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How can science contribute?



Guiding questions

| How can we quantify and model climate-change related economic
consequences at the forest enterprise level? What are the main challenges?

How could we improve ecological-economic modelling to contribute to
supporting manaement decisions in a changmg cllmate?




Modelling economic effects of climate change at the forest enterprise level

Changing - Biophysical Economic Compare
climate . consequences consequences Scenarios
scenario
= Species = Changing disturbance
distribution/mixture patterns Short term Long term
= Harvesting and thinning = Forest growth
schedule = Specles distributions * Loss of standing * Premature harvest
" Scenarios: BAU and stock ¢ Changes in species

alternatives, derived

from Stakeholder

Decrease in wood

composition?

prices e Future growth and
workshops Increase in survival?
N harvesting costs e Wood price
Main challenges Increase in fluctuations?
monitoring costs * Increased
1. Include uncertainty in future returns in decision-making Liquidity monitoring costs?

2. Limits of scenario analysis
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Changes in mean returns and their uncertainty




Gmdmg questlons

How can we uantlf and model cllmate change related economic

consequences at the forest enterprise level? What are the main challenges?

1.
2.

Include uncertainty in decision-making
Limits of scenario analysis

- AT T R G S s P Y il N ‘shu;_
How could we improve ecological-economic modelling to contribute to
supporting manaement decision in a changing climate?
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The example of tree species selection under climate change




Example application: Quantifying changes in survival probabilites

0. = Dataset: Level I+l ICP Data, German Crown
Condition Survey
Effect of climate change = Method: Survival time analysis using

0751 _ Weibull distribution parametrized by
z Treespecies  Accelerated failure time model
S — Beech
% - gsﬂ:&ﬁr = Example application for Northwestern
80501 Germany (1.100 mm mean annual
g Climate precipitation and 7.1°C mean annual
g — 1970 temperatur)
n - RCP85

0.251

0.001

0 a0 100 150 200
Age [years] Wa%%imafonds

Gefordert durch:

* Bundesministerium  Bundesministerium
2 | fir Emahrung fiar Umwelt, Naturschutz
wheit

und Landwirtschaft und nukleare Sicherheif

Project SURVIVAL-KW
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Example application: Incorporating risks into tree species selection under climate change

Annuity €/ha/year

Survival probabilites +

450

Higher returns are
400 | associated with higher
3509 | €conomic risks
300 Minimizing economic

risks also minimizes
250 |[economicreturn N
200
150
100

50 ®
0
0 20 40 60 80

Risk (Standard deviation of annuity) €/ha/Jahr
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Data taken from Paul and Benfer (2019): AFZ Der Wald, Example site: North-Western Germany, Discount rate 1.5%
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Wood price fluctuations

economic
consequences
Douglas fir ~ e
3 ™, iy £ e — Douglasie
il ; " g o v
‘ -é 0l
A Spruce — - - B ¢ 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Age [yearst
)yl
Monte-Carlo simulation
® Beech (incl. \/
Subsidies)
. .. 2
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Example application: Incorporating risks into tree species selection under climate change

450

Higher returns are . # Douglas fir It is not so much about
400 | associated with higher e A Spruce reducing economic risks but
350 |€conomic risks Effect of rather about balancing risks
< 300 |Minimizing economic c::mate 'SBGEC_Z_“”)CI' and returns
g risks also minimizes change ubsidies .
S 250 |economic return Oak (incl. Subsidies)
o A , Species selection depends on
2 200 A # Douglas fir (RCP i I '
5 8.5) risk attitude of the decision-
Z 150 A Spruce (RCP 8.5) maker
100 @ Beech (RCP 8.5)
0 o Open question: What is a
W Oak (RCP 8.5 . -
a( ) desirable species
0 e .
0 20 10 €0 20 100 composition to balance risk

and returns?

Risk (Standard deviation of annuity) €/ha/Jahr
Accepted level of risk

Example taken from Paul and Benfer (2019): AFZ Der Wald, Example site: North-Western Germany, Discount rate 1.5% 9



Normative modelling as a complement to scenario analysis

Changing Biophysical Economic Maximizes
climate ‘1 consequences consequences objective?

Continuous Set objective function:
manage- e Balancing risk and return: (e.g. Risk-averse utility

ment function, Value at Risk, Sharpe ratio etc.!
scenarios e Option values?

Nonlinear optimization algorithms/
Robust optimization algorithms®

Main challenges

1. Include uncertainty in decision-making

.l £ ! s 1 Matthies et al. (2019) JEM 231: 926-939
2. Limits of scenario ana ysis 2Schou et al. (2015) For. Pol. Econ. 50, 11-19
@ GEORG-AUGUST-LUNIVERSITAT 3 Paul et al- (2019) Ann. For. SC. 76:14
GOTTINGEN
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Optimized species compositions for different risk levels

Current climate

100%
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% —
16 20 24 28 32 36 40 44 48 52 56 60 64 68 7

Standard deviation of annuity (€/ ha*a)
Accepted level of risk

B Spruce
m Beech

= Douglas fir

(Area) Share of different tree species
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Optimized species compositions for different risk levels

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

(Area) Share of different tree species
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“Pure stands portfolio” (Block mixture)
Current climate

1.004

B Spruce
m Beech

m Douglas fir

Survival probability

=

|

w
\

Effect of tree mixture on
survival probability

=

wn

=]
I

Tree species

2 = Beech
Douglas fir
0 Spruce

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
Standard deviation of annuity (€/ ha*a)

=

e

3]
\

0.004

0

Unpublished data based on method by Paul et al. (2019) Ann For Sc 76:14

50 100 150 200
Age [years]

Accepted level of risk Accepted level of risk

* 70% Doug, 10% Sp, 20% Be
* 50% Doug, 30% Sp, 20% Be
* 40% Doug, 40% Sp, 20% Be
* 10% Doug, 20% Sp, 70% Be
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Optimized species compositions for different risk levels

“Mixed stand portfolio” (including mixed stands)
Current climate

" s
pruice + 65% In expected

return at the same

risk level when

considering mixed
| stands

m Beech

m Douglas fir

0
Q
o
@
o
”
o
o
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=
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S
3
<
n
)
5}
S
<

16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70
Standard deviation of annuity (€/ ha*a) Standard deviation of annuity (€/ ha*a)

Accepted level of risk Accepted level of risk
Species mixtures are essential to reduce economic risks
— How to select the level of accepted risk?
= What is the effect of climate change on such an optimized portfolio?




Optimized species compositions of a risk-averse decision-maker under climate change

= Objective: Maximize Value at Risk = Maximize return that is exceeded in 99% of the simulated cases

Current climate RCP 8.5

’ 75% Doug ‘ 69% Doug

. ‘ 13% Beech 18% Beech
| - Conifers

12% Spruce 13% Spruce
I Expected ,robust return” -8% 1 - Pure stands
+ Broadleaves
+ Mixed stands with

equal shares
— Normative modelling offers an objective selection out of a continous set of options, irrespective of
,wWhat there is“

But -17% if considering pure stands only

— Not useful as an ultimate ,,recommendation” but rather to reveal generalizable effects




Optimized species compositions of a risk-averse decision-maker considering multiple functions

Economic objective only

Multiple ecosystem services

50% Sp 50%

Be
70% Sp 30% ‘
Be '

80% Sp 20%
Be

Norway
spruce

|

50% Sp 50%

European
70% Sp 30ty Be ~|5‘eech
Be
80% Sp 20% Oak
Be
Norway
spruce

Douglas fir

Scots pine Douglas fir

See Poster Session 4(5)
Claudia Chreptun
FOREXCLIM

Economic effects of diversification
(but only economic indicator)

Considering multlple ecological and
economic indicators and their uncertainty
(Annuity, Carbon stock, deadwood, annual
increment)
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Knoke, T.; Messerer, K.;

Paul, C. (2017): Current Forestry Reports 2(3): 93-106.




Guiding questions

How can we quantify and model climate-change related economic
consequences at the forest enterprise level? What are the main challenges?

How could we improve ecological-economic modelling to contribute to
supporting manaement decisions in a changing climate?

RN & R ¢ i I‘“ ’

What are the key factors driving economic mitigation potential?




The example of species selection — lessons learned

What are the key factors driving economic mitigation potential?

“Mixed stand portfolio” (including mixed stands)
Current climate

= Objective function of the normative model

= Alternatives offered to the model

33383883888

= |ndividual risk attitude

MW141822263034 2042465054 506286 T0

= Classic economic coefficients

1 o . &l =1 o]
A 4 ) e = 2!

—> Planting costs: What are the upper limits for a

w
. . .. . . L 009 l
species for inclusion in the optimized portfolio? o
S 0.8 - ®| RCP 8.5
. . ()]
* Wood prices and fluctuations g 07 -
g 08
—> What are the lower limits for inclusion in the 2505 ¢
oYY
. . . . ? pus t
optimized tree species portfolio~ €804 - T Planting costs of spruce
R e e . S 03 - .
= Combinations of mitigation options? g 0o ~5-Correlation
G ’ Accepted level of risk
© 01 -
a —=—Discount rate
m 0 T T T T T
075 05 025 0 +025 +050 +075

Relative change (0 = baseline assumption)
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What are the key factors driving economic mitigation potentials?

The importance of combining mitigation options

= Risk and return of different optimized species compositions under different mitigation options

« 200 M + SC* + RP* . bau: business-as-usual

8 + BBM + Dou* climate Changp;f M: mixed stands (with species interaction)
> z ; Be (30%): admixing 30 % beech
E 175 M + SC* + RP* M+3C* + RP* pid SC*: optimized species composition
£ : . + BBM ’ RP*: optimized rotation period

W + BBM + Dou (30%) A"‘“ja_ﬁ__‘h_ BBM BBM: bark beetle management

> 1301 Dou (30%) e RP* Dou (30%): admixing 30 % Douglas fir

b bau-M J0 Dou*: optimized share of Douglas fir (here: 65 %)
- M + SC* SC ized

c 125 +: combinations of management responses
C

< See Poster

1001, | . Session 4(2)

30 40 50 60

J Fuch
Risk (SD of annuity) €/ha/year ASPErTHENS

@ GEORG-AUGUST-LUNIVERSITAT
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Ecological-economic modelling for resilient forest management

Conclusions and lessons learned

= Normative models using optimization approaches are an important complement to scenario analysis

Q9P Y

— Key questions: “At what magnitude do conditions need to change to severely affect my desired outcome and
management strategy”?
= |ncorporating uncertainties in ecological-economic modelling is methodologically challenging but crucial
for supporting management decisions The road ahead:

* Robust optimization

o O (Knoke et al. 2017, Curr. For. Rep. 2(3): 93-106,
\ a Etemad et al. (2019) J For. Sc.
A \ ., * Dynamic approaches

(Hdrtl and Knoke Forests 10, 504)
e Spatial approach (spatial correlation, site heterogeneity)

= Resilient forest enterprises are key for resilient forest management
P €
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Sustainable yield planning at enterprise level

YAFO model developed by Fabian Hdirtl at Technical Unviersity of Munich

Solves an allocation problem — allocating silvicultural measures (harvesting) to stands (or share of area within the
stand) and planning period (E.g. 5 year period for next 50 years)

How should Forest Management look like to maximize a specific objective Here: maximize Robust Net Present Value
(NPV) of the entire enterpise under a certain accepted

Evaluated and sorted stand data
Space Time

X scenarios Stand |Periode 1|Periode 2|Periode 3|Periode 4|Periode 5|Periode 6

i 1 |Area Area Area Area Area Area
Survival

=ty | e 2 Area Area Area Area Area Area

I 3 Area Area Area Area Area Area

4 Area Area Area Area Area Area

l 5 Area Area Area Area Area Area

AIMMS Model YAFO2-A —— > Monte Carlo Module YAFO2-MC 5 IArea Area Area Area [Area IArea

T— Risk analysis data FJ 7 Area Area Area Area Area Area

ulation of et 8 Area Area Area Area IArea IArea

[uCkiectiee function (NRY) 9 |Area Area Area Area Area Area

10 |Area Area Area Area Area Area

Objective function (VaR/CE)

Abbildung: Fabian Hartl



Example enterprise

50°0°0"N o

GERMANY

Estil HERE, DeLorme, Mapmylndia, © OpenSirestiep contributors,
and the GIS us er commi

unity

T
10°00"E

24



Example enterprise (by F. Hartl)

Volume development

Current climate

NPV
NPV.robust

AnnuityRO

-8%

Climate change

(RCP 8.5 MPI-ESM-LR)

4,709,064 [EUR]
3,656,209 [EUR]

422,882 [EUR/(y*hall

NPV
NPV.robust

AnnuityRO

4497 499 [EUR]
3,353,748 [EUR]

387.899 [EURJ(y*ha)]

Robust Solution NPV only

Il Jolinitial_R Il Vollnitial

CIVolRem_R CIVolRem

I VolingrowthRem_R B VollingrowthRem
500 500
375 375
250 250
125 125

0 0

012 3 4°5°6 7 8 0910 111213 0 1°'2 34 5 6 7 '8 910 1112 13

Periode (4 5 Jahre) Periode (a5 Jahre)

Robust Solution NPV only

I Vollnitial_R Il Vollnitial

CVolRem_R CIVolRem

B \VolingrowthRem_R
00

375

250

125

012 3°'4°5 6 7 8 910 111213

Periode (4 5 Jahre)

B VolingrowthRem
500

375
250
125

012 3 4 5 67 8 91011213

Periode (4 5 Jahre)




Example enterprise (by F. Hartl)

Harvesting schedule

maxNPV
Stand ID

Robust maxNPV

] Curr. Climate cC
BE [ | 121 — Wl 131
EL 1a2 12
24 1a3 a3
LU T = 11 m 1
8 | 2 1
B8 e et - et
52 12 L= 2
B | g4y - a1 - 1
46 1 142 "z
= N a1 | 21
73 | 2w a2 22
2| 2 283 283
LAl ) | 260 . 200
a2 21 21 el
as 202 1y aea
B am (- L | | |_ze0 | [ [ | -44- I T | | (. 200 |
B8 | a1 tal i
41 | sz a2 2
87 | 31 | o | an
L] e 2 302
ERES a3 and
7 | & [ a1 | a1
a9 | eaz sz sz
B | e bt ant
70 a2 | anz | &3
71 | &0 = 4ol m &0
78 | am a0t | 201
;| s gz saz
7| det = P = e
m | e 482 42
74 £al || 5at - 5al
74 | saz 522 532
ELI s a3 53
T Sas Sad
6 | 5ot su1 su1
g | s 582 502
5y | st - 5c0 5c0
B 5d3 5d0 m 500
o | o m 560 - e
1 | = sn el
5 | = s s
4 | 0 L) 0
a 3 7 011121314 1516 17 18 19 20 1 48 T 01T 12 13 14 15 16 17 18 19 3 1 67 & 91011 1213 14 1516 17 1813 48 6 T B 90111213141 "

Periode Periode

Harvesting (blue: <15% of stand area, yellow: >=15%, red: >=25%)

Periode

Periode




Anbau alternativer Baumarten - Holzpreise

Blockmischung Mischbestande
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o
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00 02 04 06 08 1000 02 04 06 08 10
Relativer Holzpreis Douglasie ( = rel. H.p. Fichte)

® standard (1.0)
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Blockmischung Mischbestéande

1.0

o o o
EN o o™

Anteil der Baumart

o
o

0.0

00 02 04 06 08 10 00 02 04 06 08 10
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Baumart M Buche M Douglasie M Fichte
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Anbau alternativer Baumarten - Risiken

Blockmischung Mischbestande

-
=~

.
[\)

heutiges Optimum

heutiges Optimum

—
o

o
e

o
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RCP AU L e v oot eeeaens RGP-bal

o
~

ot
[N

o
o
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® standard (1.0)
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Example application: Quantifying changes in survival probabilites

= Dataset: Level I+l ICP Data, German Crown

1.001 Effect of tree mixture g
Condition Survey
= Method: Survival time analysis using

075 Weibull distribution parametrized by
z RCP 8.5 Accelerated failure time model, accounting
._a — L]
© N § il Tree species  [OF censored and left-truncated data
o] - .
8.0501 - Tl Beech * Project SURVIVAL-KW funded by
—= Yy L Douglas fir . “«
% \ _ B Spruce »,Waldklimafonds
3 N T = Example for Northwestern Germany (1.100

0.251 N N mm mean annual precipitation and 7.1°C

TR mean annual temperatur)
AN
\
0.001
0 50 100 150 200 5' )
Age [years] Waldklimafonds
o e
" GEORG-AUGUST-LUNIVERSITAT i -t
@ COTTINGEN Brandl et al. (2020) Forest Ecology and Management 458, 117652. . ‘i‘_ " 2




The Value at Risk as decision criteria

| }
Sehr risikoavers moderat risikoavers
99% 90% _ Wahl der Miml:::ingge:l.:ail:;lnbesﬁnuen
90 95% g o
80 Eﬁ .
70 1 E E DL
0 - i=

16 20 24 28 32 36 44 48 52 56 60 64 66 T2
‘Standardabweichung der Annuitat (€/ ha*a)

o
\

Haufigkeit
Eo O )]
o

|

w
o
\

N
o
\

=
o
|

o
|

M ittelwert (z.B. Deckungsbeitrag) ékonomisch thimierte

@ GEORG-AUGUST-UNIVERSITAT Ba umartenzusammensetzu ng
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Sensitivity analysis

Share of spruce in optimal tree species

portfolio

Economic input variables (Block mixture only)

14 8 4 o fs fs )

0,9 ~ l
®| RcP 85

0,8 ~ l
0,7 - .
06 V¥ | No climate change effects for beech
0,5 H
0.4 - Correlation coefficientin

) Planting costs of spruce absolute not relative terms!
0,3 ~ .
02 | Correlation <+—— Note low profitability of beech!

' Accepted level of risk
0,1 - .

—e— Discount rate
0 T T T T T
-0,75 -0,5 -0,25 0 +0,25 +0,50 +0,75

Survival analysis

Relative change (0 = baseline assumption)

- No climate change effect for beech

- Share of Spruce would only fall below 50% if S(100) of beech was by 45 percentage points higher than

that of spruce

31



: Effect of survival probabilites on optimal share of spruce in the economically optimal tree-species
composition (based on VaR)

5

Proportion of spruce in economically

3
S
1

whick maximizes BR
Q Q
™ =
1 1

e

i8

Q

>
1

O\O
1

S

ocgtimal gortfol'

5% 5%  -15%  -25%  -35%  -45% -55% -65%
Relative difference in survival probability at age 100 (s(100))
(Spruce in relation to beech))

ST

Size of circles and values denote VaR of optimized tree-species portfolios



Economic effects of altered survival probabilities compared to other management decisions

.

S

\ Climate change +1°C according to
\ model by Neuner et al. (2015)

X
1

+1000 € establishment costs
for spruce

=S
1

X
1

Proportion of spruce in economically

Q:ptimal Bortfolig, Whicg maxilgizes \@R
X

S

5% -5% -15%  -25%  -35%  -45%  -55%  -65%
Relative difference in survival probability at age 100 (s(lOOi
(Spruce in relation to beech)) .

Cifference

Size of circles and values denote VaR of optimized tree-species portfolios WA
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Block mixture constant climate

Block mixture climate change
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