
Merton default probability under climate shocks
Mathematics of green finance risk management

Formulas
lognormal assets ln VT = ln V + (µ − σ2/2) T + σ

√
T Z, with Z ∼ N(0, 1)

distance to default DD = [ln(V/D) + (µ − σ2/2) T ]/(σ
√

T ); P D = Φ(−DD)
asset shock s V → V (1 − s), ∆DD = ln(1 − s)/(σ

√
T ), DD1 = DD0 + ∆DD

equity, a call on V E = V Φ(d1) − D exp(−rT ) Φ(d2), d1 = [ln(V/D) + (r + σ2/2)T ]/(σ
√

T ), d2 = d1 − σ
√

T
equity volatility σE E = Φ(d1) σV
calibration first guess V0 = E + D exp(−rT ), σ0 = σEE/V0; update Vk+1 = [E + D exp(−rT ) Φ(d2)]/Φ(d1) and

σk+1 = σEE/[Φ(d1)Vk+1], with d1, d2 at Vk, σk

PD rise ∆P D = Φ(−DD1) − Φ(−DD0) ≈ φ(x̄) |∆DD|, x̄ = (DD0 + DD1)/2; φ(x) = e−x2/2/
√

2π

Coal, Cement and Steel
V , USD m D, USD m D/V , % σ, % loss s, % DD0 PD, % E, USD m σE , %

Coal, coal power plant 2,600 1,430 55 20 15.4 3.139 0.085 1,212 42.9
Cement, cement works 1,000 350 35 35 17.3 2.967 0.150 660 53.0
Steel, steel mill 3,600 2,340 65 20 9.3 2.304 1.061 1,331 53.6
Three firms of the six-firm book: six stylised firms (Coal, Cement, Steel, Port, Rice, Solar) with their inputs. Drift µ = 5%, risk-free rate r = 3%,
T = 1 year. The loss s is minus the five-year Climate VaR, 2026 to 2030, Orderly path: Coal −15.4%, Cement −17.3%, Steel −9.3%. Stylised
values.

Exercise, in pairs, eight minutes
For each firm: the distance to default DD0 and the PD; ∆DD and DD1 after the shock; the PD after the shock and its
rise in percentage points. Which PD rises more, and which input decides it?

V , USD m D, USD m σ, % shock s, %

aluminium smelter 1,500 600 30 15
oil refinery 2,000 1,400 18 8

Check values. The smelter’s DD0 is 3.071. The refinery’s ∆DD is −0.463. Stylised values.

Normal tail Φ(−x), per cent
x Φ(−x) x Φ(−x) x Φ(−x) x Φ(−x) x Φ(−x)

1.00 15.866 1.50 6.681 2.00 2.275 2.50 0.621 3.00 0.135
1.05 14.686 1.55 6.057 2.05 2.018 2.55 0.539 3.05 0.114
1.10 13.567 1.60 5.480 2.10 1.786 2.60 0.466 3.10 0.097
1.15 12.507 1.65 4.947 2.15 1.578 2.65 0.402 3.15 0.082
1.20 11.507 1.70 4.457 2.20 1.390 2.70 0.347 3.20 0.069
1.25 10.565 1.75 4.006 2.25 1.222 2.75 0.298 3.25 0.058
1.30 9.680 1.80 3.593 2.30 1.072 2.80 0.256 3.30 0.048
1.35 8.851 1.85 3.216 2.35 0.939 2.85 0.219 3.35 0.040
1.40 8.076 1.90 2.872 2.40 0.820 2.90 0.187 3.40 0.034
1.45 7.353 1.95 2.559 2.45 0.714 2.95 0.159 3.45 0.028

Between two rows, interpolate on a straight line. Φ(x) = 1 − Φ(−x): for d1 = 2.00, Φ(d1) = 1 − 0.02275 = 0.97725.

Glossary
PD probability of default within the horizon, here one

year
DD distance to default: standard deviations of ln VT

between its mean and ln D
call option the right to buy at the strike; equity is a call on V

with strike D
delta ∂E/∂V = Φ(d1), the change in equity per unit of

assets
fixed point the V and σ that the update returns unchanged VaR value at risk; a Climate VaR is the change in value

on one scenario path, negative for a loss
hot house world a scenario with current policies only and the most

warming
orderly transition a scenario of early, gradual climate policy

ECB European Central Bank BCBS Basel Committee on Banking Supervision
By 2050 the median firm’s PD is 5.5% higher in a hot house world than in an orderly transition, and almost 25% higher for the median of the
tenth of firms with the most physical damage; both are relative changes.
Alogoskoufis, S., Dunz, N., Emambakhsh, T., Hennig, T., Kaijser, M., Kouratzoglou, C., Muñoz, M. A., Parisi, L. and Salleo, C. (2021),
ECB economy-wide climate stress test: Methodology and results, ECB Occasional Paper No 281, September 2021, section 5.3, p. 44, read
1 October 2026. Alogoskoufis, S., Dunz, N., Emambakhsh, T., Hennig, T., Kaijser, M., Kouratzoglou, C., Muñoz, M. A., Parisi, L. and Salleo,
C. (2021), ECB economy-wide climate stress test: Methodology and results, ECB Occasional Paper No 281, September 2021, section 5.5, p. 49,
read 1 October 2026.



Licence and attribution

Merton default probability under climate shocks, formula and exercise
sheet - Mathematics of Green Finance Risk Management, Lecture 4

Co-funded by the European Union. Published by the GREEN FINANCE
project, an Erasmus+ Capacity Building in Higher Education action,
grant agreement 101237817.

Free to use, copy and adapt under Creative Commons Attribution 4.0
International (CC BY 4.0), creativecommons.org/licenses/by/4.0/.
Attribute it to the GREEN FINANCE consortium, Erasmus+ grant
101237817.

This copy was published at
https://digital-ai-finance.github.io/Green-Finance/teaching/module4-mat
hematics/M4_Mathematics_L4_Sheet.pdf

The project site is https://digital-ai-finance.github.io/Green-Finance. A
question about this file goes to joerg.osterrieder@utwente.nl.

Funded by the European Union. Views and opinions expressed are
however those of the author(s) only and do not necessarily reflect
those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can
be held responsible for them.

Licence page added 2 October 2026.


