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  ABSTRACT    

 

This study aims to develop a practical methodology for applying Reference Class 

Forecasting (RCF) in financial and economic appraisal of railway projects. This 

methodology expands the scope of RCF data to include investment costs, operation 

and maintenance costs, revenues, and socio-economic benefits, in addition to 

providing a systematic framework for sensitivity analysis based on actual reference 

data rather than traditional estimated ratios. The study used reference data issued by 

the UK Department for Transport as a practical model, given the absence of reliable 

local databases. The methodology was tested on a railway project in Syria. The results 

demonstrated how the proposed methodology can be used practically in Syria to 

improve the accuracy of estimates and provide a more realistic basis for supporting 

investment decisions in unstable environments. The study recommends the need to 

develop local reference classes in the future, which would enhance the compatibility 

of this methodology with the economic specificities of developing countries. The study 

also highlights the need to develop complementary tools that take into account the 

risks inherent in the Syrian context, such as exchange rate volatility and resource 

shortages, to mitigate the impact of these risks on economic feasibility results. 

Keywords: Transport Infrastructure Projects, Poor Performance, Outside View, Reference 

Class Forecasting, Uncertainty. 
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(Korytárová and Hromádka, 2021; Sasidharan et al., 

2022)

(Cruz and Sarmento, 

2020; Flyvbjerg and Bester, 2022; Baerenbold, 2023; Wang and Levinson, 2023) 

(Amos and Abbasi, 2020; Park, 2021; Servranckx et al., 2021; 

Flyvbjerg and Bester, 2022; Baerenbold, 2023; Vanhoucke, 2023)

Reference Class ForecastingRCF

(Baerenbold, 2023; Zani et al., 2024)

(Park, 2021; Servranckx et al., 2021; Baerenbold, 2023; Zani et al., 2024)

RCF

(DFT; TAG-Unit A1.2, 2022)(TII, 

2020)(NSW Treasury, 2023)

(TII, 2020)RCF

(Baerenbold, 2023)Park(2021)

RCF

RCF

RCF

RCF

RCF

(Budzier et al., 2018; OGP, 2020; Robinson, 2021)

RCF

(Baerenbold, 2023)
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(Servranckx et al., 2021; 

Vanhoucke, 2023)Servranckx(2021)RCF

Vanhoucke(2023)

 Zani 

(2024)(RCF)

.(Love et al., 2021; Baerenbold, 

2023)RCF

RCF

RCF

 

RCF

RCF

TAG Unit A1.2, Scheme Costs(2022)
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(DFT; TAG-Unit A1.2, 2022, p. 15) 

SOBCOBC

FBC

Rail

SOBC

(DFT; TAG-Unit A1.2, 2022, p. 16) 

SOBCOBCFBC

Roads 

Rail 

Fixed links

Building projects

IT projects

Land and property

Rolling Stock

Oxford Global ProjectsOGP

(OGP, 2020)

P5P95

(TAG: Optimism Bias Workbook, 2021)

RCF

(OGP, 2020)

Rail

Roads

Fixed links

Building projects

IT projects

Land and property
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RCF

(Servranckx et al., 2021)

(NIC, 2020)

(DFT; TAG-Unit A1.2, 2022) 
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Case study

 

  

SOBC

MÁV(MÁV Planning Institute)

(2004)

(Groom et al., 2022)

€

  
 

 
  

0 0 0 0 0 0 

1 7.044 0 0 0 0 

2 21.131 0 0 0 0 

3 21.131 0 0 0 0 

4 21.131 0 0 0 0 

5 0 3.728 12.522 2.319 9.126 

6 0 3.878 13.061 2.469 9.878 

7 0 4.027 13.599 2.618 10.665 

8 0 4.177 14.138 2.768 11.488 

9 0 4.326 14.677 2.917 12.35 

10 0 4.476 15.215 3.067 13.251 

11 0 4.625 15.754 3.216 14.166 

12 0 4.775 16.292 3.366 15.121 

13 2.882 4.924 16.831 3.515 16.115 

14 2.882 5.074 17.9 3.665 17.692 

15 0 5.223 17.908 4.429 19.344 

16 0 5.402 18.793 4.607 20.463 

17 0 5.581 19.678 4.786 21.602 
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18 0 5.759 20.563 4.964 22.762 

19 0 5.938 21.448 5.143 23.943 

20 0 6.116 22.333 5.321 25.145 

21 0 6.295 23.218 5.5 26.37 

22 0 6.473 24.103 5.678 27.616 

23 0 6.652 24.988 5.857 28.885 

24 0 6.83 25.873 6.036 30.176 

25 0 7.009 26.758 6.214 31.49 

26 0 7.188 27.643 6.393 32.828 

27 0 7.366 28.528 6.571 34.19 

28 0 7.545 29.413 6.75 35.575 

29 0 7.723 30.298 6.928 36.985 

30 0 7.902 31.183 7.107 38.419 

31 0 8.08 32.068 7.285 39.879 

32 0 8.259 32.953 7.464 41.364 

33 11.345 8.437 33.838 7.643 42.875 

34 11.345 8.616 34.723 7.821 44.412 

35 0 8.795 35.608 8 45.975 

 50.152 

 

 

TAG Unit A1.2, Scheme Costs(2022)

  

 

 

 €) 

 92.052 

5.200 

1.639 
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TAG Unit 

A1.2, Scheme Costs(2022)MÁV

SOBC

 

  

  

 93.08%

5.26% 

1.66% 

 100%

 

P-value

SOBC

 

P-value

نسبة التعديل ×

P-value

 

P-value

P-value

P70

− × 58.51%  =54.45%

− × 
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− ×

P70

P70

P-valueP5P95

RCF(TAG: Optimism Bias Workbook, 2021)

P

SOBS

(TAG: Optimism Bias Workbook, 2021) المنهجية المقترحة 

P5 5% -29.15% -92.48% -27.65% -75.17% 62.56% -32.46% 

P10 10% -19.54% -86.95% -20.42% -65.78% 33.60% -23.10% 

P15 15% -10.77% -72.36% -10.12% -61.91% 16.03% -13.99% 

P20 20% -7.74% -60.84% -7.09% -55.05% 8.40% -10.53% 

P25 25% -2.73% -43.73% -2.73% -43.04% 1.00% -4.89% 

P30 30% 3.04% -39.84% 1.40% -39.09% -4.30% 0.76% 

P35 35% 6.00% -24.74% 3.97% -36.46% -12.70% 4.35% 

P40 40% 9.01% -15.52% 9.00% -23.92% -18.36% 7.72% 

P45 45% 13.07% -10.09% 12.00% -14.74% -25.58% 11.83% 

P50 50% 19.00% 3.42% 13.33% -10.39% -30.00% 18.09% 

P55 55% 24.00% 5.62% 18.38% -3.78% -37.10% 22.94% 

P60 60% 32.61% 8.07% 22.00% 0.61% -42.74% 31.15% 

P65 65% 51.73% 22.01% 48.43% 11.16% -50.00% 50.11% 

P70 70% 58.51% 52.77% 57.25% 16.98% -53.62% 58.19% 

P75 75% 98.53% 69.84% 100.88% 23.11% -58.00% 97.06% 

P80 80% 121.15% 113.07% 145.10% 39.87% -64.38% 121.12% 

P85 85% 138.00% 120.82% 190.16% 51.52% -69.00% 137.96% 

P90 90% 267.06% 239.25% 376.46% 76.47% -75.00% 267.41% 

P95 95% 319.15% 310.39% 447.63% 97.52% -81.35% 320.82% 

RCFSOBC

(TAG: Optimism Bias Workbook, 2021)
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P65P70

Normalisation

P70Mean

RCFP70

 

P5P953

 

P-value

×

P70

P70

P70×

 

P5P95

RCF-P70

RCF-P70

RCF-P70×

 

P5P95

 

P-value
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P5P95

 

P-value

P70

P70

P70

×

 

 P-value

TAG Unit A1.2, Scheme Costs

(2022)P-value

TAG Unit A1.2 (2022)

Optimism Bias Workbook(2021)

Mean

TAG Unit A1.2

SOBCOptimism Bias Workbook

SOBC

• TAG Unit A1.2

P65P70

Optimism Bias Workbook

• TAG Unit A1.2

P65P70

Optimism Bias Workbook

• TAG Unit A1.2

P70P75وتقع ضمن المجال 

Optimism Bias Workbook 
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TAG Unit A1.2P70

P-value 

  
Optimism Bias 

Workbook: P65 

TAG Unit 

A1.2: Mean 

Optimism Bias 

Workbook: P70 

TAG Unit 

A1.2: Mean 

Optimism Bias 

Workbook: P75 

 51.73% 56% 58.51%   

 22.01% 33% 52.77%   

   57.25% 70% 100.88% 

P70

P70

 P70 €

  
 

 
  

0 0 0 0 0 0 

1 11.142 0 0 0 0 

2 33.427 0 0 0 0 

3 33.427 0 0 0 0 

4 33.427 0 0 0 0 

5 0 4.362 5.807 2.713 4.232 

6 0 4.537 6.057 2.888 4.581 

7 0 4.711 6.307 3.063 4.946 

8 0 4.886 6.557 3.238 5.328 

9 0 5.061 6.807 3.412 5.728 

10 0 5.236 7.056 3.587 6.145 

11 0 5.411 7.306 3.762 6.570 

12 0 5.586 7.556 3.937 7.013 

13 4.559 5.761 7.806 4.112 7.474 

14 4.559 5.936 8.302 4.287 8.205 

15 0 6.111 8.305 5.181 8.971 

16 0 6.319 8.716 5.390 9.490 

17 0 6.528 9.126 5.598 10.018 

18 0 6.737 9.537 5.807 10.556 

19 0 6.946 9.947 6.016 11.104 

20 0 7.155 10.358 6.225 11.662 

21 0 7.364 10.768 6.434 12.230 

22 0 7.573 11.178 6.643 12.808 

23 0 7.782 11.589 6.852 13.396 

24 0 7.991 11.999 7.061 13.995 

25 0 8.199 12.410 7.269 14.604 

RCF 
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26 0 8.408 12.820 7.478 15.225 

27 0 8.617 13.231 7.687 15.856 

28 0 8.826 13.641 7.896 16.499 

29 0 9.035 14.051 8.105 17.153 

30 0 9.244 14.462 8.314 17.818 

31 0 9.453 14.872 8.523 18.495 

32 0 9.662 15.283 8.732 19.184 

33 17.947 9.870 15.693 8.941 19.884 

34 17.947 10.079 16.104 9.149 20.597 

35 0 10.288 16.514 9.358 21.322 

 79.334 

 

PW 

IRRP70

PW(Sullivan et al., 2019; Liu, 

2022) 

𝑃𝑊(𝑖%) = ∑
𝐹𝑘

(1 + 𝑖)𝑘

𝑛

𝑘=0

=  −71.38 (𝑀𝑖𝑙𝑙𝑖𝑜𝑛 𝐸𝑢𝑟𝑜) < 0

IRR(Liu, 2022)

𝑃𝑊 = ∑
𝐹𝑘

(1 + 𝐼𝑅𝑅)𝑘

𝑛

𝑘=0

= 0 →   𝐼𝑅𝑅 =  0.93% < 12%

𝐹𝑘k𝑖n

𝐹𝑘

𝐹𝑘 = 𝑅𝑘 − 𝐼𝑘 − 𝑂&𝑀𝑘                    ∶ 𝑘 = 1,2, … . , 𝑛 − 1
𝐹𝑘 = 𝑅𝑘 − 𝐼𝑘 − 𝑂&𝑀𝑘 + 𝑅𝑉𝑛       ∶ 𝑘 = 𝑛  

𝑅𝑘k𝐼𝑘k𝑂&𝑀𝑘

k𝑅𝑉𝑛

 

PW

 IRRBCR

P70
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PW(Sullivan et al., 2019; Liu, 2022)

𝑃𝑊(𝑖%) = ∑
𝐹𝑘

(1 + 𝑖)𝑘

𝑛

𝑘=0

=  −65.37  (𝑀𝑖𝑙𝑙𝑖𝑜𝑛 𝐸𝑢𝑟𝑜) < 0

IRR(Liu, 2022)

𝑃𝑊 = ∑
𝐹𝑘

(1 +  𝐼𝑅𝑅)𝑘

𝑛

𝑘=0

= 0 →   𝐼𝑅𝑅 =  2.87 % < 12%

𝐹𝑘k𝑖n

𝐹𝑘𝑅𝑘

k𝐼𝑘k𝑂&𝑀𝑘k

𝑅𝑉𝑛

BCR(Sullivan et al., 2019)

𝐵/𝐶 =
𝑃𝑊(𝐵)

𝑃𝑊(𝐼) +  𝑃𝑊(𝑂&𝑀) −  𝑃𝑊(𝑅𝑉)
 = 0.38 < 1 

PW(B)PW(I)

PW(O&M)PW(RV)

 

P70

MÁV

MÁV

  

RCF-

P70 

PW = -71.38 Million Euro < 0 

IRR = 0.93% < 12% 

PW = -65.37 Million Euro < 0 

IRR = 2.87 % < 12% 

BCR = 0.38 < 1 

MÁV 

(200 ) 

PW = 9.53 Million Euro > 0 

IRR = 13.85 % > 12% 

PW = 12.56 Million Euro > 0 

IRR = 14.13% > 12% 

BCR = 1.26 > 1 

MÁV

P70

MÁV

MÁV
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MÁV

MÁV

P70P70

MÁV

MÁV

MÁV

P70

 

 
€ 

€)

 92.052 93.08%53.563

 5.200 5.26%3.026

 1.639 1.66%0.954

 98.892 100% 57.542 

Denicol(2020)
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P-value

P-value

 

P70

P70

 P70P65 

 P65

 

 P65

 P60P55

P35

 

 

 

  

RCF-P65
PW = -62.49 Million Euro < 0 

IRR = 2.21% < 12%

PW = -56.95 Million Euro < 0 

IRR = 3.96% < 12% 

BCR = 0.43 < 1

RCF-P35 
PW = 6.35 Million Euro > 0 

IRR = 13.07 % > 12% 

PW = 7.81 Million Euro > 0 

IRR = 13.17% > 12% 

BCR = 1.12 > 1 

 

MÁV
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P35

MÁV 

 

 

 

MÁVP35 

    IRR PW (Million €) 

MÁV (200 ) +20% - - 12.19% - 

MÁV (200 ) - - -10% 12.77% - 

RCF-P35 +4.35% -36.46% -12.70% 13.07% 6.345 

 

MÁV

MÁV

MÁVP35 

 
  

 IRR PW BCR 

MÁV (200 ) +10% - -10% 12.4% - - 

RCF-P  +4.35% -36.46% -12.70% 13.17% 7.81 Million € 1.12 

 

 

 

MÁV

• 

(EU_Commission, 2020; Razavi et al., 2021)

±±

RCF 

• 
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P-

valuesRCF(Harenberg et al., 2019; 

Saltelli et al., 2019; EU_Commission, 2020; Razavi et al., 2021) 

• 

(Harenberg et al., 2019; Saltelli et al., 2019; EU_Commission, 

2020; Razavi et al., 2021)

(Amos and Abbasi, 2020; Cruz and Sarmento, 2020; 

TII, 2020; Flyvbjerg and Bester, 2022)

 

• 

(Ćetković et al., 2020; Benardos et al., 2021)

 

RCF(DFT; TAG-Unit A1.2, 2022)

RCF

RCF

 RCF

 

RCF

 RCF
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