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Infrastructures are vital for our survival and our prosperity. Society uses economics and money to 
organize itself [1,2] and achieve economies of scale with the help of infrastructure [3,4]. Investing in 
infrastructures presents certain risks. These may originate in the macroeconomic environment, 
disrupting the organization of society [5,6].  Interest rates are among the most important elements 
in the calculation of the unit cost of infrastructure. However, engineers commissioned to estimate 
the cost of infrastructure must depend on very broad assumptions of fixed interest rates. In this 
presentation we use stochastic modeling to realistically simulate the macroeconomic environment.

The calculation of unit cost is ultimately the most important factor in the decision-making process. 
The aim is to present a range of possible unit costs to decision makers. Under no circumstances 
should we aim to provided a single prediction which would likely not be precise given the 
unpredictability of real life.



Supplementary-Choosing the data
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To properly adjust the methodology, we chose monthly historical interest rates from the United kingdom for the 
period of 1915-2022 [7]. 
The timeseries was chosen for its reliability as well as for its excellent representation of the impact of a variety of  
historical events to the interest rate. During the period in question [8], the following events took place: 

▪ World War 1
▪ World War 2 
▪ The Spanish Influenza Pandemic 
▪ The COVID-19 Pandemic 
▪ The Great Depression 
▪ The Great Recession

We insist that in such models the data series includes 
pre-WW2 data, since the recent period of economic 
stability has been historically unprecedented.
Real interest rates are derived from the Fisher equation [9] 
in which the inflation rate is subtracted from the nominal 
interest rate of government treasury bonds.



Supplementary-SMA method
The SMA scheme [10,11] is appropriate to preserve any type of dependence.

With the use of the SMA method (Symmetric Moving Average) we can reproduce the HK behavior.

Based on the climacogram we chose the GHK (Generalized Hurst-Kolmogorov) process, which is a particular case 
of the HHK in which:

𝛾 𝑘 =
𝜆

1 + 𝑘/𝑞 2−2𝐻

Where 𝛾 𝑘  is variance, k is the time scale, λ is the variance at this timescale k, H is the hurst parameter and q is 
the characteristic time parameter.

The previous methodology [12] uses the Marcovian framework, in which we produce an Autoregressive Model 
with Lag 1, therefore AR(1).

The AR(1) model was used in a case study of the water supply system of Western Mani [13-19]. 
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Supplementary-Hurst Kolmogorov behavior
The data clearly present Hurst Kolmogorov 
behavior.

We note that even longer timeseries would be 
required to produce better models.

We use the GHK model and estimate the 
parameters:

▪ H=0.85

▪ q=15.36

The monthly data do not present seasonality, 
which gives us the opportunity to use their 
averages in annual timeseries.

5Estimating the risk of large investments using Hurst-Kolmogorov dynamics in interest rates



Supplementary-Synthetic timeseries
• With the use of the parameters, we 

produce synthetic timeseries [20].

• The AR(1) and GHK models produce 
different results. In particular, the 
AR(1) model seems unable to 
reproduce macroeconomic events 
such as periods of extraordinary 
prosperity or the economic aftermath 
of major wars.

• In general, we note the existence of 
prolonged periods of persistently high 
or persistently low interest rates, a 
fact that is not reflected in the AR(1) 
model but is approximated in the GHK 
model.
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Supplementary-Toy Model
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We used a simple toy model to 
simulate the construction and 
operation of a large infrastructure 
project with the lifetime of 50 
years. 
The cost analysis uses the real 
interest rate as the discount rate 
to determine the present value of 
all income and expenses [21] and 
thus determine the cost.
We produced 200 simulations with 
50-year long  timeseries for each 
model and calculated the unit 
cost.



Supplementary-Unit cost calculation
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Supplementary-Results
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The unit cost presents significant larger variation in 
the GHK model. 
The existence of periods of consistently high interest 
rates produce instances in which the unit cost is many 
times higher than the median.
The distribution of the unit costs has a particularly 
“fat tail” in which unlikely events may take place and 
radically increase the unit cost.



Supplementary-Discussion and conclusions
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• The unit cost is extremely sensitive to interest rates. 
• Furthermore, interest rates present very high Long-Term Persistence (LTP).
• Therefore, this characteristic needs to be included in long term economic calculations of infrastructure 

investments to properly simulate the financial risk.
• Commitment towards an infrastructure project is an extremely risky act, in a financial sense. As such, 

infrastructure investments require both long-term thinking and confidence.
• Confidence from decision makers relies in public participation, rationality and competence. Properly designed 

built and operated infrastructure can survive extraordinary financial events.
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