
It is undisputed that capacity-constrained 

operations such as car parks, hotels or 

transportation providers have realized 

significant financial benefits through the 

application of revenue management.

However, as users become more experienced, 

technology improves and the cost of data 

acquisition decreases, the methodology 

of optimizing top-line performance must 

evolve with it. As with any evolution, there 

are challenges; sophisticated solutions now 

must process ever increasing amounts of 

data and provide answers in more detail, and 

traditional approaches that limit the ability 

to offer optimal prices or restrict the ability 

to gather crucial data are quickly becoming 

obsolete.

A new approach is required to provide 

capacity-constrained car parks with 

integrated capabilities to implement 

optimal pricing decisions in real time while 

providing key stakeholders relevant and 

timely information to:

•  Quantify and analyze the observed 

purchase behavior of customers

•   Identify the attractiveness of offered 

products with respect to those of the 

competitors

•   Optimally price each product so as to 

maximize revenue

•   Provide pricing analysts with powerful 

tools that would give them precious 

insight into the current commercial 

dynamics of each business segment for 

all products offered for sale
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The overall goal of demand-based, dynamic 

pricing is to address the problem of setting 

prices for a car park in both noncompetitive 

and competitive environments, in which the 

demand as a function of price may or may not 

be directly known, but is learned over time 

via price “un-constraining.” Any capacity-

constrained operation may offer a number of 

products that appeal differently to different 

segments of the market. The products must 

be priced dynamically over a finite time 

horizon and sold to the appropriate demand 

in the competitive market. These products 

may at times compete for the scarce capacity.

DEMAND AS A FUNCTION OF PRICE

With demand-based, dynamic pricing, 

consumers pay lower prices when the 

demand is weak and the car park has excess 

capacity and they pay significantly higher 

prices when the demand is strong and the 

car park does not have enough capacity to 

accommodate all of the demand. This allows 

the car park operator to better balance 

supply and demand.

Demand Based Dynamic Pricing enables an 

increasing number of car parks to optimize 

the fit between their capacity and future 

demand in a way that maximizes revenues 

and/or profits. It removes any subjectivity 

in pricing by introducing a scientific way for 

determining price sensitivity of customers 

using mathematical models as follows:

•  Forecast future sales volume at different 

prices and optimize prices based on 

expected demand for the products. The 

models capture and take into account 

current market conditions and recent 

customer behavior to determine at what 

price products should be offered, in what 

quantity and for how long, and adjust the 

price of the products dynamically.

•  Reduce prices when capacity is available 

only if a price reduction will capture enough 

additional demand to compensate for the 

reduction in price and increase revenues 

(i.e., sell excess inventory at the optimal 

price). 

•   Raise prices during the peak periods only  

if the increase in price results in capturing  

more revenues and is not offset by the 

accompanying decrease in demand (i.e., 

accommodate the demand in available 

capacity at the optimal price when car 

parks are expected to be busy). 

•  Restrict the availability of discounted 

products to periods of low capacity 

utilization.

On the surface, it appears that some parking 

operations have implemented “intelligent” 

pricing solutions and they are able to price 

optimally between a floor and a ceiling, 

while accounting for prices charged by the 

competitors. In reality, however, this is far 

from true. Some car park operators have 

implemented a rules-based, heuristic solution 

(experienced-based technique) that is 

driven by the forecast of expected capacity 

utilization and the average price charged by 

the competitors. 

Advances in analytics and technology 

have now made it possible to implement 

methodologies based on jointly learning 

the demand as a function of price and 

dynamically pricing products in a competitive 

environment in order to maximize revenues 

and/or profits. This is what we call “intelligent 

pricing.”
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We are now able to consider stochastic 

models (determined both by predictable 

actions and random elements) that do not 

have to assume that the demand as a function 

of price is known in advance, but rather 

assume categories of demand functions of 

price that are learned over time.

Incorporating “price un-constraining,” which 

requires an understanding of “demand as a 

function of price,” enables us to introduce 

a more sophisticated model of demand 

learning, in which the price elasticities are 

slowly varying functions of time. This allows 

for increased flexibility in the modeling of the 

demand.

Existing pricing solutions in the marketplace 

fall short of adequately addressing various 

complexities of intelligent pricing such as:

•  Determination of demand as a function 

of price for each business segment for all 

products offered

•   Analytically accounting for the individual 

competitor prices

•  Understanding that price elasticity is 

different at different booking horizons

•  Price elasticity is different at different price  

points

•  Static demand forecasting and driving 

pricing solely based on a forecast 

of expected capacity utilization is 

inadequate. The price sensitive demand 

and the qualified demand accepted at pre-

negotiated prices have to be optimized 

simultaneously

Now we have the ability to address these 

problems in a manner that has not been 

previously accomplished by current price 

optimization solutions. We are able to price 

intelligently. 

DIFFERENT BUSINESS SEGMENTS HAVE 

DIFFERENT PRICE SENSITIVITIES 

For some business segments, raising prices 

by one percent can increase revenues by 10 

percent. For other business segments, the 

same action may have a significantly negative 

impact on revenues. For certain business 

segments—actually decreasing prices, even 

by as much as 10 percent, may in fact increase 

revenues considerably, whereas for other 

business segments, such a price decrease 

may lead to serious revenue erosion.

The key is to understand how pricing and 

fencing affects demand. An intelligent 

pricing approach needs to continuously 

understand the demand as a function of price, 

and dynamically set prices of products in a 

competitive environment in order to maximize 

expected revenue or profit to optimize prices.

Simply linking all prices to some reference 

price—e.g., a discount on the drive-up or gate 

rate or best available pre-book rate based 

on intuitive judgment or common sense—

and simply increasing and decreasing this 

reference price based on expected capacity 

utilization and average competitor price (an 

approach taken by most price optimization 

solutions today) is far from intelligent pricing 

and can result in lost revenue opportunities. 

Different business segments can have very 

different demand curves for any product 

offered for sale. This means that demand 

within individual business segments will 

behave, or respond, differently to changes in 

price. Many car parks with pre-booking today 

link the prices of other business segments to 

a standard rate or best available rate (BAR) 

as a means of managing their pricing across 

multiple business segments. For example, a 

car park raises the BAR by $10. This would 

result in some corresponding percentage or 
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offset price increase in the linked (derivative) 

business segment. Overall, that may be a 

wise pricing decision for the standard or BAR 

business segment. However, it is possible that 

in doing so, this change may elevate the price 

of the linked business segment to a price 

above where any demand exists, thereby 

stifling all demand contribution from the 

linked business segment.

Some of the existing pricing solutions attempt 

to overcome this issue by combining the 

demand curves from each business segment 

into one main demand curve. The pitfall here 

is that the combined demand curve (demand 

as a function of price) does not behave like 

any of the individual business segments, thus 

jeopardizing the performance of all business 

segments.

All other things being roughly equal, the 

solution with more flexibility in independent 

decisions will always perform no worse, and 

potentially a great deal better, than a solution 

with little flexibility in setting up independent 

but related decisions at optimality. The 

key, however, is then to allow the solution 

to reach its best potential. Indeed, the 

best performance of the simpler but less 

flexible solution must serve as a threshold 

that the more flexible system should hurdle 

over. Typically the extra complexity and 

computational processing, is justifiable 

based on the resulting revenue gains. These 

improvements provide anywhere from 

incremental gains in revenue to powerful 

breakthroughs in profits. Using sophisticated 

simulation environments, we have found that 

the intelligent pricing concepts discussed 

here can produce additional revenue in 

the range of 4-10 percent over existing 

revenue management and price optimization 

practices.

In the area of dynamic revenue management, 

optimal pricing policies are typically 

computed on the basis of an underlying 

deterministic demand price model. This 

approach implicitly assumes that the model is 

an accurate representation of the real-world 

demand process and that the parameters 

characterizing this model can be accurately 

calibrated using data. In many situations, 

neither of these conditions is satisfied. 

Indeed, models are usually simplified for 

the purposes of tractability and may be 

difficult to calibrate because of a lack of data. 

Moreover, pricing policies that are computed 

under the assumption that the model is 

correct may perform badly when this is not 

the case.

We need to assess the demand and the 

uncertainty in demand as a function of price 

for each business segment independently 

for any product that is offered for sale. 

Then given the remaining capacity, we can 

calculate the best pricing scenario for each 

product and each business segment. This will 

enable the organization to capture the right 

volume of demand at the right price for each 

product and each business segment, thereby 

maximizing revenue.

The models we deploy do not have to 

assume that the demand as a function of 

price is known in advance, or that the price 

elasticity or sensitivity is the same or similar 

for all products and all business segments. 

Intelligent pricing needs to be based on 

demand functions that are learned and 

refined over time using more sophisticated 

models of demand learning, in which the 

parameters are slowly varying functions of 

time, and allows for increased flexibility in the 

modeling of the demand for each product 

and business segment.



ACCOUNTING FOR THE DISTRIBUTION OF 

COMPETITOR PRICING 

We need to forecast the car park’s own 

demand as a function of the car park’s own 

price in relation to its competitor’s prices 

(using data supplied by Competitor Price 

Monitor) and optimize expected revenue 

for the car park after accounting for the 

individual prices of each competitor—not 

the average price of all competitors. Note 

that if one competitor is charging $10 and 

another competitor is charging $20, the 

car park’s optimal price is very different 

from the situation where both competitors 

charge $15. The average competitor price 

in both situations is $15. Existing methods 

that consider only the average price of all 

competitors are unable to distinguish such 

situations.

The methodology of incorporating 

competitors’ prices as an input to dynamic 

pricing can have a significant impact on 

the result. By taking a homogenous view 

of competitors’ prices when accounting for 

their influence on a given pricing decision, 

an average is taken from all the competitor 

prices and is applied to the pricing decision.

AVERAGE PRICE AVERAGE PRICE

SCENARIO #1 PRICES SCENARIO #2 PRICES

The average price of the six competitors is 

the same in both scenarios; however, the 

optimal price that maximizes the car park’s 

revenues can be very different. And yet 

current pricing solutions treat them the same 

as they consider the influence on the car 

park’s pricing decision. 

Intelligent pricing solutions will account for 

the price of each competitor individually 

based on inputs from a competitor rate 

monitor. This will overcome the false 

assumptions on the aggregation of 

competitor information and create a clear 

view of the impact that each competitor 

represents to the car park’s pricing decision.

PRICE ELASTICITY IS DIFFERENT AT 

DIFFERENT BUYING HORIZONS 

Price elasticity is different at different price 

points and buying periods, and heavily non-

linear. Any pricing solutions based on static 

demand forecasting where actual pricing is 

driven by forecasted capacity utilization, or 

solutions that do not consider the impact of 

price on both the demand to be priced and 

qualified price insensitive demand, are no 

longer adequate. 

= COMPETITORS
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In most deterministic pricing decision models, 

demand is either known or induced by pricing 

decisions in the period that the demand 

is experienced. However, in more realistic 

market scenarios, “strategic” consumers 

make purchase decisions with respect to 

price, not only in the current period, but 

also in past and future periods. Intelligent 

pricing treats this as a mutual pricing decision 

problem that accounts for the portion of 

demand realized in each period induced by 

the interaction of pricing decisions in the 

current period and in previous periods using 

advanced mathematical models and solution 

techniques. 

WITH SUCH A SOLUTION CAR PARKS WILL: 

•  Have an analytically based approach when 

it comes to defining product variations and 

setting prices

•  Not have to assume that pricing is always 

directly linked to their competitors or that 

in a competitive situation they must match 

pricing actions by competitors

•  Not have to rely on traditional prioritization 

or rule-based systems

Intelligent pricing solutions offer car parks 

the ability to systematically incorporate 

the power of analytics to drive their pricing 

strategies. Such solutions allow them to 

scientifically determine what buyers are 

willing to pay, what changes their behavior, 

and the relationship between demand 

price and product variations presented to 

the buyer in all market segments. Pricing, 

powered by analytics, is much more than 

simply increasing or decreasing prices; it 

allows car park operations to understand and 

utilize complex statistical relationships to set 

business strategies and tactics in an easy to 

use environment.
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