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A. Pseudocode

Algorithm 1 Forward Monte Carlo evaluation of a specified policy π
1: Input initial state S0 = {X0, F0, E0}
2: Input policy π, horizon T , step ∆t, discount factor γ
3: Input number of replications N , parameter sets ΘX ,ΘF ,ΘE

4: for n = 1 to N do
5: Set t← 0
6: Set S(t)← S0

7: Initialise discounted outputs and trajectory indicators
8: while t < T do
9: Observe current state S(t)
10: Apply policy at ← π(S(t))
11: Realise stochastic drivers ξt+∆t

12: S(t+∆t)← UpdateState(S(t), at, ξt+∆t,Θ
X ,ΘF ,ΘE)

13: Record r(S(t), at)
14: Record selected indicators from S(t), at, and S(t+∆t)
15: t← t+∆t
16: S(t)← S(t+∆t)
17: end while
18: Compute discounted trajectory outputs for replication n
19: Store replication results
20: end for
21: Aggregate replications to estimate Ψ(S0, π), distributions, shortfall probabilities, and summary

statistics
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Algorithm 2 Coupled state update UpdateState
1: Input current state S(t) = {X(t), F (t), E(t)}
2: Input action at = (aPt , a

F
t , a

E
t )

3: Input realised drivers ξt+∆t, parameter sets ΘX ,ΘF ,ΘE

4: Decompose S(t) into X(t), F (t), and E(t)
5: (X(t+∆t), χX

t+∆t)← PhysicalUpdate(X(t), aPt , ξt+∆t,Θ
X)

6: (E(t+∆t), χE
t+∆t)← EnvironmentalUpdate(E(t), X(t+∆t), aEt , ξt+∆t,Θ

E)
7: F (t+∆t)← FinancialUpdate(F (t), X(t+∆t), E(t+∆t), aFt , χ

X
t+∆t, χ

E
t+∆t, ξt+∆t,Θ

F )
8: Assemble S(t+∆t)← {X(t+∆t), F (t+∆t), E(t+∆t)}
9: Return S(t+∆t)

Algorithm 3 Physical update
1: Input physical state X(t) = {xt, st}
2: Input physical action aPt , realised drivers ξt+∆t

3: Input physical parameters ΘX

4: Extract realised demand Dt+∆t from ξt+∆t

5: Compute time varying event intensity λ(u; ΘX)

6: Compute event probability p
[t,t+∆t]
ev

7: Draw event occurrence Ievt+∆t ∼ Bernoulli(p
[t,t+∆t]
ev )

8: Compute deterioration increment δt+∆t ← δX(X(t), Dt+∆t; Θ
X)

9: Compute maintenance restoration Mx(a
P
t ) and maintenance cost CM

t+∆t from aPt and ΘX

10: if Ievt+∆t = 1 then
11: Compute realised event loss Lx

t+∆t from X(t), aPt , and ΘX

12: Compute realised event repair cost Cev
t+∆t from X(t), aPt , and ΘX

13: else
14: Set Lx

t+∆t ← 0
15: Set Cev

t+∆t ← 0
16: end if
17: Update condition xt+∆t ← xt − δt+∆t +Mx(a

P
t )− Lx

t+∆t

18: Bound xt+∆t to the interval [0, 1]
19: Update service st+∆t ← sX(xt+∆t; Θ

X)
20: Set X(t+∆t)← {xt+∆t, st+∆t}
21: Set χX

t+∆t ← {CM
t+∆t, C

ev
t+∆t}

22: Return (X(t+∆t), χX
t+∆t)
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Algorithm 4 Environmental update

1: Input environmental state E(t) = {et, ēt, pCt }
2: Input updated physical state X(t+∆t) = {xt+∆t, st+∆t}
3: Input environmental action aEt , realised drivers ξt+∆t

4: Input environmental parameters ΘE

5: Update carbon price pCt+∆t ← pE(pCt , ξt+∆t; Θ
E)

6: Compute action adjusted emissions factor ηEt+∆t ← ηE(a
E
t ; Θ

E)
7: Compute period emissions et+∆t ← eE(X(t+∆t), ηEt+∆t, ξt+∆t; Θ

E)
8: Update cumulative emissions ēt+∆t ← ēt + et+∆t

9: Compute environmental cash charge CE
t+∆t ← CE(et+∆t, p

C
t+∆t, a

E
t , ξt+∆t; Θ

E)
10: Set E(t+∆t)← {et+∆t, ēt+∆t, p

C
t+∆t}

11: Set χE
t+∆t ← {CE

t+∆t}
12: Return (E(t+∆t), χE

t+∆t)

Algorithm 5 Financial update
1: Input financial state F (t) = {ct, DSt, DSCRt}
2: Input updated physical state X(t+∆t) = {xt+∆t, st+∆t}
3: Input updated environmental state E(t+∆t) = {et+∆t, ēt+∆t, p

C
t+∆t}

4: Input financial action aFt , realised drivers ξt+∆t

5: Input auxiliary outputs χX
t+∆t = {CM

t+∆t, C
ev
t+∆t}, χE

t+∆t = {CE
t+∆t}

6: Input financial parameters ΘF

7: Compute operating revenue Rt+∆t ← RF (X(t+∆t), E(t+∆t), aFt , ξt+∆t; Θ
F )

8: Compute scheduled debt service DSt+∆t ← DSF (t+∆t, F (t), aFt , ξt+∆t; Θ
F )

9: Compute operating and recovery outflow CO&M
t+∆t ← CM

t+∆t + Cev
t+∆t

10: Compute CFADSt+∆t ← Rt+∆t − CO&M
t+∆t − CE

t+∆t

11: if DSt+∆t > 0 then
12: Compute DSCRt+∆t ← CFADSt+∆t/DSt+∆t

13: else
14: Set DSCRt+∆t ← +∞
15: end if
16: Compute policy induced financial adjustment Bt+∆t(a

F
t , ξt+∆t)

17: Update available cash ct+∆t ← ct + CFADSt+∆t −DSt+∆t +Bt+∆t(a
F
t , ξt+∆t)

18: Set F (t+∆t)← {ct+∆t, DSt+∆t, DSCRt+∆t}
19: Return F (t+∆t)
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