step 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 s 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each step 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for 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for 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β
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β (β1j) (β0j, β2j, β3j)
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Mul�‑site model

Step 1: Do the single‑site es�ma�on for each site:

Step 2: Recover all the  s from each step 1 regression so that we have a set
of J  s for  ,  s for  , etc

These  s tell us the slope   and intercept 

 capture how the cost of subs�tute sites and household
characteris�cs shi� demand up and down

Tij = β0j + β1jtcij + β2jtcsij + β3jxi + εij

β

β0j j = 1 … , J β1j j = 1 … , J

β (β1j) (β0j, β2j, β3j)

β2j, β3j
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Mul�‑site model

Step 3: Take each set of   coefficient es�mates and use them as the
dependent variable in a regression on site a�ributes  :

The   coefficients tell us how the demand curve shi�s   or
rotates   as we change 

J

z

β̂0j = α00 + α01zj + ϵ0j

β̂1j = α10 + α11zj + ϵ1j

β̂2j = α20 + α21zj + ϵ2j

β̂3j = α30 + α31zj + ϵ3j

α×1 (α00, α02, α03)

(α01) z
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If we improve the quality of a site
from z1 to z2, demand for that site
shi�s up

The gain in CS, holding the cost
fixed, is given by the blue area

Once we es�mate demand curves,
we can see how welfare changes
when we alter quality
characteris�cs!

Valuing a�ributes with a mul�‑site model
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Mul�‑site example

trip_data �� read_csv("data/trip_data.csv")

�� Rows: 2600 Columns: 7

�� ── Column specification ────────────────────────────────────────────────────────
�� Delimiter: ","
�� dbl (7): house_num, site, trips, income, travel_cost, travel_cost_other, wat���

�� 
�� ℹ Use `spec()` to retrieve the full column specification for this data.
�� ℹ Specify the column types or set `show_col_types = FALSE` to quiet this message.

trip_data

�� # A tibble: 2,600 × 7
��    house_num  site trips income travel_cost travel_cost_other water_clarity
��        <dbl> <dbl> <dbl>  <dbl>       <dbl>             <dbl>         <dbl>
��  1         1     1     4 40450.       38.9              16.4          0.506
��  2         2     1     5 60304.       29.8              37.5          0.506 33 / 38



First stage es�ma�on

# first stage of multi�site
site_estimates �� map_dfr(unique(trip_data$site), function(site_in){
  lm(trips ~ travel_cost + travel_cost_other + income, 
     trip_data %>% filter(site �� site_in)) %>% 
    broom��tidy() %>% 
    select(estimate) %>% 
    mutate(site = site_in) %>% 
    list() %>% 
    tibble_row() %>% 
    unlist() 
}) %>% 
  select(1:5) %>% 
  magrittr��set_colnames(c("intercept", "own_price", "cross_price", "income", "site"))
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First stage es�ma�on

site_estimates

�� # A tibble: 26 × 5
��    intercept own_price cross_price    income  site
��        <dbl>     <dbl>       <dbl>     <dbl> <dbl>
��  1     2.99   -0.0161      0.0106  0.0000321     1
��  2     2.45   -0.0117      0.0101  0.0000397     2
��  3     2.37   -0.0197      0.0111  0.0000450     3
��  4     2.33   -0.0187      0.0119  0.0000438     4
��  5     2.05   -0.0143      0.0139  0.0000450     5
��  6    -0.236  -0.00668     0.00972 0.0000321     6
��  7     2.67   -0.0210      0.0118  0.0000395     7
��  8    -0.346  -0.00395     0.00987 0.0000324     8
��  9     2.98   -0.0133      0.0107  0.0000315     9
�� 10    -0.103  -0.00943     0.0105  0.0000302    10
�� # … with 16 more rows
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Take es�mates, join with water clarity

# merge in water clarity
estimation_df �� site_estimates %>% 
  left_join(trip_data %>% distinct(site, water_clarity))

�� Joining, by = "site"

estimation_df

�� # A tibble: 26 × 6
��    intercept own_price cross_price    income  site water_clarity
��        <dbl>     <dbl>       <dbl>     <dbl> <dbl>         <dbl>
��  1     2.99   -0.0161      0.0106  0.0000321     1         0.506
��  2     2.45   -0.0117      0.0101  0.0000397     2         0.503
��  3     2.37   -0.0197      0.0111  0.0000450     3         0.515
��  4     2.33   -0.0187      0.0119  0.0000438     4         0.515
��  5     2.05   -0.0143      0.0139  0.0000450     5         0.515
��  6    -0.236  -0.00668     0.00972 0.0000321     6         0.481
��  7     2.67   -0.0210      0.0118  0.0000395     7         0.539
��  8    -0.346  -0.00395     0.00987 0.0000324     8         0.482
� 9 2 98 0 0133 0 0107 0 0000315 9 0 530
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Second stage

# second stage of multi�site
demand_shifts �� map_dfr(names(estimation_df)[1:4],
        function(coefficient) {
          reg_formula �� as.formula(paste0(coefficient, " ~ water_clarity"))
          lm(reg_formula, estimation_df) %>% 
            broom��tidy() %>% 
            mutate(coeff = coefficient) %>% 
            slice(2)
        }
)
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Second stage

demand_shifts

�� # A tibble: 4 × 6
��   term           estimate std.error statistic      p.value coeff      
��   <chr>             <dbl>     <dbl>     <dbl>        <dbl> <chr>      
�� 1 water_clarity 48.0      6.29           7.62 0.0000000733 intercept  
�� 2 water_clarity -0.171    0.0302        -5.67 0.00000770   own_price  
�� 3 water_clarity  0.0241   0.00867        2.78 0.0104       cross_price
�� 4 water_clarity  0.000165 0.0000394      4.18 0.000330     income

The es�mates column tells us how a change in water clarity (from 0 to
100%), shi�s or rotates our demand curve
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