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Motivation

Motivation

Since the first Delta Commission (1956), the Netherlands maintains a
system of exceedance norms for each dyke ring segment
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Motivation

Motivation

e The CBA currently imposes a ‘macroeconomic uncertainty premium’
(3%) and a fixed risk premium for flood events (7,8%)

® Goal: move from pragmatic rule of thumb to a theoretically founded
investment rule, based on optimal discounting of climate damages

® Key references: Pindyck and Wang (2013), Giglio et al. (2021) and
Hong, Wang, and Yang (2023)
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Model

Baseline model

e Continuous-time Epstein-Zin preferences which allow for separate
values of

e p: pure rate of time preference
o 1)~ intergenerational inequality aversion (I1A)

e v: coefficient of relative risk aversion (CRRA)
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Model

Baseline model

® Equilibrium condition

AK; :Ct+IK,t+EH,t (1)

® Stochastic process for output

th = @K(IK’t, Kt)dt + O'thWt — (1 — Ze)thJe,t*

Y (1= Ze)Kiddeir  (2)
=1
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Model

Baseline model

® Flood risk A.; (=arrival rate of J.;) is an exponential function of
the the level of flood protection and sea level rise. Visually:
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Source: Van Dantzig, Econometrica, 1956
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Model

Baseline model

® Stochastic sea level rise along the North Sea Coast is approximated as
a Brownian motion with trend and a skewness parameter:
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Source: Climate Scenarios for the Netherlands, 2023, KNMI
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Results

Analytical solution for long-run flood protection

The optimality condition for the steady state

S a2 Zei ") i)

i=1 1=~ ¢klix) = on )

Where the discount rate adjusted for risk and growth is given by

1
* -1 -1 2 2
T = P + 1/) ge = Ge — 7(1 + ¢ )fyo-total + YOtotal (5)
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Results

Calibration

® \We calibrate the flooding arrival rate and associated damages to
match simulated damages in the applied flood protection literature
(Kolen and Wouters 2007)

® \We calibrate flood protection investment costs from a set of official
studies (KP ZSS, 2023)

Source: LIWO
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Results

Quantitative result

® Flood protection moves almost one-to-one with sea level rise; optimal
investment quickly closes any shortfall.
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Results

Economic uncertainty
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Results

Sea level rise uncertainty

® Sea level rise uncertainty matters to exceedance norms over a
fifty-year horizon, depending on preference parameters
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Research agenda

Transitory shocks

® We have an economic process with only permanent shocks. However,
important theoretical work finds a term structure for the discount rate
of climate damages
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Source: Giglio et al., 2021
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Research agenda

Conclusion

What have we done

® Developed a tractable framework with stochastic flooding events and
within-model uncertainty about economic growth

e Sketched the application of the model to the Netherlands
To do

¢ Find discount rate including climate uncertainty; match with existing
CBA

e Transitory shocks giving rise to a term structure of discount rates

August 27, 2024 14 /14



Research agenda

® Flood risk A2 (=arrival rate of Jo;) is an exponential function of the
the level of flood protection

Ao(Hy,t) = Pye e Ho=¢t) (6)
e By subtracting the time trend from the level of flood protection, we
eliminate time as a state variable
H,=H, — ¢t (7)

e If there is an optimal ‘net’ flood protection level, then A\o(H;) can be
interpreted as the optimal exceedance norm at time ¢

® Model implication: cost of maintaining exceedance norms roughly
linear in extent of long-term sea level rise
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Research agenda

From Pindyck and Wang (2013)

(I, Ki) = ok (in) Ky — 0k Ky (8)

. . . . . .2
For calibration, we will use ¢ (ix ) =K — Orcife

°* We write
Py(Ipy, K, Hy) = ¢u(ipg, Ki) — duH; (9)

For calibration, we will use ¢y (if s, Ki) = %(th — QHZ'%”)
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Research agenda
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Research agenda

Parameter Unit Symbol | Value Source

EIS P 15 Pindyck and Wang
(2013)

CRRA o' 3.066 Pindyck and Wang
(2013)

Diffusion volatility year0-° o 0.1355 Pindyck and Wang
(2013)

Output-capital ratio year™! A 0.113 Pindyck and Wang
(2013)

Initial flood risk year™* P 1.37%1072 | Den Hertog and Roos
(2008)

Flood risk curvature m~! e 5.02 Eijgenraam et al.
(2017)

Flood protection cost m~! v 3.53%1073 | Official figures for
budgeted and pro-
jected spending

Sea level rise cm/year 3 1.4 IPCC (2019)
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Research agenda

e Using the FOCs, the HIB, and the associated envelope condition, we
can characterise the long-run flood protection level H* and
exceedance norm Ao(H™) analytically.

® The solution turns out to resemble a Ramsey rule for stochastic
economic growth

® Standard Ramsey rule: r = p 41~ lg

® Qur risk- and growth-adjusted discount rate

1
t = -1 1\ 2 2
ro= P + ¢ Gexp — YGexp — 5(1 + ¢ )PYUtotal + YOiotal
Impatience rising growing d insurance
affluence damages pruaence
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1
* -1 1y 2 2
b \p"’ +w_ \gex,/p B 5(1 + 97 )V hotal + V0%otal
impatience rising growing d insurance
affluence damages prudence
where
i=nc
ge = Ok (i) — 0k — AE[1 — Z, Z)\“ — Zei]
and

el = 07 + 20E[1 — ZJE[1 — Z} "]+

23" Aei(H)E[1 — Zei|E[1 - 2.7
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Research agenda

e Starting from any H, the flood protection level converges to constant
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Research agenda

® Heterogeneity on the cost side
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