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This appendix describes the numerical procedure used to generate the sim-
ulated investment data analyzed in Bond, Séderbom and Wu (2011). It also
contains additional results.

The model
The firm’s objective is to maximize the value of the firm:

1
VI(Xe, Ky) = mIaX{H(Xt,Kt; I) + mEt [V (Xtg1, Ki)]}
t

where y
(X, Kis L) = ﬁxg (K + 1) =1, - G (I, Ky),
Ki1 =1 + Ky,
and
h’lXt = lnXt_l —|—/.~L+€t
g~ iid N (0,07)
In XO = 0
io= p—0.50%

(see the main paper for definitions).

Exploiting linear homogeneity of the value function

Since the value function is homogeneous of degree 1 in (X, K), we can elim-
inate K; from the state space by normalizing by K;. Defining 7, = II;/K,; =
% ()" A+ L/K)'™, 2y = X¢ /Ky, v, = Vi/K,, we thus write the value of
the firm normalized by K; as

LK, +1
w(we) = max L (0: I /Ky + 1B L

max T b (Te41)}- (1)

The same approach has been used by Bloom (2009).
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Solving the Bellman equation using value function iteration
We solve the firm’s optimization problem using value function iteration. The
principles of our algorithm are as follows.

1. Start with a guess for the true value function v(z;). Call this guess v!.

Use it on the right-hand side of the Bellman equation (1), and compute
E,; [v (z¢+1)] (more on how to compute this expectation below). Find the
values of I/ K, that maximize firm value given the state ;.

2. Update the true value function v(z;) using the solution obtained in the
previous step (i.e. this is the value v associated with optimal I;/K};). Call
this updated guess v2. Check if v? = v!; if true, we have converged to the
true function and so iteration can stop; if not set j = 2 and go to step 3.

3. Set j = j +1. Use v/~! on the right-hand side of the Bellman equation to
compute Ey [v (z¢11)], and calculate the optimal choice rule I/ K;. Update
the value function, v7. Check if v/ = v7~1; If true, there is convergence
and so iteration stops; if not, repeat step 3.

To implement this method we need to discretize the state and control space,
and we need a way of calculating the expected value of the firm in ¢ + 1. We
discretize the distribution of the variables z; (state) and x;11 (control) by con-
structing a finite set of permissible values (z1, 23, ..., xpr) where z; is the lowest
permissible value, xy; the highest, and M is the number of permissible values.
In the simulations we vary x1 and x;; depending on the size of the adjustment
cost parameter b, and the level of uncertainty o The limits are set sufficiently
wide not to bind, whilst trying to avoid too extreme values as this would result
in a coarse grid. We use M = 300 throughout. Increasing M further does not af-
fect the results. The expectation of the value function F; [v (z441)] is computed
by summing over the M possible realizations of the value function associated
with the possible realizations of x;y; that follow from the stochastic process
using weights implied by the normal distribution.

The simulated data

Once the value iteration has converged, we recover the policy functions for
investment. Based on these we simulate J panel data sets on N firms over T'
time periods. We use J = 8, T' = 100 and different random numbers throughout.
We use larger values of IV for higher values of o so as to keep standard errors of
the simulated means reasonably low. We compute the mean and the standard
error of k (T' = 100) using the following formulae:

1
7 Z & (T'=100); (mean),
j=1

2
{se [k (T = 100)]3} (standard error),
j=1

<l



where

K(T _ 100)j —_ {[h(l —|—’I“) /T](l/’Y) 6“"100}71 {711 ZK(T = 100)} s

J

se [ (7' = 100)], = [1n (1 + ) /1) e100] ™ ¢ (Vo a =10y

Additional analysis

Simulating the Abel-Eberly model. We compute numerical simula-
tions of k based on the Abel-Eberly model (which features complete irreversibil-
ity and no quadratic adjustment costs) and compare these to the analytical
values, which are given by

K (00) = ( - 7>_1M x (1+0%/2p) (2)

an

where

V(@i —o?) + 5107)

202 ’
is the negative root of equation (5b) in Aberly and Eberly (1999). The results
are shown in Table Al and Figure Al. The simulated values of k track the
analytical values closely, suggesting there are no major errors in our computer
code. For large values of o, we need a very large number of firms to obtain
reasonable precision in the simulated means. This is much less of an issue for the
quadratic costs model, since firms in that model can adjust capital downwards.

aN:oz—Q,u—

Additional results. The full set of results underlying the summary sta-
tistics shown in Table 1 in the main paper are shown in Table A2. We show
values of k for the real options model based on (2), and simulated values of &
for the quadratic adjustment costs model. For the latter we also show standard
€rTors.

Abel and Eberly (1999) discuss the effects of changing other model parame-
ters on long run capital accumulation. They prove that r has a positive effect
and that p and 1 have negative effects. Table A3 shows the results of regressing
the values of k (T') obtained for different values of the parameters o, 7, p, 7 on
these parameter values. The first column shows the results for the real options
model. The results are consistent with the theoretical results documented in
Abel and Eberly (1999), Section 5. The effects of uncertainty is small. An
increase in the parameter n has a small negative effect on « (7). An increase in
the discount rate brings expected long run capital closer to the level that would
prevail under reversible investment.* Demand growth has the opposite effect.

4Note that this does not imply that a higher discount rate has a positive effect on the level
of capital. An increase in 7 reduces capital accumulation under reversibility as well as irre-
versibility. The result simply indicates that this negative effect is weaker under irreversibility,
thus increasing x (T).



Columns (2) and (3) show the results for the models with quadratic costs. We
find a significant negative effect of uncertainty on & (T'), which is stronger for
by = 3.0 than for b, = 0.5. This suggests that the effect of higher uncertainty
on long run capital accumulation is more adverse if adjustment costs are high.
An increase in 7 tends to reduce k (T'), i.e. increase the gap between long run
expected capital under quadratic costs and the level without adjustment costs.
An increase in the discount rate r has the opposite effect, similar to the real
options model.
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Figure Al: Comparing Simulated and True Values of k in the Abel-Eberly (1999) Model
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Table Al: Comparing Simulated and True Values of x in the Abel-Eberly (1999) Model

o True Simulated K Std error N J Grid points
0.03 1.0001 1.0007 0.0003 12500 100 500
0.06 1.001 1.0019 0.0006 12500 100 500
0.09 1.0038 1.0058 0.001 12500 100 500
0.12 1.008 1.0079 0.0015 12500 100 500
0.15 1.0118 1.0106 0.0012 50000 100 500
0.18 1.0127 1.0173 0.0019 50000 100 500
0.21 1.0083 1.0029 0.0024 100000 100 1000
0.24 0.9969 0.9849 0.0041 100000 100 1000




Table A2: The Long Run Effect of Uncertainty on Capital Accumulation: Full Set of Results
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sigma
0.01
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Real Options
K

1.0067
1.0511
1.1207

1.0013
1.012

1.0284
1.0352

0.9995
0.9933
0.9739

0.9997
0.9954
0.9798
0.947

1.0061
1.0449
1.0982

1.001
1.008
1.0127
0.9969

0.9998
0.9968
0.9819
0.9445

0.9996
0.9935
0.9711
0.9236

Quadratic costs: b, = 0.5

K
1.0004
0.9942
0.9805
0.959
0.9264
1.0005
0.9928
0.9776
0.9506
0.9047
1.0009
0.9904
0.9725
0.9475
0.9008
1.0039
0.995
0.9732
0.9453
0.9035
1.0007
0.9921
0.9572
0.925
0.8432
1.0001
0.9888
0.9602
0.9136
0.8674
1.0015
0.9892
0.9711
0.9096
0.8454
1.0014
0.9934
0.96
0.9145
0.8542
1.001

Std error
0.0007
0.002
0.0055
0.0089
0.0141
0.0007
0.002
0.0052
0.0071
0.0124
0.0007
0.002
0.0051
0.0061
0.0119
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0.0052
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0.0217
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0.002
0.0049
0.0061
0.0106
0.0007
0.0019
0.0051
0.0066
0.0113
0.0007
0.002
0.005
0.006
0.0109
0.0007

Quadratic costs: b, =3.0

K
0.9981
0.9828
0.9361
0.8168
0.6631
0.999
0.9825
0.9372
0.8264
0.6669
0.9988
0.9806
0.9365
0.8247
0.6777
0.9996
0.9824
0.9297
0.8303
0.6783
0.9968
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0.9058
0.7115
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0.9719
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0.975
0.9105
0.7219
0.497
0.9918

Std error
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0.0005
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1.0013
1.012

1.0284
1.0352

1.0033
1.0296
1.0792
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0.9988
0.9827
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0.8325

1.001
1.008
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1.003
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1.0008
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1.0028
1.024
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1.0793

0.9638
0.9172
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Table A3. The effects of uncertainty, market power, demand growth and discount rate
on k. OLS results.

Real options model Quadratic adjustment costs
b, =0.5 b,=3.0
c -0.068 -0.709 -2.186
(1.49) (18.26)** (22.51)**
n -0.001 -0.003 -0.009
(1.85) (6.84)** (7.00)**
r 2.253 0.755 1.647
(6.68)** (2.62)* (2.28)*
u -1.847 -0.102 -0.166
(3.92)** (0.25) (0.16)
Observations 102 102 102
R-squared 0.41 0.80 0.85

Note: Absolute values of t-statistics in parentheses. * significant at 5% level; ** significant at 1% level. A constant is
included in all regressions.
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