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Early in the 19th century Count von Thinen devealiop¢heoretical model that describes how

market processes determine local land-use pattdshann Heinrich von Thinen (1783-1850)

was a skilled farmer who was knowledgeable in eooos. His model was created before the

first large-scale industrialization and is simplesplained in terms of agricultural land use

around a central market city. His findings are hesvenot restricted to agriculture alone, as

will be discussed later. Central in his model aeefbllowing assumptions:

- The central city is located centrally within andlisted State" which is self-sufficient and
has no external influences.

- The Isolated State is surrounded by an unoccupileérmuess.

- The land of the State is completely flat and hasivers or mountains to interrupt the
terrain.

- The soil quality and climate are consistent thraughhe State.

- Farmers in the Isolated State transport their oeadg to market via oxcart, across land,
directly to the central city. Transport costs thas linearly with distance.

- The selling price for the agricultural productsletermined at the market by supply and
demand.

- Farmers act to maximize profits.

In an Isolated State with the foregoing statembatsg true, Von Thiinen hypothesized that
the following pattern would develop:

Central City

Intensive Farming/Dairying

Extensive Field Crops
Ranching/Animal Products

There are four rings of agricultural activity swrnaling the cityDairying and intensive
farmingoccur in the ring closest to the city. The relgteaducts (vegetables, fruit, milk and
other dairy products) have the highest profits,a&dsib the highest transportation costs because
they are vulnerable and perishalllanber and firewoodvill be produced for fuel and
building materials in the second zone. Before itrilization (and coal power), wood was a
very important fuel for heating and cooking. Woed/ery heavy and therefore difficult and
costly to transport. The third zone consistexiensive field cropsuch as grain for bread.
Since grain lasts longer than dairy products amdush lighter than wood transport costs are
considered to be lower, allowing a location furtirem the city.Ranchings located in the
final ring surrounding the central city. Animalsndae raised far from the city because they
are self-transporting and thus have low transpmstsc Beyond the fourth ring lies the
unoccupied wilderness, which is too great a digtdram the central city for any type of
agricultural product.



The economic rationale behind the model is desgribbéerms of profit and distance from the
market. The profit consists of the (fixed) selliogce minus the (fixed) production costs
minus the (variable) transportation costs. Thespartation costs increase linearly with
distance. The descending curves below represepttifi¢ for a product at a certain distance
from the city. At distance D from the city, it benes more profitable to produce product 2.

Land use after Von Thiinen
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Originally Von Thinen’s model was only concernethwocation. However, it is possible to
derive the land rent from this model. The farmbed grow a particular product prefer to
locate closer to the city, as their profit will bgher. Thus for land closer to the city, they are
willing to pay a rent, the land rent, which is atshthe profit they make at that location. The
conclusion is that land closer to the city will baar higher price than land that is located
further from the city. In this simplified approaale state that land rent at a location will be
equal to the local profit, being defined as:

R=Y*(P-Cp)-Y *(Ct*d), in which:

R = land rent ( $/acre)

Y = yield (ton/acre)

P = market price ($/ton)

Cp = production cost ($/ton)

Ct = transportation cost ($/ton/miles)
d = distance from town (miles)

Even though the Von Thinen model was createdimahefore factories, highways, and
even railroads, it is still an important model ography. The Von Thinen model is an
excellent illustration of the balance between laast and transportation costs. The farmers of
the Isolated State balance the cost of transpontaind land versus profit and produce the
most cost-effective product for the market.

The original simplifying assumption of a homogeretieatureless” plane in which the
central city is located received a lot of criticisktany deemed the resulting concentric land-
use patterns as being much too simple. The moddhaaever easily be adopted to include
roads and rivers that might decrease transportatists to some locations. The following
exercise allows you to play around with that adaprsion of the Von Thiinen model.



Exercise

Please start the exercise by filling in the nanmesstiudent numbers of your group members:

Name Student number

The Von Thinen software is available on the CDrt$t@ program by double-clicking on the
thunen.exe file. This software essentially proviges with a blank homogeneous landscape
on which a central market is placed. You can thentbe drawing tools in tHgesignmode

to add more towns, transport routes, rail routesraom-productive land which acts as
constraints on the distribution of land uses. #rthwould be no constraints on land use, the
model generates a symmetrical land-use pattermdrihe central town. The land-use pattern
depends on how thdarket priceandTransport costor each product are defined; these can
be altered by using the sliders. The interactiomafket price and transportation cost is
presented in a land rent curve. You can then digpalLand use mapnd look at the
connected land rents in 3D surfd&Rent mapYou can adjust the presentation of the surface
by using the sliders.

Question 1:

Design your own landscape and calculate the larpatiern for that landscape. Then change
the transport costs of milk as a result of a néweaper technology to transport milk by large
trucks.

A) How do these decreased transport costs potendiffidigt the land-use pattern? What
impact do you expect on the market price of milk?

Now change the market price of meat due to an aserén consumer demand.
B) How does this affect the land-use pattern?



Question 2:

Open the predefined Chicago scenario by goingadisign mode and selectifRge ->

Open -> Chicago.bmprlake a brief look at the market prices and trartsgpsts and view the
land-use and rent maps.

A) Are the land-use and rent map confirming your ahigixpectations?

B) Please write down the total areas of each landyysebelow.

Milk Grain Livestock Woodland

Total area
(sg.miles)

The transport cost weights for rail and river tgzors are currently set at fraction of 0.5 and
0.1 of overland transport. Transport by train awdrris thus cheaper then overland transport
by a factor 2 and 10 respectively. Now considerrgd-scale investment in upgrading the
existing rail tracks leading to an increased transpapacity and reduced transport costs.
Click on theDesignlabel. Now, inOptions ->Weightingschange the transport cost setting to
train Q1 to reflect this decrease in train transport [@ice

Please note¢hat it may be necessary to enter this value witiomma,j sign instead of

the original dot (), to prevent an annoying “invalid floating pointhessage. In that case

it will also be necessary to change the river weigtlue from 0.1 to 0,1

C) How does the decreased train transport cost chtheggeneral land-use pattern?

D) Please write down the adjusted total areas of kahuse type below. Can you explain
these changed total areas?

Milk Grain Livestock Woodland

Total area
(sg.miles)

E) What is the most important change in the land meegp as caused by the decreased train
transport cost? What motivation for the large-saaestment in the train-tracks can you
derive from the observed change?



Question 3:
The Von Thinen model is of course an oversimplifocaof reality. Mention two important
limitations of this land-use model.

William Alonso extended the Von Thiinen model inl®kLocation and Land UsgL964)

and put it in an urban context. The central marden in the Von Thinen model is
interpreted by Alonso as a city with a Central Bask District (CBD) in the city centre.
Households must commute there in order to workén@BD. Again transportation costs are
considered the main explanatory factor in the locadecision of households and enterprises.
This so-called bid-rent function approach now fothes basis of all contemporary theories on
land use and land values.

Bid-rent functions are typically formulated as fwlls:
y=r(@)+p,(d)+px

) the household’s income
r(d) rent per unit of land at distance 4 from the city centre
/ amount of land

pfd)  transportation costs at distance 4 from the city centre
b, price of all other goods

Z amount of all other goods

A household is supposed to spend its income o thiags:1) land, 2) transportation costs
and 3) all other goods. The household requiresatitn in a simplified city, which is
monocentric, uniform, and in which markets are cetitige. Employment, goods, and
services are only available in the city centre. &oindividual household the prices of land
are given. Land prices are supposed to decreakensiieasing distance from the city centre,
which is “essentially true for most cities” andemuirement for the market equilibrium.

Consequently a household has to decide how muith imicome will be spend on land, how
much on transportation costs, and how much on gfbeds. This decision is affected by the
size of a parcel that can be bought for a certadgbt at a certain distance from the city
centre. A household can rent a larger house (angail parcel) further from the city centre for
the same budget as a smaller house near the dButrihe bigger house at a larger distance
from the centre has the disadvantage of offerigtdni transportation (commuting) costs.
This idea is incorporated in a bid price curve dbasehold. This is the set of prices for land
the individual could pay at various distances wHgeiving a constant level of satisfaction.
The rent is paid to landlords who are local monigt®and try to maximise the rents they
receive. The bidding process leads to a statidibgum, in which the bid rent function
becomes the rent curve as depicted in the figueab@n the case of identical consumers).



The rent curve

land
rent

b distance from city

The theory for business location is rather sintitethat for household location. Instead of
maximising satisfaction, businesses maximise waiitd need to ship their final products and
inputs to and from the market or harbour, railwiatisn etc. (in the case of a monocentric
city). The resulting rent curves for businesses vglsimilar to one shown for households.
Overlaying the different rent curves for househeisidents and different types of businesses
informs us on the hypothetical land-use distribuiioa city.

Question 4:

Consider a city with three types of urban land vesidencesofficesandindustry.

A) Which land-use type will, in your opinion, offeretthighest rent for a location near the
centre; or in other words which will have the sestprent curve? And which will offer
the lowest rent?

The resulting land-use patterns will again showrcentric alteration of the different urban

land-use types around the centre,

B) Can you state an actual example of a city thagcedlthe concentric land-use pattern that
would be the results of the relative rents that yamntioned above?
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The von thiinen software has been written by ProfdBilip Steadman’s team at the Open
University UK for a course called “From BabylonSmgapore: The Technology of Cities”.



