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Abstract

What is the optimal form of firm organization during “bad times”? We present a model of delegation
within the firm to show that the effect is ambiguous. The greater turbulence following macro shocks may
benefit decentralized firms because the value of local information increases (the “localist” view). On the
other hand, the need to make tough decisions may favor centralized firms (the “centralist” view). Using
two large micro datasets on firm decentralization from ten OECD countries and US administrative data,
we find that firms that delegated more power from the Central Headquarters to local plant managers prior
to the Great Recession out-performed their centralized counterparts in sectors that were hardest hit by the
subsequent crisis. Using direct measures of turbulence based on product churn and stock market volatility,
we show that the localist mechanism dominates. This conclusion is robust to alternative explanations such
as managerial fears of bankruptcy and changing coordination costs. Although delegation is better suited
to some environments than others, countries with more decentralized firms (like the US) weathered the
2008-09 Great Recession better: these organizational differences account for about 15% of international
differences in post-crisis GDP growth.
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1 Introduction

What makes firms more resilient to large negative macro shocks? A recent literature has focused on firms’
technological, financial and governance structures as possible factors affecting their ability to cope with
sudden changes in external conditions', but much less is known about the role of firm organization. This
paper focuses on how a specific organizational aspect of a firm: the extent to which decision-making is
decentralized down from headquarters to plant managers, affects performance during an economic crisis.
This has particular relevance following the Great Recession of 2009-08, which generated a debate over
how best to organize for “recovery and survival”. One common argument is that centralized firms were best
equipped to survive the recession because of the importance of cost cutting which, due to conflicting interests
within the firm, is best directed from corporate headquarters (the “centralist” view). An alternative “localist”
view is that recessions are periods of rapid change, and being decentralized provides firms with the necessary
flexibility to respond to turbulent business conditions.?

To investigate these issues, we created two new panel datasets with explicit measures of decentralization
measured prior to the Great Recession. One dataset, the World Management Survey (WMS) has firm
level data across ten OECD countries (France, Germany, Greece, Italy, Japan, Poland, Portugal Sweden,
the UK and US). The other dataset, the Management and Organizational Practices Survey (MOPS), is an
establishment level dataset covering U.S. manufacturing plants.? which we constructed in partnership with
the Census Bureau. We combine these datasets with firm and plant performance data before and after the
2009-08 crisis.

In order to guide the empirical analysis, we develop a model of firm decision-making building on the
Aghion and Tirole (1997) approach. The model illustrates two countervailing effects of decentralization on
firm performance during a crisis. On the one hand, a crisis is more likely to reduce the level of congruence
between the CEO and the plant manager—for example, tough decisions on closing down projects and laying
off staff will be resisted by local managers. At the same time, however, a crisis can also increase turbu-
lence/uncertainty, thus making local information more valuable. In this case, a crisis would actually make
decentralization more attractive, since it enables firms to better understand and adapt to the turbulent busi-
ness environment. This result is akin to those emerging from a wide class of models where higher turbulence

and uncertainty increase the value of local knowledge and the benefits of decentralization. The net effect of

IFor example, see Aghion, Askenazy, Berman, Cette, and Eymard (2012) on technology; Chodorow-Reich (2014) on financial
structure and Alfaro and Chen (2012) or D’Aurizio, Oliviero and Romano (2015) on governance.

2Support for these starkly different views can be found, for example, in reports by the Economist Intelligence Unit. In
the depths of the Great Recession in June 2009 they wrote in favor of centralization during the crisis: “Firms should be
centralizing their decision-making processes. [...] In a recession investments and other decisions are scrutinized more carefully
by senior management and a greater emphasis is placed on projects that provide benefits across the enterprise rather than
individual units.” Yet three months later in August the same publication supported decentralization: “Companies have to
deal with dramatically more uncertainty, complexity and ambiguity in the current recession. Success does not come from
centralization. True flexibility arises when those who are closest to customers are empowered to respond to constant shifts in
demand, preferences and attitudes.”

3We use the terms “establishment” and “plant” interchangeably throughout.



decentralization on firm performance is thus theoretically ambiguous.

We then turn to the empirical analysis and find compelling evidence that, in sectors that were exogenously
hit harder by the crisis, decentralized firms outperformed their centralized rivals in terms of survival chances
as well as in their growth of sales, productivity and profits. We use several measures of the shock, including
changes in trade patterns (exports in an establishment’s industry by country cell) and a pre-recession measure
of product durability to measure the shock (durable goods industries suffer more in recessions as consumers
can postpone purchases). Our findings are robust to placebo tests, and a wide range of controls.

Consistent with our model, we show that our empirical results are driven by the fact that the industries
which had the most severe downturns during the Great Recession also had the largest increase in turbulence.
To show this, we employ a novel industry level measure of turbulence, the rate of new product additions
and subtractions (product churn), which we built from the US Census of Manufactures ten digit product
data. As shown in Bernard and Okubo (2015), product churn rises sharply during recessions—in a crisis
establishments both destroy more existing products and also create more new products.® Using this measure
on the US Census sample, we find that decentralization significantly protected establishments from the
downturn in industries which had a bad shock, and an increase in product churn. We validate these results
using an alternative measure of turbulence based on the stock market volatility, which is available for the
international WMS sample as well as the US MOPS.

Alternative explanations of our results based on reduced agency problems, financial conditions, lower
coordination costs, omitted variables and other factors do not seem so consistent with the data. Finally,
although organizational change is slow (we show evidence of large adjustment costs), firms subject to large
negative shocks appear more likely to decentralize.

Overall, our paper suggests that the internal organization of firms may serve as an important mediating
factor through which macroeconomic shocks affect firm performance and, ultimately, growth.

Our paper builds on an extensive prior literature. The benefits of exploiting local knowledge harks back
to a classic economic debate over economic systems between Lange (1936) and Von Hayek (1945). Lange
argued that a centralized socialist economy would outperform a decentralized market economy, partly because
the central planner could co-ordinate better, for example by setting prices to internalize externalities. By
contrast, Hayek argued that it was impossible to aggregate all the local knowledge of agents, and it was both
more efficient (and just) to allow individuals to make their decentralized choices based on the their local

information. Modern organizational economics builds upon these trade-offs within a firm rather than across

4Bloom, Floetotto, Jaimovich, Saporta-Eksten and Terry (2016) shows a large variety of datasets that suggest that turbulence
and uncertainty rise in downturns.

5Contrary to Bernard and Okubo (2015), Broda and Weinstein (2010) report a pro-cyclical product churn. However, they
have a a very different focus—looking at the net change in the product offering in retail stores (the number of new bar code
products sold less current products no-longer sold)—and a different time period (1994 and 1999-2003) spanning one mild recession.
In contrast, our measure is gross product churn (new products plus dropped products), is built on manufacturing establishment
production data, and spans 15 years from 1997-2012, exploiting aggregate and industry variation.



the economy as a whole. On the theory side, our paper relates to the literature on decentralization within
the firm (see Gibbons, Matouschek and Roberts, 2013, or Garicano and Rayo, 2016 for recent surveys) and
incomplete contracts (see Gibbons and Roberts, 2013, and Aghion, Bloom and Van Reenen, 2014 for surveys).
In particular, Hart and Moore (2005) analyze the optimal allocation of authority in multi-layer hierarchies.
Dessein (2002) analyzes how the allocation of control can help incorporate the agent’s information into
decision-making in a situation where the agent has private information.®

Our paper also relates to the existing empirical literature on decentralization and its determinants.
For example, Rajan and Wulf (2006) and Blundell et al. (2016) document a movement towards flatter
organizations and decentralized firms in the US and UK respectively. Caroli and Van Reenen (2001) and
Bresnahan, Brynjolfsson and Hitt (2002) point at positive correlations between decentralization and both
human capital and information technology. Guadalupe and Wulf (2009) argue that the Canadian-US Free
Trade Agreement (FTA) in 1989 constitutes an exogenous increase in competition for US firms in the
industries where tariffs were removed and this caused greater delayering and decentralization. Closest to our
analysis is Acemoglu et al. (2007), whose model assumes firms can learn about the outcome of an investment
decision from observing other firms. Hence, in sectors with more heterogeneity /turbulence or where the firm
is closer to the performance frontier (so that learning is more limited) decision-making control should be more
decentralized. In the contract literature, Prendergast (1982) suggested that the “puzzle” of performance pay
in uncertain and turbulent environments (where higher risk should make the agent less willing to accept a
high-powered contract) could be because of the need to exploit local information more effectively. Similarly,
in the firm boundaries literature, Lafontaine and Slade (2007) also suggest that a similar puzzle over the
lack of a negative impact of turbulence on franchising (vs. direct control), could again be related to the need
to exploit the franchiser’s superior local knowledge, which is more important in such environments. None of
these papers, however, look at the interplay between firm decentralization, shocks and turbulence which is
the center of our analysis.”

The paper is organized as follows. Section 2 presents the model, Section 3 the data and methodology
and Section 4 establishes our main empirical finding that in times of crisis decentralized firms outperform
their centralized counterparts. Section 5 considers extensions, showing that volatility seems to matter rather

than other mechanisms such as changing levels of congruence and Section 7 concludes.

6Tn contrast to Aghion and Tirole (1997), there is no information acquisition effort by the agent or the principal, therefore
in Dessein’s model the allocation of authority is not so much a tool to motivate the agent (as in Aghion and Tirole) or give a
supplier incentives to make relationship specific investments (as in Grossman and Hart, 1986). A key insight in Dessein (2002)
is that in a world with asymmetric information and contractual incompleteness, the delegation of authority from a Principal to
an Agent is often the best way to elicit the agent’s private information.

"Bradley et al (2011) report a positive relationship between firm independence-which they interpret as a proxy for greater
autonomy in resource allocation decisions—and firm survival during downturns using Swedish data.



2 A simple model

To guide the empirical analysis of the relationship between firm performance and decentralization during a
crisis, we develop a simple model based upon Aghion and Tirole (1997). The key idea is that there is a trade
off between incentives and local information. Possible misalignment of interests between the CEO and the
plant manager favors centralization. But the plant manager is likely to have better local information than
the CEO, which is a force for decentralization. A negative shock may affect the returns to decentralization
in two, opposite, ways. First, it may reduce the benefits of decentralization, by increasing the possible
misalignment of interests between the CEO and the plant manager. Second, it may increase the benefits of
decentralization by increasing the informational asymmetry between the CEO and the plant manager, and

thus the value of local information.

2.1 Basic set up

We consider a one-period model of a firm with one principal (the CEO/central headquarters) and one agent
(the plant manager). The CEO cares about the profitability of the business,® whereas the plant manager
wants to maximize private benefits and is not responsive to monetary incentives.® Taking an uninformed
action involves potentially disastrous outcomes, thus an action will be taken only if at least one of the two
parties is informed. Also, the agent obtains private benefits only if the firm remains in business.

There are n > 3 possible actions (or projects) and at any point in time only two of them are "relevant",
i.e. avoid negative payoffs to the parties. Among these two actions, one maximizes monetary profitability,
one maximizes the agent’s private utility. Other actions lead to very negative payoffs to both parties.

With ez ante probability « the agent’s preferred action (conditional upon the firm remaining in business)
will also be the action that maximizes profits (or monetary efficiency); this variable o captures the degree
of congruence between the principal’s preferences and the agent’s preferences. If preferences coincide, then
the action that maximizes the private utility of the agent also yields monetary utility B to the principal;
if preferences do not coincide, the action that maximizes the agent’s private utility yields monetary payoff
B — k to the principal.

Informational assumptions: We assume that the principal knows about project payoffs with prob-
ability p, but does not know directly which action the agent actually performed. On the other hand, the
agent is assumed to be perfectly informed about the project payoffs.

Turbulence: Suppose that the principal can obtain an early signal of forthcoming performance, e.g. a

current realization of income, at some cost C, and can then possibly decide to fire the agent if she believes

8For simplicity, we abstract from the agency problem between the owners of the firm and the CEO. The results just rely on
the plausible assumption that the CEO cares more about the overall profits of the company than the plant manager.

9This is to rule out implementation of a performance pay contract to overcome the principal-agent problem. Obviously,
we could allow some incentive contracts and so long as these only partially deal with the agency problem, the mechanisms we
describe here would still be at play.



that the signal is due to the agent’s choosing a non-profit maximizing action. In the absence of turbulence,
the signal reveals the bad action choice perfectly. But the higher the degree of turbulence, the more difficult
it is for the principal to infer action choice from performance.

Thus, suppose that current performance is given by

y=a-+e¢

where a € {a1,az2} denotes the agent’s action choice (e.g. a decision whether or not to introduce a new

product'®, with a; < as and ¢ is a noise term uniformly distributed on the interval [—u, u].

2.2 Solving the model

Suppose that the plant manager takes the non-profit maximizing action a; (e.g. a decision which delays the

introduction of a new product). The CEO will infer the action choice from observing the signal realization:

y=a-+e¢e,

if and only if y € [a; — u, a2 —u)U (a1 + u, a2 + u] and then can correct it if she has control rights, i.e. under
centralization.

By Bayes’ rule the probability of the CEO guessing the action choice is:

P(u) =Pr(y € [a1 — u,a2 — u) U (a1 + u,as + ul) (1)

that is:
2((12 — al)

P(’U,) = min{m,

1}. (2)

The probability of guessing the correct action is clearly declining in the amount of noise parameterized
by u. Hence, the probability that the profit-maximizing action will be taken eventually under centralization
(), is equal to:

Qu) = P(u) + (1 - Pu))a, (3)

where P is the probability that the principal acquires the information about projects payoffs.

10Equivalently, this could be whether to drop an existing product from the portfolio or to make an investment in marketing
or sales that enhances the product’s value to the consumer. The key thing is that the decision has to have some irreversibility.



2.3 Centralization versus decentralization

The ex ante CEO’s payoff under decentralization, is equal to:
¢ =aB+(1—-a)(B-k)

The ex ante CEQ’s payoff under centralization (i.e. if the CEO delegates no authority to the plant
manager), is equal to:

I° = Q(u)B + [1 — Qu)](B — k) — C (4)

The net gain from centralization is then given by:
Al = T1¢ — 14 = P(u)(1 — a)k — C. (5)

2.4 Two countervailing effects of a bad shock

We think of a bad shock as reducing congruence between the principal and the agent. For example, the
negative shock may require cost-cutting such as closing down plants and laying off employees which will
be particularly resisted by middle managers. More formally, to the extent that the principal has invested
wealth in the project whereas the agent is subject to limited liability. In other words, a bad shock is likely

to increase k. For a given level of uncertainty w, this will make centralization more attractive as:

OAII
o =P —a)>0. (6)

There is, however, also much evidence (summarized in Bloom, Floetotto, Jaimovich, Saporta-Eksten and
Terry, 2016) that negative macro shocks are usually associated with greater turbulence and uncertainty (i.e.

a higher ). This makes centralization less attractive, since:

OAII
ou

= (1—a)kP'(u) <0 (7)

If the level of turbulence does not change after the occurrence of a bad shock, the overall effect of a bad
shock is to make centralization unambiguously more attractive. However, if uncertainty increases with a bad
shock and k does not change, the bad shock makes centralization become less attractive. Hence, the impact
of a bad shock is theoretically ambiguous. We will investigate empirically which effect dominates, and then

return to the theory to help inform potential mechanisms.



3 Data Description and Measurement

We start by describing in some detail our decentralization data since this involved an extensive new survey
process. We then describe the accounting and administrative data matched with the survey-based measures
of decentralization and the proxies measuring the severity of the Great Recession. We describe our measures
of turbulence in Section 5 when we discuss theoretical mechanisms. More details on the data are in online

Appendix A.

3.1 Decentralization

Cross-country data: World Management Survey (WMS) Our international decentralization data
was collected in the context of the World Management Survey (WMS), a large scale project aimed at
collecting high quality data on management and organizational design across firms around the world. The
survey is conducted through an interview with a plant manager in medium sized manufacturing firms.

We asked four questions on decentralization from the central headquarters to the local plant manager.
First, we asked how much capital investment a plant manager could undertake without prior authorization
from the corporate headquarters. This is a continuous variable enumerated in national currency that we
convert into dollars using PPPs.!! We also inquired on where decisions were effectively made in three other
dimensions: (a) the introduction of a new product, (b) sales and marketing decisions and (c) hiring a new
full-time permanent shop floor employee. These more qualitative variables were scaled from a score of 1,
defined as all decisions taken at the corporate headquarters, to a score of 5 defined as complete power (“real
authority”) of the plant manager. In Appendix Table Al we detail the individual questions in the same
order as they appeared in the survey. Since the scaling may vary across all these questions, we standardized
the scores from the four decentralization questions to z-scores by normalizing each question to mean zero
and standard deviation one. We then average across all four z-scores and then z-score the average again to
have our primary measure of overall decentralization. In the same survey we collected a large amount of
additional data to use as controls, including management practice information following the methodology of
Bloom and Van Reenen (2007) and human resource information (e.g. the proportion of the workforce with
college degrees, average hours worked, the gender and age breakdown within the firm).

We attempt to achieve unbiased survey responses to our questions by taking a range of steps. First, the
survey was conducted by telephone without telling the managers they were being scored on organizational
or management practices. This enabled scoring to be based on the interviewer’s evaluation of the firm’s
actual practices, rather than their aspirations, the manager’s perceptions or the interviewer’s impressions.

To run this “blind scoring” we used open questions (i.e. “To introduce a new product, what agreement would

HOne reason that the main regressions control for size is that the value of this question might be mechanically greater for
larger firms and plants.



your plant need from corporate headquarters?”), rather than closed questions (e.g. “Can you introduce new
products without authority from corporate headquarters?” [yes/no|) (see question in Table A1). Second,
the interviewers did not know anything about the firm’s financial information or performance in advance
of the interview.!? Consequently, the survey tool is “double blind” - managers do not know they are being
scored and interviewers do not know the performance of the firm. These manufacturing firms (the median
size was 250 employees) are mostly privately held and too small to attract coverage from the business media.
Third, each interviewer ran 85 interviews on average, allowing us to remove interviewer fixed effects from
all empirical specifications. This helps to address concerns over inconsistent interpretation of responses.
Fourth, we collected information on the interview process itself (duration, day-of-the-week), on the manager
(seniority, job tenure and location), and on the interviewer (for removing analyst fixed effects and subjective
reliability score). These survey metrics are used as “noise controls” to help reduce residual variation.

We decided to focus on the manufacturing sector where productivity is easier to measure than in the
non-manufacturing sector. We also focused on medium sized firms, selecting a sampling frame of firms with
between 50 and 5,000 workers. Very small firms have little publicly available data. Very large firms are likely
to be more heterogeneous across plants. We drew a sampling frame from each country to be representative
of medium sized manufacturing firms and then randomly chose the order of which firms to contact.

Each interview took an average of 48 minutes and the main wave was run in the summer of 2006. We
achieved a 45% response rate, which is very high for company surveys, because (i) the interview did not
discuss firm’s finances (we obtained these externally); (ii) we had the written endorsement of many official
institutions like the Bundesbank, Treasury and World Bank, and (iii) we hired high quality MBA-type
students. We also ran some follow up surveys in 2009 and 2010 following the same firms sampled in 2006 to

form a panel which we use to look at changes in decentralization.

U.S. Census data: Management and Organizational Practices Survey (MOPS) The 2010 Man-
agement and Organizational Practices Survey (MOPS) was jointly funded by the Census Bureau and the
National Science Foundation as a supplement to the Annual Survey of Manufactures (ASM). The design
was based on the World Management Survey and was mailed to the establishment plant manager (see Bryn-
jolfsson and McElheran 2016 and Bloom, Brynjolfsson, Foster, Jarmin, Saporta-Eksten and Van Reenen,
2016). The survey contained six questions on decentralization with four of these covering the same domain
as WMS-plant manager autonomy over (a) capital investments, (b) hiring of full time employees, (c) prod-
uct introduction and (d) sales and marketing—with two additional question on €) pay increases of at least
10%, and (f) product pricing decisions. For each question, respondents were asked to choose among three

options capturing where the specific decisions were made: “only at this establishment” (coded as 3), “only at

12This was achieved by selecting medium sized manufacturing firms and by providing only firm names and contact details to
the interviewers (but no financial details).



headquarters” (coded as 1), or “both at this establishment and at headquarters” (coded as 2). There were
five choices for the question on autonomy in capital investments, starting with “Under $1,000” (coded as 1)
up until “$§1 million or more” (coded as 5). Each of these six questions was then z-scored, and then averaged,
and then z-scored again. The survey also included management practice questions and some background
questions on the establishment and respondent.!'® The respondent was asked about conditions in 2010 and
2005.

The MOPS survey was sent to all ASM establishments in the ASM mail-out sample. Overall, 49,782
MOPS surveys were successfully delivered, and 37,177 responses were received, yielding a response rate of
78%. The Organization Module of MOPS is only for plants where headquarters is off site - plants with
headquarters on site are told to skip this section - which takes the sample to about 20,000 plants. We further
require the sample to match to the 2006 ASM and 2009 ASM to calculate the main dependent variable
(growth in sales) which brings the sample down to 8,774 plants.!* Table A2 shows how our various samples

are derived from the universe of establishments.

3.2 Accounting data

Cross-country WMS data We build firm level measures of sales, employment, capital, profits and
materials using accounting data extracted from Bureau Van Dijk’s ORBIS. These are digitized versions of
company accounts covering very large samples (close to the population in most of our countries) of private
and publicly listed firms. In our baseline specifications we estimate in three-year (annualized) growth rates.
We are able to build firm level measure of sales growth for at least one year for 1,330 out of the 2,351 firms

with decentralization data in 2006.

U.S. MOPS data In addition to our decentralization data, we also use data from other Census and non-
Census data sets to create our measures of performance (growth in sales, productivity, and profitability).
We use establishment level data on sales, value-added and labor inputs from the ASM to create measures of
growth and labor productivity. As described in more detail in Appendix A, we also combined the plant-level
capital stock data from the Census of Manufactures with investment data from the ASM and applied the
perpetual inventory method to construct annual capital stocks. Finally, we measure plant profitability using
profits as a percent of capital stock, with plant-level profits defined as sales less total salaries and wages,

material costs, and rental expenses.

I3The full questionnaire is available on http://www.census.gov/mcd/mops/how the data are collected/MP-
10002 16NOV10.pdf.

14The ASM is a stratified randomly sampled rotating 4 year panel, so many plants are not included across panels, which
accounts for over 90% of this drop in sample size

10



3.3 Measuring the Great Recession

Our baseline measure of the intensity of impact of the Great Recession (“SHOCK?”) at an industry by country
cell level comes from the UN COMTRADE database of world trade. This is an international database of
six-digit product level information on all bilateral imports and exports between any given pairs of countries.
We aggregate COMTRADE data from its original six-digit product level to three-digit US SIC-1987 level
using the Pierce and Schott (2010) concordance. We deflate the industry and country specific export value
series by a country and year specific CPI from the OECD to measure “real exports.”*?

For the U.S. MOPS data we are able to construct a more detailed “SHOCK?” variable which varies at
the establishment level. Specifically, we use pre-recession product level revenue data from the 2006 ASM
to measure each establishment’s distribution of sales across 7 digit NAICS products before the onset of the
Great Recession. We then aggregate the Longitudinal Firm Trade Transactions Database (LFTTD), which
contains the universe of import and export transactions for U.S. firms, to the product-year level. By matching
each establishment’s pre-recession distribution of sales across products to product level export growth, we
are able to obtain a more precise measure of the intensity of the Great Recession which measures export
growth in the products which the establishment produces. All results from the U.S. MOPS data use this
establishment specific formulation of the “SHOCK” measure.'® The plant-specific shock is advantageous in
that it addresses an important potential bias arising from mismeasurement of the relevant economic shock
for diversified plants. To the extent that diversification of product mix is correlated with decentralization,
using an industry level shock introduces non-random measurement error and may bias the results. Our
plant-specific shock built from plant-product data addresses this concern.

Figure A1 shows the evolution of annualized export growth in the years preceding and during Great
Recession using industry level data for all countries (for a total of 5,641 manufacturing sector by country
cells). Exports were growing by about 13% in 2007 and 9% in 2008, and experienced a dramatic fall (-20%)
in 2009 compared to 2008. Industry sales fell even faster than exports in 2008 and 2009. In the empirical
analysis, we build empirical proxies for the Great Recession by averaging 2007 and 2006 (pre-recession)
and 2009 and 2008 (in-recession) levels and calculate log differences between the two sub-periods for each
three-digit industry by country cell.!”

Since recessions typically have a greater impact on reducing the expenditure on durable versus non-
durable goods (e.g. King and Rebelo, 1999), we use as an alternative variable to capture the intensity of

the Great Recession shock the average durability of the goods produced in the industry, drawn from Ramey

15We find similar results using other measures of the shock (such as industry sales derived from aggregating firm level data in
ORBIS), but trade data is attractive as it has a large external component driven by demand in world markets and is available
at a detailed level for every country and industry in our sample.

16 A1l of the MOPS results are robust to using the same three-digit SIC “SHOCK?” variable which is used in the cross-country
WMS analysis.

17We also run robustness checks using discrete measure of SHOCK, in which we code an industry-country cell to be unity
if exports fell over this period and zero otherwise.
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and Nekarda (2013). As a cross-sectional measure this is simply used at the 4-digit industry level, and is a

continuous measure.'®

3.4 Descriptive Statistics

Panel A of Table 1 contains some descriptive statistics from the WMS. The median (average) firm has 250
(574) employees and $67m ($184m) in sales. Firm sales declined by about 6% per year over this time period
(2011-2006). Panel B has the equivalent information from MOPS. Despite being a quite different sample, the
values look broadly comparable - MOPS firms are a little larger in terms of jobs (423 vs 250 at the median).
MOPS plants shrank by 7% a year, similar to the WMS average. Exports fell in 51% of the industries in
the sample. While the median growth rate of real exports across the whole sample is about -0.4% and -0.8%
in the WMS and MOPS samples, respectively, the data shows considerable variation both within and across

countries.

4 Main results

4.1 Descriptive analysis of the main result

Our main empirical finding is illustrated in Figure 1, in which Panel A refers to the results using the cross
country WMS data, and Panel B uses the US MOPS data. Panel A shows the annualized average three-year
growth rate in sales for all firms included in the WMS decentralization sample computed using data ending
in the years 2011, 2010 and 2009 (hence, averaging across three different growth periods: 2011-08, 2010-07
and 2009-06).!° These are all years involving the Great Recession.?’ Panel B shows sales growth for all
plants in the MOPS decentralization sample (2009-06 growth rate). We exclude the 2011-08 and 2010-07
periods from the MOPS sample because the recession was over in the US in 2010.2!

The sample in Figure 1 Panel A is subdivided in four categories of firms. First, we split firms according to
whether they experienced a drop in exports in an industry by country cell in the main Great Recession years
(the 2008 and 2009 average) compared to the latest pre-recession years (2006 and 2007 average).?? Second,
we split firms by above/below the mean level of decentralization measured before the advent of the Great

Recession. Not surprisingly, all our groupings of firms experienced a drop in average sales and furthermore,

18We also consider a discrete version using a dummy equal to 1 if the durability in the industry is greater than the median
(and zero otherwise).

19%We use long differences to smooth over some of the transitory measurement error. The results are robust to choosing
alternative methods of long differencing.

20We also test the robustness of the results to dropping the 2008-2011 period, in which the Recession was starting to taper
off in Europe.

211n Europe (where most of our WMS data is from) the crisis persisted due to the Eurozone currency crisis and fiscal austerity
policies.

22To be precise we first divide the value of nominal exports by a country and time specific CPI. We then construct average
real exports in (i) 2009 and 2008 and (ii) 2007 and 2007. We then take the log difference between these two periods.
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the drop in sales is clearly (and significantly) larger for firms classified in industries experiencing a negative
export shock (compare the two bars on the right with the two on the left). However, within the group of firms
experiencing a negative shock (those on the right of the figure), the decline in sales was significantly larger for
firms that were more centralized prior to the recession. In the WMS sample, for firms in an industry-country
pair hit by a greater negative shock, decentralized firms had a 8.2% fall in sales compared to about 11.8% in
the centralized firms, for a difference of 3.6 percentage points which is significant at the 5% level (compared
to an insignificant difference of -0.1% in industries that did not experienced a shock). Panel B of Figure 1
performs the analogous exercise on the MOPS sample of US establishments. The difference in differences is
very similar at 3.5 percentage points, also significant at the 5% level.

The performance differential between decentralized and centralized firms appears confined to the crisis
period. Using the same four categories as in Figure 1, Figure 2 plots the difference in sales growth between
decentralized and centralized firms (or plants), again distinguishing between those which experienced a drop
in exports in an industry by country cell during the Great Recession years, including the years before and
after the Great Recession. As before, the y-axis is the annualized three year growth rate in sales, with the
year 2010, for example, corresponding to the 2010-07 growth rate. In both the WMS sample in Panel A and
the MOPS sample in Panel B, decentralized firms (plants) and centralized firms (plants) have similar sales
growth rates in the pre-recession periods (before 2008), regardless of whether they subsequently experienced
a decline in exports during the Great Recession (to see this, note that the two lines in each panel do not
diverge until 2007). The performance differentials between decentralized and centralized firms (plants) in
industries hit by the Great Recession start to emerge in 2008, and converge in both datasets after roughly
five years.2?

The basic finding emerging from the raw data is that decentralization was associated with relatively better
performance for firms or establishments facing the toughest environment during the crisis. Moreover, the
improved performance associated with decentralization is unique to the crisis period, as these firms (plants)
did not outperform their peers before the crisis, and temporary, as these firms (plants) do not appear to be
systematically outperforming their centralized counterparts after the crisis.?*

We now turn to more formal tests of this basic result using alternative measurement strategies and

controls for many other possible confounders.

23In the US MOPS data, although not in the cross-country WMS, centralized plants in 2012 experience a more rapid recovery
in the industries most affected by the Great Recession.

240ne might ask why should centralized firms not systematically outperform their decentralized counterparts in “good times™?
One reason related to the model of Section 2 is that although turbulence/uncertainty spikes in deep recessions (albeit to different
degrees in different industries) it does not so in other times (see Bloom et al, 2016, especially Table 2). A second reason is
that, although the Great Recession is a plausibly unexpected shock to which a firm’s optimal decentralization did not reflect
pre-recession, industry growth trends were less unusual in the pre-crisis period so firm decentralization had already been chosen
endogenously to reflect these trends.
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4.2 Baseline regression equation

Our baseline specification is:

Aln }/ijct =aDECy + ﬁ(DEOiO * SHOCK]C) + ’}/SHOCKjC + 0z + 6. + ¢j + Tt + Eijet (8)

where AlnYj;. is the sales growth rate: the three year annualized change in In(real sales) for firm (or plant)
i in industry j in country c¢ in end-year ¢.2> DEC), is firm (or plant) i’s level of decentralization (measured
in the initial year of 2006 for WMS and 2005 for MOPS); SHOCKj;, is our measure of the severity of the
shock of recession in the industry-country cell; x; is a set of controls also measured pre-recession (firm and
plant size, survey noise and the proportion of college-educated employees); . are country dummies, ¢; are
industry dummies, 7; are year dummies and €;.;; and is an error term. Standard errors are clustered at
the industry by country level, or just industry level depending on the variables used to proxy for the Great
Recession and the specific sample used. When we use export growth as a measure of the shock the key
hypothesis we examine is whether 8 < 0, i.e. whether decentralized firms and plants do relatively better
in bad times. When we use product durability as a measure of the magnitude of the shock the equivalent
hypothesis is that 5 > 0, as the more durable goods industries are expected to have (and do have) the largest
fall in demand.

Our underlying identification assumption in equation (8) is that in the pre-Great Recession period firms
were in an initial equilibrium where they had adopted their optimal degree of decentralization ( DEC;q )
based on their current and expected environment.? The SHOCK . associated with the Great Recession
was largely unexpected and, since organizational form is likely subject to large adjustment costs, firms could
not immediately respond by changing to the optimal form of organization (i.e. becoming more decentralized)
in the new environment. Thus, DEC;o can be considered weakly exogenous in equation (8). We investigate
the adjustment costs assumption by using repeat observations on decentralization for the same firms or
plants over time. We find decentralization to be highly persistent over the time in both the WMS and
MOPS samples.2” We also consider potential violations of these assumptions below (sub-section 4.4), such
as the presence of other unobservables correlated with DEC;y that could generate firm-level performance

differentials in bad times.

25 A5 discussed above, for the long differences we are using the three overlapping time periods for WMS, but for MOPS we
can only use one of these long differences, 2009-2006.

26Formally, we do not need to assume fully optimizing behavior in the pre-period, only that DEC;q is weakly exogenous.

27We estimate that the annual AR(1) coefficient on decentralization as 0.965 in MOPS and 0.707 in WMS. The true persistence
parameter is likely to lie between these as MOPS estimate is likely to be an over-estimate because of recall bias and the WMS
is likely to be an underestimate because of classical measurement error. See Bloom, Sadun and Van Reenen (2016) for more
structural estimation of adjustment costs in WMS also showing high degrees of persistence of organizational form.
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4.3 Baseline results

Column (1) of Table 2 shows the results from estimating a simple specification including export growth
as our recession shock indicator and a full set of country, year and three-digit industry dummies. A one
percent increase in industry exports is associated with a significant 0.07 percentage point increase in sales
growth. We also find a positive and weakly significant association between sales growth and lagged initial
decentralization (in 2006). A one standard deviation increase in our decentralization index is associated
with a 0.58 percentage point increase in sales growth (e.g. growth increases from say 2.0% a year to 2.6%
a year).?® In column (2) we introduce an interaction term between decentralization and the export shock
variable. The interaction term is negative and significant (0.042 with a standard error of 0.013), which
indicates that decentralized firms shrank much less than their centralized counterparts when they were hit
by a negative export shock. Note that the coefficient on the linear decentralization term is insignificant
when the interaction term is added to the specification, which indicates that decentralized firms did not
grow significantly faster or slower in those sectors that had zero export growth.

The magnitudes of the coefficients are non-trivial. Consider a macro shock causing a 1% fall in exports.
The coefficients in column (2) of Table 2 suggests that the sales of an average firm (with mean decentralization
score of zero) will shrink three times as much as those of a decentralized firm (with a score one standard
deviation above the mean).?® Panel A of Figure 3 shows the implied marginal effect of decentralization on
sales growth as a function of export growth. These plots are obtained using the coefficients reported in
column (2) of Table 2. According to these estimates, decentralization has a positive association with sales
growth in all industries experiencing country-industry export growth below 8%. This corresponds to two-
thirds of the WMS sample in the post recession period, but only 12% of firms in the pre-recession periods
(this is shown in Panel B of Figure 3). In other words, the positive association between decentralization and
firm growth appear to be contingent on the wider demand conditions in the aggregate environment facing
the firm, which in turn may be one of the possible reasons for the heterogeneous levels of decentralization
observed in 2006. It is important to emphasize that we are not claiming that decentralization is always the
optimal form of firm organization-it is very much contingent on the different conditions that firms face.?°

The recession shock measure is industry and country specific. Therefore, in column (3) of Table 2 we
include a full set of industry dummies interacted with country dummies, as well as a set of other firm

controls (measured in 2006). The linear export shock is absorbed by the industry by country dummies, but

28Note that the growth rates of both firm sales and industry exports used throughout all regressions are multiplied by 100
(i.e 1% is 1 not 0.01)

29 Assuming the effects were causal for illustrative purposes, the average firm will see a drop in sales of 0.062% (the coefficient
on export growth) whereas the decentralized firm will see a fall in sales of just 0.020% (0.062 minus 0.042, the coefficient on
the interaction).

30Tn other work done using the WMS decentralization data (Bloom, Sadun and Van Reenen, 2012) we discuss other influences
on firm decentralization such as scale, human capital, complexity and culture. We exploit one source of this variation (trust)
in an instrumental variable approach discussed below.
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we can still identify the interaction of the shock with initial firm decentralization. Even in this demanding
specification, the interaction between decentralization and the shock remains negative and significant.?!

A possible concern with the estimates is that the SHOCK variable uses information dated over the same
period as the dependent variable, which may give raise to an endogeneity bias. Consequently, we test for
the robustness of the main results using as a proxy for the intensity of the Great Recession a measure of
the durability of the products in the four-digit industry calculated prior to the recession. We include a full
set of four-digit industry dummies to absorb the linear effects in column (4). Consistent with the earlier
results, the interaction between decentralization and the SHOCK is positive (since more durable industries
experienced greater drops in demand during the recession) and significant.??

An alternative exogenous shifter of the shock measure to durability is to construct a Bartik style IV
where we predict the change in exports from an industry-country pair. We constructed this for every HS
six digit commodity in a country by interacting the lagged (i.e., built using 2006/2007 data) export share
of the commodity from country r to a partner country p with the partner country’s growth in imports (of
that commodity) between 2006/07 and 2008/09 from all countries except country r. Summing this across
all partner countries and then aggregating to the three digit industry level gives an IV for the export shock.
The results from using this Bartik IV are very similar to those shown in Table 2.%?

Columns (5) and (6) of Table 2 repeat the specifications of columns (3) and (4) using the MOPS sample.?*
Remarkably, although drawn from a distinct dataset, a single country (US) and different survey methodology,
the results in this larger sample of plants are extremely similar to the ones reported using the cross country
WMS data. The coefficients on the interaction terms are of the same sign, statistically significant and of a
broadly comparable magnitude.

The results discussed so far suggest the presence of a positive relationship between firm and establishment
sales growth and decentralization in the industries most affected by the Great Recession. In Table 3 we
explore whether this relationship persists even when we examine Total Factor Productivity (TFP), i.e. we
estimate the most general econometric model of Table 2, column (3) but also control for increases in other
inputs such as employment, capital and materials on the right hand side of the equation. As discussed in
the introduction, some have argued that firms need to centralize during crises, so tough cost controls and

efficiency-enhancing measures can be driven down throughout the company. This would imply that, although

310ther measures of the demand shock give similar qualitative results to using exports. For example, using industry output
built from aggregating the ORBIS population data in the same way as exports (across the three digit industry by country cell
between the 2009-08 and 2007-06 periods) generates a coefficient (standard error) on the interaction term of 0.060 (0.015).

32The specification in column (4) can be regarded as the reduced form of an TV regression where we use durability
as an instrumental variable for the shock. When we use decentralization*durability to instrument for SHOCK*durability
in an IV specification on the sample in column (3), we obtain a coefficient (standard error)of -0.165 (0.052) on the
decentralization* SHOC Kinteraction.

33For example, the TV coefficient(standard error) on the interaction of export growth and decentralization is -0.065(0.029)
using the Bartik IV. This is similar with the OLS estimate of -0.047(0.018) in column (3) of Table 2. The first stage is strong
with an F-statistic of 29.5.

34Note that the linear export shock in column (5) is not absorbed by the industry fixed effects as the MOPS export shock
varies at the plant level.
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decentralized firms (or plants) may fare better on protecting sales revenue during downturns, they will do
worse in terms of productivity.

Column (1) of Table 3 reports the baseline results for sales growth on the subsample of firms with data on
factor inputs, while column (2) reports the productivity results.®>> Decentralization is also significantly and
positively associated with an increase in TFP during a crisis.*® Column (3) uses the growth of profitability
(Earnings Before Interest and Tax divided by the capital stock) as the dependent variable and also finds
a negative coefficient on the interaction although it is not significant at conventional levels. Column (4)
investigates whether the positive association also extends to the extensive margin of adjustment, using an
exit regression. The dependent variable is a dummy taking the value of one if the firm exited to bankruptcy
between 2007 and 2011 and zero otherwise (the regression is a Linear Probability Model, and the reported
coefficients are multiplied by 100 for readability). This shows that more decentralized firms also had a
significantly lower probability of exit in industries that were worse hit by the crisis. Columns (5) though
(7) repeat the analysis using the MOPS data, and again finds a negative and significant coefficient on the

interaction term between decentralization and the shock for sales, productivity and profits growth.?7

4.4 Identification and robustness

A concern with the results is that our decentralization interaction is simply picking up longer term trends

or proxying for some unobserved variable. To address these issues we took several steps.

Placebo test in a pre-crisis period First, we address the concern that the Decentralizationx SHOCK
interaction may simply be picking up some other time-invariant industry characteristic associated with the
magnitude of the recession and firm decentralization. As shown in Figure 2, the raw data suggest that the
differentials in performance between decentralized and centralized firms are confined to the Great Recession.
To further probe this result, we examine the relationship between sales growth and the Decentralization *
SHOCK interaction in a sample including years preceding the Great Recession in Table 4. Finding the
same results in this period would raise the concern that the SHOCK dummy captures unobserved industry
heterogeneity unrelated to the Great Recession such that decentralized firms always did better in certain
sectors. Thus, we regard this as a placebo test. We look again at three year differences in growth but instead

pool across the 3-year differences 2008-05, 2007-04, 2006-03 and 2005-02 to define the pre-recession growth

35The sample for the TFP regression is smaller due to missing data on some of the additional inputs needed for the production
functions specification (in many countries revenues are a mandatory item on company accounts, but other inputs such as capital
are not).

36The sum of the unreported coefficients on employment, capital and materials growth is about 0.9 suggesting decreasing
returns to scale (and/or market power). Measurement error may also be responsible for attenuating the coefficients on factor
inputs towards zero. Note that if we calculate TFP as a residual using cost shares as weights on the factor inputs and use
this as the dependent variable (dropping the factor shares from the right hand side) are results are similar to those from the
estimated production function.

37We have no exit data for MOPS as the survey was run in 2011 after the Great Recession, with our main results using the
recall question on decentralization in 2005.
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rates (in column (1) labeled (“year<=2005"), and 2011-08, 2010-07 and 2009-06 (as in the earlier tables) to
define the post-recession years (column (2)). Column (1) shows that the coefficient on Decentralization *
SHOCK is actually positive, although insignificant, in the years preceding the Great Recession. Column
(2) repeats the results of the specification of Table 2, column (3). Column (3) repeats the regression on
the pooled pre-crisis and post-crisis samples of the first two columns, and includes a full set of interactions
with a dummy indicator taking a value of one for all crisis years (the three year differences from 2009-06
and later) to estimate a “differences in differences in differences” specification. The coefficient on the triple
interaction POST2006 * Decentralization + SHOCK interaction is negative and significant, which implies
that the effect of decentralization in industries hit by the Great Recession is arising entirely from the Great
Recession years. We repeated the same analysis on productivity with very similar results in the last three

columns.

Observable factors correlated with decentralization We investigated whether the Decentralizationx
SHOCK interaction actually reflects other firm level characteristics correlated with decentralization exploit-
ing the very rich data we have compiled.*® Specifically in Tables 5 and 6 we augment the baseline specification
of column (3) in Table 2 with interactions terms between the Great Recession indicator and a series of ad-
ditional firm and plant controls. First, we include interactions with human capital of the workers as well as
the overall management quality of the firm (in the WMS measured as in Bloom and Van Reenen, 2007) or
the plant (in the MOPS). To control for the fact that centralization might reflect firms in low profit margin
market segments who always do badly in downturns (e.g. because their products are relatively homogeneous)
we include interactions with pre-recession profit margins. We also tried including measures of scale (size
of the plant and/or the firm), decentralization from the plant manager to production workers, technology
adoption (data-driven decision making), union strength and plant manager characteristics (age, immigrant
status and gender). Throughout these experiments the coefficient on our key Decentralization x SHOCK
interaction remained significant.?’

In the MOPS data we can implement a particularly tough test. Since we measure decentralization in

multiple plants within the same firm, for multi-plant firms we are able to include an interaction between

38]deally, we we would have an instrumental variable for decentralization, but there is no obvious candidate that credibly meets
the exclusion restriction. For example, regional variation in generalized trust in the population around the firm’s headquarters
is strongly correlated with decentralization (see Bloom, Sadun and Van Reenen 2012). We found that firms in high trust areas
outperform others in downturns—an interaction between regional trust and our export shock variable is significantly negative in
the performance regressions of Table 2. This reduced form is consistent with a mechanism whereby trust causes greater firm
decentralization and therefore fosters resilience in bad times. However, there may also be other mechanisms through which
higher trust helps firms outperform others during downturns, so trust cannot be reliably excluded from the second stage.

39 Although the additional variables were usually insignificant, there are exceptions. In Table 5, decentralization from plant
manager to workers exhibits a similar pattern to our main decentralization measure of power between the central headquarters
and plant manager. This suggests that decentralizing decision-making throughout the hierarchy is beneficial during times of
crisis. The management interaction is also weakly significant, although in this case the coefficient is positive. In other words,
well managed firms perform relatively better in good times than in bad times.
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the Great Recession indicator and average firm decentralization.’® This means that the coefficient on the
Decentralization «+ SHOCK interaction is identified solely off differences in decentralization across plants
within the same firm. Remarkably, the results remain significant even in the presence of the firm level of
decentralization and its interaction with export growth (coefficient of -0.023 and standard error of 0.010).
A further concern is that the SHOCK measure could be reflecting other industry characteristics rather
than the demand fall. In Appendix Table A3 we show that our key interaction is robust to including
interactions of decentralization with a number of other industry characteristics such as asset tangibility,

inventories, dependency on external finance and labor costs.

Validity of exports as a shock measure We have argued that trade changes are an attractive indicator
of the Great Recession shock, as they are more likely to reflect what is happening to demand in world markets
than being a reflection of country and industry specific supply factors. Furthermore, we have also shown
above that our results are robust to alternative indicators of the shock such as the industry-specific durability
measure, a Bartik style IV for exports or using industry output instead of exports. As a further check we
estimated our models separately for exporting establishments vs. non-exporting establishments using the
MOPS data (export data is not an item required in the company accounts data). As expected, the results

are driven by the exporting plants who are most directly exposed to trade shocks.*!

Asymmetries We investigated whether a negative shock differed from a positive shock by allowing different
coefficients on positive than negative shocks (defined either as positive export growth or export growth
above/below the median value). In all cases we found we could not reject symmetry. This is unsurprising

since in the Great Recession period most firms were experiencing various degrees of a negative shock.

4.5 The role of co-ordination costs

When there are large externalities between different plants belonging to the same firm, decentralization is
likely to be more costly (Alonso et al, 2008). For example, coordinating prices and product decisions from
the central headquarters is important if the sales of one plant’s products cannibalize those of other plants.
This may be less plausible in the case of WMS since these firms are medium sized (typically containing only
two plants and 233 employees). Nonetheless, to examine whether our results may reflect the importance of
differences in coordination in bad times, in Tables 7 and 8 we included interactions with many measurable
characteristics reflecting environments where coordination costs should be more important. These included

firm and/or plant size and whether a firm was multi-plant (so more need for coordination) and, if so,

40Bloom, Brynjolfsson, Foster, Jarmin, Patnaik, Saporta-Eksten and Van Reenen (2016) show there is considerable variation
in organization within firms across plants at a point in time.

41For example, using the baseline MOPS specification in Table 2 column (5) we estimate a coefficient(standard error) of
-0.036(0.012) on the Decentralization*SHOCK variable for the exporters (4,200 observations) and -0.011(0.012) for the non-
exporters. These results are shown in Appendix Table A7.
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whether these plants are located in different countries or different states. Similarly, we looked at whether
a firm was producing goods across multiple sectors (“diversification” dummy) or whether it was part of a
foreign multinational enterprise. We also considered the degree of outsourcing (a direct question in WMS)
and alternatively as measured by the ratio of intermediate goods inputs to total sales.

In all cases the main interaction between decentralization and export growth remained significant, and
in only one of the 16 cases was one of the other interactions significant at the 5% level.*?> Although co-
ordination costs matter in general for centralization, they do not seem to account for the better performance

of decentralized firms during downturns.

5 Extensions: Understanding the Mechanism

5.1 Turbulence: Product churn and stock market volatility

Our empirical findings strongly suggest that decentralization becomes more valuable in bad times. The
simple model in Section 2 suggested that one reason for this was that negative shocks may be associated
with greater turbulence (a higher u), which increase the benefits of local information (see equation (2)). We

now turn to study whether there is any direct evidence to support this idea.

Product Churn Our main measure of turbulence is changes in product churn in recession versus non
recession years as a proxy. Product churn is measured using data from the US Census of Manufactures
(CM). The CM, which is conducted in years ending in 2 and 7, asks manufacturing plants to list the value of
annual shipments by 10-digit product code. Plants receive a list of all the product codes typically produced
in their industry, along with corresponding descriptions of each code. Plants which produce products not
listed on the form are instructed to write in the appropriate product code.**We then measure the amount of
product churn at the plant level as the number of products added or dropped between the previous Census
and the current Census, divided by the average number of products produced in both Censuses. That is,

product churn for establishment 4 in year t is defined as:

#Products Added ; + + #Products Dropped ; ¢
0.5 (# Products ; + + #Products ; ¢+_5)

Product Churn ;; = € [0,2] (9)

Our measure of industry product churn is the average plant level product churn amongst all plants within

an industry (three digit US SIC-1987) which produce at least 3 products. We restrict attention to plants

42This is the materials share in column (9) in the WMS regressions of Table 7. Two other interactions with decentralization—the
number of plants and the number of manufacturing industries in columns (4) and (8) of the MOPS regressions in Table 8-are
significant at the 10% level. This could be taken as (weak) evidence that firms with more co-ordination issues with supply
chains, scale or industry diversification do worse during downturns when presumably lack of co-ordination becomes more costly.

43The ASM also has a 10-digit product trailer, but the question is formulated in a way that results in less detailed responses
than the 5-yearly CMF question, so we use the CMF to measure churn.
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with at least 3 products in order to reduce measurement error from product code misreporting.** Finally,
in order to measure the change in product churn by industry during the Great Recession, we calculate the
change in product churn from 2007 to 2012 as industry-level product churn in 2012 minus industry-level
product churn in 2007 (constructed from the 2007 and 2002 Censuses). 45

Before examining the relationship between sales growth, decentralization and turbulence (as measured by
product churn), we first examined whether decentralization really was greater in industries where turbulence
was higher. Figure A2 shows that this is indeed the case: plants in the top quintile of product churn industries
had a decentralization index about 0.2 of a standard deviation higher than those in the bottom quintile.
More formally, Table A4 finds a positive and significant relationship between decentralization (the dependent
variable) and product churn, particularly for decentralization of decisions regarding product introduction
and sales and marketing, as the theory would suggest. Furthermore, we checked whether product churn had
indeed increased more in industries that experienced a larger drop in exports during the Great Recession.
This is also the case in the data, as shown in Figure A3.

To investigate the empirical validity of the turbulence-based theoretical mechanism, we extend our basic

equation (8) to include both the change in CHURN and also its interaction with decentralization

Aln }/” = aDEC; + ﬁ(DECiO * SHOCKJ) + ’}/SHOCKJ‘ (10)

‘H]ACHURNJ‘ + u(DEC; * ACHURNj) + dxi0 + @ + T + g4

where ACHURN; is the change in churn in industry j (since we estimate this regression model only in
the US MOPS sample we omit the country sub-script). According to the model ¢ > 0, since churn increases
the value of decentralization. Moreover, to the extent that our export shock variable is proxying for rising
turbulence during recessions, we would also expect § to drop in magnitude in equation (10) compared to
equation (8).

Table 9 shows the results of this exercise.* In column (1) we estimate the specification in column (4)
of Table 2 for the subset of establishments for which an industry level measure of product churn could
be built. This has similar results to the overall sample, i.e. the coefficient on the interaction DEC;y %

SHOCK; is negative and statistically significant. Column (2) includes the DEC;, * ACHURN; interaction

44Establishments which produce the same portfolio of products in consecutive Censuses but misreport a product code in
one year will be incorrectly measured as having switched products. Product code misreporting is particularly problematic for
establishments with 1 or 2 products, for whom a single reporting mistake would result in very high measured product churn.
Our results are robust to using industries with plants with a lower cut-off of 2 or more products or a higher cut-off of 5 or more
products.

45Note that the measure is based on plants who survived between Census years. We also constructed an alternative measure
that included plants which died and entered between Census years in the construction of equation (9). This broader measure
led to similar results.

468ince we are measuring churn 2012-2007 (our Census of Manufactures years) we use as our dependent variable the change
in In(sales) between 2007 and 2012 which is why the sample is slightly smaller.
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instead of the DEC;y * SHOCK; interaction. In line with the model’s prediction, the coefficient on the
interaction with changes in product churn is positive and significant, i.e. sales growth appears to have a
positive association with decentralization in industries that experienced a greater increase in turbulence, as
proxied by product churn. Column (3) includes both interactions. The coefficient on the interaction between
decentralization and product churn remains positive and significant, while the coefficient on the interaction
between decentralization and growth in industry exports drops by a quarter in magnitude compared to
column (1) and is statistically insignificant. Columns (4) to (6) repeat the same specifications, this time using
durability as an alternative industry level proxy for the Great Recession. The coefficient on the interaction
between decentralization and product churn is positive and significant, and its inclusion again reduces the

magnitude of the coefficient on the interaction between decentralization and durability to insignificance.

Stock Market volatility We also use as an alternative proxy for the increase in market turbulence a
measure derived from the uncertainty literature. We measure the standard deviation in monthly firm-level
stock market returns in an industry by year cell over the population of publicly listed firms in each country.
The stock returns measure of uncertainty is the most standard firm-level measure and similar to those used
by Leahy and Whited (1996) for example. In a stochastic volatility model based on Dixit and Pindyck (1994)
the variance of stock returns will be a good predictor of the underlying level of uncertainty. These measures
are then used in changes as an alternative proxy for the increase in turbulence. In the US we pool at the
three digit SIC level as there are about 2,000 publicly listed firms. In the other OECD countries there are
fewer publicly listed firms so we construct the measure at the SIC 2 digit level. An advantage of this measure
is that it is available for the WMS as well as MOPS, but a disadvantage is that it is constructed only from
firms listed on the stock market (in the same industry).

Table 10 shows the results. In column (1) we reproduce the specification in column (2) of Table 2.47
In column (2) we use the interaction between decentralization and the change in the standard deviation of
stock market returns instead of our usual interaction. As expected from the theory, the coefficient is positive
and significant suggesting that decentralized firms outperform their centralized counterparts in industries
where stock market volatility has increased by most. In column (3) we include both interactions. The stock
market volatility interaction remains positive and significant whereas the coefficient on the export growth
interaction falls by a third in magnitude and is now only significant at the 10% level. The next three columns

reproduce the same specifications using the MOPS data showing a qualitatively similar pattern.

Summary on Turbulence Taking Tables 9 and 10 together, it appears that decentralized firms did

relatively better in industries where turbulence increased. At least part of the reason why decentralized

47The only difference is that we are using two-digit dummies instead of three-digit dummies to match the level of aggregation
for the stock market volatility measures.
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firms do better in bad times appears to be because the industries worse hit by the Great Recession were also

those where turbulence also increased, consistent with our simple model.

5.2 Types of decentralization

As a related experiment to shed light on the model we looked at the different sub-questions which form
the overall decentralization index, as shown in Table 11. Since the Great Recession was associated with
a decrease in output demand, we would expect that decentralization capturing managerial discretion over
outputs (sales and new products) would be more important than delegation over inputs (like labor and
capital). We start in column (1) by showing the baseline result of Table 2, column (3). In columns (2)
and (3) we repeat the estimation using as the decentralization index a z-scored average of the two questions
capturing plant manager decentralization for hiring and investment decisions in column (2), and for sales
and marketing and product introduction in column (3). In columns (4) to (6) we repeat the same exercise
for the U.S. MOPS sample.*

In both cases, the positive effect of decentralization in a crisis is primarily driven by the output related
questions. This finding provides additional insight on the possible mechanism through which decentralization
may positively affect performance during a downturn, namely the ability to better adapt to more turbulent
demand conditions.*?

One concern with these findings is the belief that in practice plant managers do not have meaningful
autonomy in decisions regarding sales and marketing and product introduction, and that these decisions
are typically undertaken in the marketing department of firm headquarters. It is worth recalling that while
this may be the case in business-to-consumer firms which sell their goods to households directly or through
retail establishments, it is less obvious in business-to-business firms which sell their manufacturing output
to other firms. The latter scenario encompasses a significant share of US and EU manufacturing activity.5%
Moreover, our firms are not so large—a median of 250 employees in WMS and 423 in MOPS so few of them

are likely to have standalone marketing divisions.

5.3 Do bad times reduce the costs of decentralization?

Our theory suggested that congruence could fall in recessions (the “centralist” view) leading to an increase

in the value of centralization. Our main result rejected this as decentralized firms performed better in bad

48In the U.S. sample we have 3 questions capturing plant manager decentralization for hiring and investment decisions in
column (5) and 3 capturing plant manager decentralization for sales and marketing and product introduction in column (6).

49Consistent with the previous sub-section Appendix Table A5 shows that the positive interaction between decentralization
and product churn is driven primarily by the sales and marketing and product introduction questions.

50 According the Bureau of Economic Analysis, over 90 percent of US manufacturing output goes to the man-
ufacturing sector, which will be primarily business-to-business transactions: https://www.bea.gov/industry/xls/io-
annual/IOMake Before Redefinitions 1997-2015 Sector.xlsx. This will be similar in Europe, which like the US has a higher-
end manufacturing sector focused more at business consumers (Chinese manufacturing output, in contrast, is more consumer
focused).
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times. There may, however, be alternative rationalizations of these results. Imagine, for example, that bad
times reduce the costs of decentralization because the plant manager fears that performing the non-profit
maximizing action might cause the firm to go bankrupt, and this will be more costly to the manager than
CEO, as he will take a larger hit to their income (e.g. through longer unemployment). To test this idea
we examine environments where the firm-specific risk of bankruptcy rose rapidly in the Great Recession.
We constructed several indicators of increased bankruptcy risk. In particular, we used the measures of
exogenous increases in exposure to financial crisis exploited by Chodorow-Reich (2014) such as exposure
to mortgage-backed securities (affected by the sub-prime crisis) and a firm’s pre-existing relationship with
Lehman Brothers or similar “at-risk” banks. These are pre-Great Recession conditions relating to the supply
of finance rather than product demand. We also used more conventional measures such as leverage ratios.
We found that these measures do predict negative performance in sales and other outcomes (see Ap-
pendix Table A6), as in Chodorow-Reich (2014). However, in no case did including these bankruptcy risk
variables (and their interactions with SHOCK or other covariates) materially alter the coefficient on the
key interaction of Decentralization x SHOCK when included in equation (8).5! This led us to conclude
that the crisis was not leading to greater decentralization by fostering greater alignment between the central

headquarters and plant manager.

5.4 Changes in decentralization over time

Recall that our identification assumption is that pre-recession decentralization is weakly exogenous and that
there are some adjustment costs which mean that after the Great Recession shock firms do not immediately
adopt the new optimal (more decentralized) organizational form. A corollary of our theory, however, is that
firms will start moving to a more decentralized form (to the extent that they believe the shock is likely to be
long-lasting). Hence, we should expect to see some increase in decentralization for firms and establishments
more exposed to the shock. Table A8 examines this by using the change in decentralization as a dependent
variable. This is a demanding specification, especially for WMS where the panel element of decentralization
is limited (we have data in 2009 and 2010 for a sub-sample of the 2006 wave). Nevertheless, in both WMS
and MOPS we do see a significant and positive relationship between the size of the negative shock and

decentralization.

51The coefficients on the Lehman Brothers variable cannot be reported due to Census disclosure rules. Note, because of the
need to match our data with the Chodorow-Reich (2014) data our sample size falls to 2,000 observations, so many of our results
are not statistically significant, but point estimates are similar and unaffected by the controls for financial conditions.
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6 Conclusion

When does decentralizing power from the central headquarters to plant managers increase firm growth? We
formalized a simple model where the CEO considers decentralizing product-related decisions to the plant
manager. The increased turbulence that comes with bad times has theoretically ambiguous effects on firm
performance. On the one hand, it may reduce the congruence between the CEO and the plant manager, thus
increasing the benefit of centralization. On the other hand, it makes the plant manager’s local information
more valuable, and so implies that decentralized firms will perform relatively better in unexpected downturns.

To empirically investigate these issues we collected new data on a panel of firms in 10 OECD countries
(WMS), and plants in the US (MOPS) and exploited the negative shock of the Great Recession which
reduced demand across industries and countries in heterogeneous ways. Using our pre-recession data on
decentralization we find that negative shocks hurt growth in centralized firms and establishments significantly
more than in their decentralized counterparts. This is true whether we use export shocks which vary at the
industry by country (WMS) or establishment (MOPS) level, or exogenous predictors of these negative shocks
like product durability. Further, as the localist model suggests, this effect is driven by the industries which
experienced a greater increase in the turbulence (as measured by product churn and stock market volatility)
that accompanied the crisis.

As discussed above, the effects are not trivial in size at the micro level, but we can also perform some
very rough calculations at the macro level (see Appendix B and Table A9 for details). We estimate how
much of the post crisis differences in GDP growth performance across countries are related to the different
levels of pre-crisis decentralization. Under this view, the fact that the US had relatively more decentralized
(and therefore flexible) firms meant that it could weather the global economic storm better than many more
centralized countries. Assuming the financial crisis was a common cross country negative shock, we can trace
out the implied post shock growth performance depending on each nation’s average decentralization. We
calculate that greater decentralization in the US could account for about 15% of the US ’s superior GDP
growth post 2012-2007 compared to the other OECD countries in our sample.

We see our paper as a first attempt to unravel the relationship between growth and the internal orga-
nization of firms using micro data with observable measures of decentralization. There are many directions
to take the research. First, we need to look at the ways in which, in the longer-run, firms change their
organizational forms. For example, as the effects of the Great Recession recede, how will the growth effects
and degree of decentralization change? Second, we would like to go deeper into the relation between the debt
structure of companies (and so their bankruptcy risk) and the incentives for firms to change. Finally, it would
be valuable to examine the macro-economic implications of our modeling framework in more detail. Do the
effects we identify matter in terms of thinking about business cycles and how economies and companies can

be resilient to these adverse events?
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Figure 1: Changes in Sales by Shock and Decentralization
Panel A - WMS Data
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Notes: Panel A uses WMS firm data from 10 OECD countries. In Panel A the bars plot annualized average of three-year
firm-level change in In(sales) over 2011-08, 2010-07 and 2009-06. 95% confidence interval bands reported. “Export Shock” is
whether firms were in a country-industry cell that experienced a drop in the average level of exports in 2008 and 2009 (the
main Great Recession years) compared to the average level in 2006 and 2007 (the latest pre-Recession years). Right hand side
bars are industry-country cells were the shock was worst. Firms are split into whether they are decentralized (above the overall
mean of decentralization in 2006) or centralized. Sample size in each bar in Panel A (from left to right) is (1) 695 observation
over 296 firms; (2) 863 obs, 352 firms; (3) 736 obs, 316 firms; (4) 857 obs, 367 firms. Panel B is the same as Panel A except we
just use one 2009-06 long difference for plant sales growth and decentralization dated in 2005. The sample in Panel B includes
8,774 US plants in 3,147 firms.
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Figure 2: Changes in Sales by Shock, Difference between Decentralized minus Centralized Firms
Panel A - WMS data
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Notes: Panel A uses WMS firm data from 10 OECD countries. In Panel A, the lines plot annualized average three-year firm-
level change in In{sales) for decentralized firms minus annualized average three-year change in In(sales) for centralized firms,
distinguishing between firms that experienced an export shock during the Great Recessions, versus those that did not. Growth
rates are shown for each year starting with the 2005-02 growth rate through the 2014-11 growth rate. "Shock" is whether firms
were in a country-industry cell that experienced a drop in exports in 2008 and 2009 (the main Great Recession years) compared
to 2006 and 2007 (the latest pre-Recession years). Panel B uses MOPS plant data from the U.S. In Panel B, the lines plot
annualized average three-year plant-level change in In(sales) for decentralized plants minus annualized average three-year change
in In(sales) for centralized plants, distinguishing between plants that experienced an export shock during the Great Recessions,
versus those that did not. Growth rates are shown for each year starting with the 2004-01 growth rate through the 2015-12
growth rate. "Shock" is whether plants produced products (measured before the crisis) which on average experienced a drop
in exports in 2008 and 2009 (the main Great Recession years) compared to 2006 and 2007 (the latest pre-Recession years).
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Figure 3: Effect of Increase in Decentralization on Sales Growth
Panel A
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Notes: WMS Data. Panel A plots the implied marginal effect of decentralization on firm sales growth using the coefficients in
Table 2 column (2) as a function of the shock (export growth in cell). Panel B shows the distribution of firms in industry-country
cells with different levels in cell). Panel B shows the distribution of firms in industry-country cells with different levels of export
growth before and after the Great Recession.

30



‘SO Y} woly g [pued pu' SINAA 943 WOy so19s1ye)s aA1dLIdSap Sulejuod y [pued ‘g o[qe], ul pasn sejdwes uorssaiSal 9y} o1 9so1], :S9I0N

LTET 07Tl 86'CI (Ansnpur ay3 ur paonpoid SpooT JO 991AI3S JO SIBIA UBIPAW ‘SnONUIIu0d) AJjIqein(g
66T €8°C 16°1- (L0790 01 2AnIB[2I 6()/80 Ul s110dxa jonpoid ur 93ueyd 9, ‘snonunuod) syrodxyg
001 L1°0- 000 9100 UONBZI[BNUSI(]
6911 8T'L 311 00139(q 9391100 ® ym sookojdwy 9,
16'18Y 00°S¢l 18°6¥C (yuepd) yuswhordwy
TI8T eey 23! (wyy) Juowkordurg
Py 81 90°9- 60°L- (eSueyo F0] pazijenuue SIBaA ¢) YIMOID) SI[BS
09°¢0v 0S50S OF'LET (SUOI[IIAI$) (6007) S[9AT SAfes
ronshad UBIPIAl UBIAl dlqeLIeA
plepue)S ) :
SdO - Bje( sSnsudy) "S°(] g [Pued
0S°61 0001 €O°€I (Ansnpur ay3 ur paonpoid spooF Jo 991AI9S JO SIBIA UBIPAW ‘SnonuIjuod) Ajrqein(g
96°0C ro- 96°1- (L0/90 01 9AnE[RI (/80 Ul 110dXd A13UN09/10399s Ul 93UBYD ¢/, ‘SnonuIIuod) sprodxg
00°1 ¥0°0- 000 9100S UONBZI[RIIUAII(]
IG°LT 0001 €91 00139 939110D ® ym sadkordwy 9,
9¢evST 00°0S1 €6'CET (querd) yuowkojdwyg
LLYYIT 00°0S¢ 6E VLS (wury) yuowkordwy
I€¢l [8°6G- 8¢€'9- (98ueyo F0] pazijenuue SIBAA ¢) YIMOIL) SI[BS
Ivels LOL9 vI'v81 (SUOIIING) S[2AQT SI[eS
uoneIAd(q
piepuels UBIPIJA UBIAl dlqeLIeA

£9AINS JUIWISBURIA] P[1OAA V [PUBd

$o1981IR)G ATewrmung :T S[qRT,

31



*(e0138p 9387100 & YIIM
soakordurs Jo o4)uy oYy sI S[[Is aIe (juswidodurs)uy axe azis jueld pue ur,] ‘([rew £q IO SUITUO PaIlomsue sem A9AINS o} IOYRYM SJOIN PUER SeruIunp jsATeue sopnioul
0S[® SINAA ‘UOLIRIND PUR Yoam 917 JO Aep ‘91008 AJI[Iqel[od S MOIAIONUI o) pUe A}LIOTUSS [BOIDIRISIY pUR oInud} s.tofeuewr jueld) ,S[OIIUOD JSIOU, pUe SolUUTUND Ieak
pue A1punod ¢((y) uwnjoo ur p8Ip Inoj) A1psnpur 4181p 9919 9PN[IUL SUWNod [y (g) UWN[0d I0J 9Opg Ul UOISsdey Jealr) oyl 04 Joud gsnl peonpoid juerd oy sponpord
a1 10J (LSH) [049] 1onpoid a1y 1e (srodxe)ur ut (£00z,/900¢ 0 peredurod afersse 600g,/800g) #3uryd afeIeae ay) ST pue ‘(F)-(1) suwnjod ur (s1esd Uorsseda -a1d jseye|
a1]1) a8eIaA® ) 00g PUR 900g @Y} 0) pareduiod (SIea UOISSEI9Y JeSIY) UTRW 87[}) 98IsA® §00Z PUR 00 9Y) Ussmiaq [[#d AIIsnpul NSIp 881y} 4q A19unod ur (syrodxs)uy ut
oBuetp ST ,ymo1) THOJXHy "SI0 10§ G007 PUe SINA 10§ 900g Ul peinsesur uoljezijenyueddd “((9) pue (g) suumioo) SIOIN Ul 90-600g 3snf pue ((F)-(T) sumnoo)
SINM Ut pajood are 90-600Z Pue L0-010Z ‘80-110¢ “(sores)u] wiry jo oa3ueyd Iee-9o11) pazi[enuue o1} sl a[qeltea juapuadep oyJ, *(9)-(f) suwnod ur Arysnput gsnl
pue (g)-(1) suwin[od ur [eAd] A1punod Aq AI13snpul JISIP-o9Iy) e Pololsn(d SIOLI® PIepuels Yim S0 Aq potewWIISH [0AS] YT wxx ‘%G sx ‘%0T 1€ JUedYIudis, :S910N

€IS €IS €IS KD4€DIS  KD4EDIS  K1D«EDIS 19)sn)
A SAX SAX SIX SIS QuawAojdwd juepd 29 wrar
SIX SIX SIX sdruwnp Anunod Aq Ansnpuy
s[jon3uo)
vLL'S vLL8 ISI°¢ IS1°¢ ISI°¢ IST°E suoneArdsqO
LY1°E LY1°€E 0€E’T 0€€°l 0€€°l 0€€°l SuLILg
(160°0) (#61°0)
xxx[8€°0 xxC05°0 ALI'TIAVINA::U32q
(600°0) (810°0) (€10°0)
x*x£C0°0- 2xL¥0°0- #xxCV0°0- PIM0I) LTHOIXH < IU39Jq
(120°0) (620°0) (620°0)
LT0°0 #%C90°0 %%690°0 PMoI) LAI0dXH
(¥€T0) (0€2°0) (TLS0) (L1¥0) (zog0) (Tog0)
81°0- #x%£85°0 09%°0- Iv0°0 €9¢°0 %*6LS0 uonezije.nuaddq
(SdOIN) Bre( snsud) 'S'N (SINAL) A9AINS JUSWIISEURIA] PIIOAN YIMo0.9) sI[eS = d[qeLie A judpuadaq
9) () ) (€) (4] (1

S)NSI UTRTA - [IMOIX) So[eS PUe UOIJRZI[eINUSIa(] ¢ O[qe],

32



,98I0T,, pue S[[Is ‘0zis jue[d pue WIY JOJ S[OIIUOD PUR SOIUWIND Iedd pue AIjunod Aq AIpsnpul HSIp 9917} 9PN[OUl SUWN]OD [[Y

*S[0J3U0O

“(2)-(g) suwmiod U1 900z UI UOISSAOBY

1eaIr) ay) o) Jord 9snl peonpoid juerd ayjy sjonpord oyl 10 (LSH) [e4e] 1onpord a1y 1e (syrodxs)uy ut (2005/900¢ 01 peredwod aSeisae 600g/800¢) 28ueyd a8eiase oY)
st pue ‘(f)-(1) suwn(od ur (s1esk 1oIsse0s-a1d 1s9ge] 1)) aSeIsAe L00Z PUe 900FZ oY) 03 pateduiod (sIeak UOISSaDaY] Jesly) Ureul oY) aSelsae g00Z PUE 007 I UsdMIdq
192 Axysnput 4181p 92113 Aq £19unod ul (sprodxe)uy ut a8uerd st , Mol TOJIXH, SdON 107 G00Z PUR SINAA 10J 900g UT POINSEITI UOTRZI[eINId(] ANIqepPeal I0J 00T
Aq pordrynur oI WOISSAISAI 41X 9T UO JUAIdYJ0D Y], ‘Adjdniyueq 0} PolIXa )1 JI 0 PUe §00FZ I9)e POAIAINS WIIY dY4 JT T 09 [enba sI reataing “(SJOIN UI 900Z-6007 1snl
pue SINAA UI 90-600% PU® L0-0T0Z ‘80-T1T0¢ @duaidgIp Suof ay) [ood am d[qeries juapuadap asoy) [[e 10 -(sosuadxa [RIUAI - S[RLIOYRU - [[Iq aSeMm - sofes queld se painseaw

sigord) SJOIN 10} Tended/sigord sso1d pue SINAA 10 [eided/ 1M ST YimoId jjoid ‘uolsseIdal oy} Jo opis puey JyII oY) uo s[ersjew pue Jejrdes ‘juswdordurs jo

11013 a1} apnoul am 1dedxs y)moi3 seTes se aures o) S [1mo1d JAI, "(se[es)u] wiy Jo a3uryd Ieak-0e17) pezi[enuue ay) SI y1moid safeg '(2)-(g) suwnjod ur L1ysnput
snl pue (g)-(1) suwnjod ul [oad] £19unod Aq A19snpul JSIp-9d11) 18 PoIaIsnd SIOLd plepuels UM §TO AQ porewilISH “[0Ad] YT wxs ‘%G sx ‘%0T 1€ 1UIeOYIusIs, :s9l0N

€DIS €DIS €DIS KD4€DIS  KD4EDIS  KD4EDIS KD+ EDIS J9sn|)

vLL'S vLL'S vLL'S €99°C TILT 6€8°C 6€8°C SUONBAIISqO

LY1°E LY1°E LY1°E €99°C T61°1 11C°1 11C°1 SULILY
(1€0°0) (z200) (600°0) (L¥0°0) (S90°0) (€10°0) (L10°0)
#£790°0-  %x¥S0°0- #%£20°0" £980°0- 890°0- #+£€0°0" #5%870°0- PMOL) LIYOd XTI
(19L°0) (805°0) (0£z°0) (€16°0) (L6S°T) (LS€E0) (00t°0)

LT0°0- 86€°0- #+£85°0 €el 96€°0- €97°0- L10°0- uonezIENUINQ
YImoas yImoas YIMoa3

joag dIL yImo0ag s9fes [BAIAINS joag YIMO0IS J L YIMoig sa[es dqeLie A Judpuwadaq

(SdOIN) &1 Smsud) "SN (SINAY) A9AINS JUSWISEURIA PIAOA\
03] (9) (9] (2] (9] @ )]

SOUIODIN() [9ADT] ULIL{ ATIRUINY :€ O[QEL

33



‘(sorurwnp j4sAJeue pue uoljeInp pue Yoam
911 Jo Aep ‘01008 AYIRI[OI S, MOIAIOIUL 91} pUR AJLIOIULSS [RIIYIIRIDIY PUR oINUd) s IoSeurew jue[d) ,osiou, pue S[[Is ‘ozIs jur[d pue Wy 10J s[o1juod pue ‘sired A1puUnod
Aq A1ysnpur 1131p 9817} 10] PuR IeaA I0J SSIUIUND SPN[IUT SUWN|OD [y *(SIeak uorssaday -o1d 1se9e] o)) a8eIase 00 PUR 900Z 917 0) peredwod (SIesd UOTSSEIY JRAID)
urew ay}) afeIeA® GOOG PUR 800F O} UsaMIa( T[e0 A1isnpur N3Ip 881y Aq A19unod ur (sprodxs)uy ur 83ueyod SI ,YIMOIH) THOJIXH, 9007 Ul painsesw are juswdordurs
juerd pue Wil papnOUIl 9007 I99Je sIeak [[e ul T anfea Jurye) Aurunp e st ,, [SOd, ‘10119803 seouaioljip Suof asety) [re [ood (9) pue (g) suwinio) ‘zZ0-S00Z PUR £0-9007
%0-,002 ‘G0-800% S9oudIalIp Suof asn am () pue (1) suwnjod ul pue 90-600¢ PUB L0-0T0Z ‘80-110Z SooUaIofIp Suo[ asn am (g) pue (g) SUWN[0) 10 ‘UOISSaIdal ay) JO
opIs puey 1ySLl oY) uo s[elIojew pue [ejided ‘quowrdojduwo Jo y1mol1d o1 opnjoul am 1deoxo YmoI8 so[es se auwres ayj SI [moIs8 J4.T, “(sees)u] Wiy Jo agueyd Ieok-001()
poezifenuue oY) ST [1M0I3 s9[Rg ‘[9Ad] A11Un0d Aq A19Snpur NSIP-901) 1@ PaIa)sn[d SIOLIS PIRPUR)S YIIM ST Aq PoIRWIISH “[9A8] YT sus ‘%G sx ‘%0T 18 JURDYIUSIS, :S9ION

KD« €DIS KD €DIS KD €DIS KD €DIS K1« €DIS KD €DIS RysnpD
Y019 6£8°C S9T‘¢ SI189 IST1°¢ £99°¢ SUONEBAIISGO
1121 11T°1 166 0€€’T 0€€’l 080°T SULIT{

(910°0) (610°0)
#x9€0°0" 5% CS0°0" Wou1) LYOdXA U0NeZI[eNUIN[ LSO
(05€°0) L2y 0)
L8E0- 68€°0- UONEBZI[ENUIN . LSOd
(120°0) (#20°0)
#xxSTT°0 #%x680°0 PMor) LYOIXA+LSOd
(Z10°0) (€10°0) (S10°0) (S10°0) (810°0) (L10°0)
£00°0 #x£€0°0" £00°0 £00°0 #xL 00" S00°0 PMOI) LYOdXT = UONBZI[BUD(
(292°0) (LSE0) (90€°0) (01€°0) (L1¥°0) (P€€0)
8€0°0 €97°0- L1T°0- S9€°0 1¥0°0 1220 uoneZI[E.NUIN
nv 9007=<183X  S00T=>18dX nv 9007=<183X  SO0T=>18dX spdwes
SYSQ.-U dAL ——«?GHU mv_&w "o—a—&mh&\/ a:utﬁoauﬁ
9 (9] (%) (© 4] (1

1591, 0qd®[J :F O[qRL,

34



"A[oA190adsal ‘orewr 10 A19unod ugoio] v woly st Jedeuew jueld j1 =108euew jurld o[e]\/US0I0 ‘AWOUOINE IOYIOM UO SUOIISoND g JO 9FvIaA® POIOIS-Z
979} ST UOIJRZI[RIIUSISP IONIOAN 'SoTes IaA0 17goId Jo [eas] uorssedai-axd oY) ST UISIRW J1Jol '99I30P SIO[PYDR] B [Yim seaiojduws Jo jusediad 8y} Jo WYIIL3O] TRINJRU BY)
st (90180p 880100 ® )M seakojdure jo oFejuediad)SorT,, *(S[Telap I0] 00 USULsY] URA PUR WOO[g 88S) suoljsenb juswedeurwr parods-z g1 Jo a8eIsse Palods-z oY) SI
juetaSeue]y (1mo18 110dxe UM PajORISIUI pUe IedUl]) SINAA 9} WIOIJ S9[qRLIRA [RUOIPPR Yiim pajusumdne 1deoxe (g) UMIN[od g 9[qR], Se duIes o1} aIe suorjesyadg
SUTIN[OD [® UI [9AS] AIJUN0D Aq AIISTPUL JISIP-981Y) IR Pale)sn[d SIOLIS pIepuels YHm SO Aq pojetilsy "[oAS] YT wxs ‘%G xx ‘%0T 1B TUedYIUSIs, "ere SINA :SRI0N

£104€0IS  K1D4€DIS  KD4EDIS  KD4+£DIS  K04£DIS  K1D4EDIS  KD4€DIS  K1D+£DIS 12380
5413 IS1€ ¥8LT L60€E S06T IS1€ IS¢ IS1€ SuUonEAIdISqO
(€60°0)
$01°0- PIMOID) 110dX 93V JaSeuey Jueq
(9960
L89°¢- a3V Jadeury Juelq
(zs0°0)
900 PMOI) LIOIXH x195eue Jueld el
(299 1)
76¢€°0- ._uwﬂ—:wz jueld 9.
(690°0)
##4C81°0 PMoI) LIOIX A JIFeueIy Jue[d uspIoq
(€670
8LY0 J93eURIA JUB[J USII0]
(0+0°0)
«7L0°0- PMOID) LIOdX T »UOHEZI[EIIUINIP ,SINI0A
(S10°1)
8¢0°0- UONBZI[B.IJUIIIP SINI0OA
(802°0)
LIT'0 WPMOID LIOd X (101553931 d1d) wISaey 3yoId
(€€8)
€V9°L (uo1ss323.1 dad) urdaeyy Jyoag
(520°0)
«TH0°0 PMOID LAOdXH - UdWIFEUB|
(#99°0)
LL60 JUIWISRURBIA
(8€0°0)
€200 PMOID) LHOdX A =(99139p 9391103 € yim sadkojdurd 9, )30
(or€0) (¥e€0) (95€°0) (9¢€°0) (9¥€°0) (62€°0) (€€€°0) (0g€0)
£TH0 £87°0 98%°0 6110 TIE0 6£7°0 9050 0L¥0 (30133p 3301102 & YA s3aK01dwd o)30]
(610°0) (810°0) (020°0) (810°0) (610°0) (810°0) (810°0) (810°0)
#x070°0~ #%L¥0°0" #3:670°0~ #x£70°0~ #%£70°0" #7500~ #x9¥0°0~ #%L¥0°0" PAMOL) LAOd X U0NBZI[e.uddRq
(¥zr o) L1t°0) (1st°0) (1€4°0) (o¥t°0) (€2v°0) 91t°0) (L1¥°0)
8L0°0- ¥+0°0 120 9%0°0 0500 860°0- 9200 100 UonEZI[EIUND(

YIMOID) SIeS :d[qeLIeA Judpuadoq
8) (L) ) [©) (2] (€) () (1))

eYeP SINAA UI SO[CRLIPA [OAJ[-ULIY IOYJ0 YIM [[3M0I8 310dX0 JO SUOIORIIUL O} S}NSII JO SSIUISNAOY :C O[qRT,

35



‘morun Ioqe| © Jo sIaquIauI aIe jet) seakojduis Jo ofejusoiad o1 SI UOIU(),, *90130p sIo[UDe] ® M seakodws Jo jusoiad oY) Jo wyjLresor
reIngeu a1y} st (92180p 9997102 © Yim seskoidws Jo a8 uedtad )30, ‘SUNYRUWI-UOISIDAP Ul ©)ep JO A)I[Iqe[leAr PUe 9SN oY) UO suoljsonb g jo s8erose pal1ods-z a1} st  Sunyey
-UOISTOa(] USALI(J-B)e(T,, ‘So[es a0 17old Jo [9Ad] UOISsanal-oxd oYy st urSrewr jgolJ *(S[rejep I10j €107 ‘[€ 10 WOoOo[¢ 99s) Suorisonb juowedeuewl polods-z QT jo oSeroae
Pa10ds-z a1} ST jusweSeur]y *(Y1moId j10dxe )M pajorIajul PuR IesUl]) SJOIN 91) WOIJ Se[qelIeA [RUOTIIPPER )M pajuswiSne 1deoxs (g) UwNod g J[qr], S® dUIeS 91} aIv

suorjeoyredg SUWNIOD [[& UI [8A8] AIJSNPUT J1SIP-8017} B PAISISN]D SIOLIS PIRPURIS UM GTO AQ PRIRWIIISH '[0AS] YT wux ‘%S 4 ‘%0T 1B 1UROYIUSIS, el SJOIN :S210N

€IIS €JIS €JIS £JIS £JIS €IIS €JIS 1)sn)
YLL'S YLL'S YLL'S YLL'S YLL'S YLL'S YLL'S SUONEBAIISqO
Ly1'E L1 LY1°E Ly1'E Ly1°E L1 L1 SULIL
(6¥10°0)
€100°0 }o0YS 310dX 7, UONLZI[RIIUIII( WL
(19t°0)
8810°0- UONBZI[B.IIUIII( ULIL
(920°0)
100°0 }ooys yrodxy . uorun
(L99°0)
*xLEC 1~ uorun)
(100°0)
100°0 PMOID LHOIXH(99139p 339109 € Yim sdakojduwd ¢ )30
(900°0)
€000 HI0YS 110dX ] SUDEIA-UOISII( UdALIQ-EIE(
(902°0)
SHE0- SunjeIA-uoISI( WIALI(J-B)e(
(8+0°0)
150°0- }ooys 110dx 7 . (u01s$999.1-3.1d) urdaewn yjorg
(esT1D)
#4x8SY'L" (u0188399.1-3.1d) urd.aeur Jyo.rg
(900°0)
L00°0 }ooyg 310dxH JudwWIGeUueIA
(622°0)
o FLENNEY 114 1\]
(10°0) (600°0) (600°0) (600°0) (600°0) (600°0) (600°0)
#x1€C0°0"  %xLTT0'0-  %x6CC0°0- *%9CC0°0" #*x5€C0°0" #*%C€C0°0" *%0£20°0~ PMor) LAOdXHUoneZI[e.nuaddq
(60€°0) (€20) (€2°0) (622°0) (LzT0) (822°0) (€20)
*L6S°0 #%x%x596°0 #x%xL8S°0 #%x%x99S°0 #xVCS°0 #xELS0 #*%x£8S°0 UuonezZIenuaddq

YPIMOoI9) SIeS :dqerieA judpudda
(L) 9) (<) (¥) (€) 4 (1
'I1eP SJOIN Ul SO[(RLIRA [OAD[-ULIY IOTJ0 YIM [IMOIS 110dX0 JO SUOTIORIDIUT O SHNSAI JO SSOUISNOY :9 d[qRL,

36



(sS1990 woaj) syndur Spoo3 9)RIPSULIIUT 8IR JRY) SO[BS JO UOTIDRIJ ST} ST SIRYS S[RIISIRIN "ABAINS SINAA °1) U uorissnb e st woronpoid padInosino jo
aIeyg 's9pod FDIS Arewrrd o[dijjnur sey WIY oY) JI T= POYISISAL(] ‘[RUOIJRUIINT d)Sewop 10 udeIo] e 0y sfuofeq jueld ay) Jr 7= [euorjeunniy ‘(Y1mo1d jrodxs yjm
Po1ORIIUI PUR IeJUI[) SO[(RLIEA [RUOIIIPPE )Lm pajusurSne 1daoxe (g) Umwn(od g o[qe], se aures oy} oaIe suolyedoyrdads TOAd] YT syux ‘%G sx ‘%401 18 Jueoyruss, :SejoN

KD4€DIS  KD«EDIS  KD4EDIS  KD4EDIS  K1D4EDIS  KD4EDIS  KD4EDIS  KD«EDIS  K1D4EDIS 10D
1021 620°¢ I1s1°¢ I1s1°¢ I1S1°¢ LTIE So1'e I1s1°¢ I1s1°¢ SUONEAIISqO
(LS€°0)
*xL18°0 PMOID LIOIX A 18YS S[BLIdIBIA
(90°L)
166°9- JIBYS S[BLIIBIAL
(T10°0)
1000 PMoID LIOdX A (uononpoad padinosino dreys)uy
(182°0)
0600~ (uondonpoad padanosino dreys)uy
(6£0°0)
9100 PMorD LIOIX A <[euopeunny uspI0q
(€££8°0)
*x0C8'1- Awunp [euoneunny uSI0
(0eL'm)
1691 PMor) LIOd XU [euoneunmiy
(¥8€'1)
*8LY' T [euoneunnNIA
(ss0°0)
LT0°0 PIMOID) LHOdXH »UONBIYISIIAIQ
(868°0)
0¢'l UONEIYISIIAIQ
(200°0)
€000 PMoID) LIOd X531 uonanpoud yo “oN
(L20°0)
£00°0- s3)1s uondnpoad jo ‘oN
(120°0)
800°0 P]Mord LIOdX A« (sda401dwd juerd)uy
(€15°0)
8CT0- (sdaLordwd yuepd)uy
(918°0)
0v6°0- Pmord LIOIX A (sdokojdwd)uy
(L¥0°0) (610°0) (810°0) (810°0) (810°0) (810°0) (810°0) (810°0) (810°0)
#7600 #x910°0~ #%%050°0- $%LV0°0" #52LY0°0" %9700 #5100 $xLY0°0" $xLV0°0" PMoID LHOdXH:-U0NBZI[eUNRq
(€86°0) (8¥+°0) (€1°0) (61t°0) (€1t°0) (T o) L1t°0) 81t°0) L1t°0)
19€°0 €10°0- LT10 L90°0 900 SIT0 7900 0500 1¥0°0 UONEZI[BNUI(
YIM0ID) SI[eS d[qeLIBA a=oﬁ=0&oﬁ—
(6) (8) (L) (9) (S) (2] (€) (7) (1)

©)R(] SINA\ JUOIIRUIPIOO) 10] SUIAXOIJ UOT)eZI[eIjUad9(] ST L 9[qRL




P02 DTV N H3Ip-9 se pauyep AIjsnpul ue Yim A[Ie[ruis pauyep st ,tue[d 1se81e] se L1)SNPUI dwes Ul ST JUB[J, 'OSIMIDYI0 () PUR ‘600g Ul juowiordwe
Aq querd jse8re] s WIIY 8y} Se 9e)s "G ) awres ayj ul st juerd J1 T sfenbs querd 1se8re] se 9je)S awres Ul SI JUe[d, '600¢ Ul STUSWIYSI[qRISe FULINIDBJNURM S, ULIY 8Y)} 0
pousisse (SOIVN MS1(-9) sepod A1jsnpul Arewtid anbrun jo requnu a1} Jo 301 oy} sI ,(SOLIISNPUI SULMIORINUBW JO “ON)UT, 9SIMISYIO O PUR 600Z Ul (SDIVN MSIp-1)

sjonpoxd omy jses] je peonpoid jueid e J1 T stenbe | jonpordimiy,, *(g) UWN[OD g B[qL], S® SUIeS o} aIe UOIYeoYIIAdS [0AD] YT wyy ‘%G sy ‘%0T 1€ TUROYIUSIS, , :S9ION

€IIS £IIS €IS £IIS £JIS €JIS £IIS £IIS £IIS 1sn)
vLL'S VLL'S YLL'S YLL'S YLL'S vLL'S VLL'S YLL'S YLL'S SuoneAIRSqO
(rLE0)
8610~ uonezZIenuN( Jueld )sagae[ se Lnsnpul dJwes
(1))
9L0 juepd )sagae[ se Ansnpur dures ur s1 Jue[g
(020'0)
%C9¢°0 UONERZI[E1UIINI(] 4 (SILNSNpUI SULINJIBINULT JO "ON)U]
(620°0)
L¥0°0- (Sorpsnpul urnjdeynuew Jo “oN)U|
(6¥€°0)
8¥1°0- uonezI[e.NuIN( Jueld 3sag.ae| se 3je)s dues
(¥$S°0)
*€10°1 juepd 3so3ae] se d)e)s dwies ul SI Jueq
(910°0)
0200 uoneZI[R.NUIN( . (Syuefd /m saje)s Jo “oN)u
(0£0°0)
200~ (syuepd /m sdye)s Jo "oN)U
(6£1°0)
961°0 uoneZI[eNUIN( L (Spuerd Jo *oN)u
(Lzg0)
%LSS°0- (syued jo *oN)u
(811°0)
*861°0 UONEZI[B.NUIN ([, (udwAoidud wayy)uy
(000°0)
0000 PMor) LIOdXH:(Gusmopduwd urng)uy
(900°0)
€000 PMoI) LHOdX T (uawsoduws yuerd)uy
(s810°0)
¥910°0 PMOLD) LHOXA=1onpordympy
(S6v°0)
*x090°1- jonpoadnny
(600°0) (600°0) (600°0) (600°0) (600°0) (600°0) (600°0) (600°0) (600°0)
*%x£C0°0~ *%CC0°0" *x£00°0~ #*x£00°0~ #x¥C0°0" *%xCC0°0" *%£C0°0~ #xCEC0°0-  %xx€C0°0- PaoL) LI0dX A UoneZI[e.nuaddq
(992°0) (L9T°0) (182°0) (L97°0) (62€°0) (86L°0) (€20 (8220 (€20
#%x958°0 Sre0 *%x9€9°0 9LE0 SI1°0 G880~ *%£85°0 #xx119°0 *x£86°0 uonezIe.nuINq

YIM0I9) sI[eS d[qeriea judpuadaq
(6) (8) L) ) (S) () (€) ) (1
)R SAOIN {UOIIRUIPIOO)) 10 SUIAXOIJ UOTYRZI[RIIUSIS(] ST 8 ORI,

38



*(g-1 pue } uvamiaq s1onpoid jo requunu aderase)/(g-1 pue 1 usemiaq paddorp syonpoid requnu ay) snid G- pue 3 UseMIdq PIPPR s1onpold Jo Iequunu) oY)

ul 93UuRYD 9SRIOAR O} JO ON[BA [9A[-AIISTIPUT NSIP 901Uy o) ST \NUNHD LONAO0Yd, "([rew £q 10 aUI[UO palomsue sem A9AINS o) IOYJOUM PUR ‘UOIJRIND DUE Yoom dYj}
Jo Aep ‘01008 AV[IQRI[AI S, MAIAISIUT 9} PUR AJLIOTUSS [RIIYDIRISIY PUR 9INU) S Jofeurw jue[d) ,SOIIU0D BSIOU, PUR SIS ‘0zIs jue[d pue WY ‘seTwunp A1psnpur J18p
9911} SPNIOUT SUWN[OD [y 900 UI UO0ISSeds Jealr) a1y 01 1o1id isnl peonpoid juerd ey) syonpoad oy 10] (LSH) (048] jonpoid ay) ye (syrodxe)uy ur (sdeisae ,00g,/900¢
0) peredwod a8eiar® 00g/800g) @8ueyd #SeIaA® SI |\ YIMOID) THOJIXH, 'G00E Ul PaInsesul UOIRzI[RITUSIS([ L0-g10g (Se[es)u] wy jo adueyd Ieak-saly) pozijenuue

a3 SI o[qerrea juspuadop oy,

‘Teas] AIySnpul NSIP-99I1) 1@ PIIISN[D SIOLIS pIepue)s UM STO AQ PoyewniSH [PAS] YT wss ‘%S sx %01 1B JYURIHIUSIS, :S9j0N

T8 €pT8 YT’ €HT'8 €YT8 €pT8 SUONEBAIISqQ
(180°0) (980°0)
780°0 «LY1°0 AN[IQRIN(] 4 UONBZI[BIUIII(]
(610°0) (610°0)
1€0°0- #0700~ (21,-L0,) PamoI1n) 1odxXH, UOneZI[eNuddd(J
(862°0) (00€°0) (Pzs1) (v 1)
#5x0€6°0 #5%766°0 wxx0EEY  wxxCCLY wIny) Jonpoid ur AUeYD), UOHBZI[BHUIII(
(10z°0) (0€1°0) (602°0) (989°0) (189°0) (€1L°0)
€0 #1670 £00°0- wx PS8 T wxPTS1 970'1 UONRZI[BIUII(]
(T1,-L0,) YM0I3 safes :d[qeLie A judpudda(
Omqemq SyIodxy
9) (9] ) (€) (€} (n

(winy) jonpoid £q peinseswr

Se) 90ULNQINT, PUR UOTJRZI[RIJUSIA( 6 O[(RT,

39



'g OIqe], UI Posn S[OIJU0D WIT PUe 9SIOU JO 495 SUIRS 91} dPN[OUI SUWN[OD [[y "SeTwrunp AIISNPUl }I3TP 991} 9PN[OUT SUWN[0D 980T T, "900g 01 Pareduwiod aSeiase 6007
puU® 8007 Usem1aq [[92 AIISNPUI ISIP 9811} UT SUINISI YDOIS JO UOIYRIASD PIRPUR)S UT 83URYD 8} SI , (SUWINISI 2078) (IS UT 98uRy)), ‘[9a8] AIISNPUT NSIP-09I7) Je PaIs)SnId
sI0118 pIepuURIS UM SO Aq pajrewrrise (9)-() suwnjop -serwwunp A1punod £q A1psnpur 4131p om] apnoul SUWN[Od 8sey], '900g ©) peieduwiod e3eisre 6007 PU® 8003
usam)aq [[02 A11unod Aq A1psnpur 1181p om) Ul SUINGDI YO01s JO UOIIBIAGD PIepuels Ul adueyd oY) s ,(SWwIngal Y0038 )(JS Ul 93ury), ‘[0Ad] AIIUN0D Aq AIpsnpur I81p-om)
1% PoIdYSI[D SIOLID pIepue)s Yim §TO Aq pojewryse :(g)-(1) suwnjo) (9)-(}) sUWN[od ul 9gopg Ul UOIssaddy resls) ayj o} Joud jsnl peonpoid juerd oyl sjonpord oyl
10J (LSH) 1049 1onpoid a1y 9e (sprodxa)uy ut (2007/9007 01 pareduiod afeisae g00g,/800g) #SuryD aSeiose a1} T pue ‘(g)-(1) suwnjod ur (sreas uoissaday -o1d 1se9el oY1)
aBerase 00z PUR 900g 9Y) 0) pareduwrod (sIeed UWOISSedsY JeeIr) UTRW oY) odeIase 6O0Z PUR 800 971 Usamjaq [[ao Amsnpur pSp se1y) £q A1yunood ur (sprodxe)uy ut
adueyd st |, YIMoID) THOJXH, "90-600¢ Ul (Se[es)u] wriy Jo a3ueyd Ieek-0911[) pazi[enuue a1} SI s[qelres juspuadep oy, '[9A8] YT wxx ‘%S sx ‘%0T 1@ JURIYIUSIS, :S810N

150) 150) €D1IS £3DxTDIS £3D:7DIS £3D:7DIS FEIN)
SIOA SIA SIA SOA SIA SIA m——_v_w JEOE%O—QEO aﬂﬂ—& u% Eh_rm
SOX SOX Sax (ZDIS) sax (ZDIS) sax (ZDIS) saX soruwnp Arysnpujy

s[onyuo)

PLL'S YLL'] YLL] IS1°¢ IS1°¢ IS1°¢ SUONBAIISqO

LY1°E LY1°E LYTE 0€E°T 0€E°T 0€€°T SuLILg

(FLE0) (zot0) Fse0) (ven)
#xx58C | 2xx80C [ 2xxV0€9 xxxCV 1L (SUIN)AI HI0IS)(IS UI BUBYD) . JUD
(£00°0) (600°0) (#10°0) (L10°0)
##%610°0" #+£20°0" +¥20°0- #+7€0°0" PMOLD) [HOIXA U
(€£91) (120°0) (Lz0°0) (z€00)
061°1 LT0°0 ##%060°0 #x%880°0 Paor) LJOdXH
(907°0) 9170 (0£7°0) (1ze0) (62€°0) (1€€0)
€870 6L1€0 ++£85°0 6820 1250 80T°0 UONEBZI[BN U

(SdOD ®re(Q Snsud) *S°N

9)

(©) )

A3AIng yuswdSeuR ] PAOA\

(©)

(€4)

(D

IMO0I9) SIS = d[qeLIeA Judpudda(q

(£31719R10A 103 TRIA }001§ £( POINSESW SB) SOUS[NGIN], PUL UOTIRZI[RIIUIS( (] 9L

40



"Surjesiew pur uordnpoIur 1onpod 10j sdeisAe sI ,§10NPoIg
MON 29 SRS - UOIIRZI[RINNAIA(, ‘(e1ep SJOIN °U} ul seseardur Aed os[e pue) sjusmiiseaul [eiided pue Sulry ul Awouojne IeSeuew jueld JO soInseaw Palods-z oY} JO
oderone Pal0ds-Z 1Y SI ,JUSWI)SOAU] 7y SULIH - UOIIRZI[RIJUSIA(], ~(00130p 039[[00 @ Yim seokojdurd Jo 9, )uf oy) sI S[[IYs are (juewdojdwe)uy are azis jueld pue WL
*(jrewr £q 10 SUITUO PaTomMsUR Sem AIAINS 9} IOYIDYM SJOIN PUR SoTUNp JSATRUER SaPNIIUT OSTR SINAA ‘UOIJRIND PUR Yaam 1]} Jo Aep ‘01008 AJI[IRIDI S, MATAISIUI 9} PUR
A110TU8S RDIYDIRISIY PUE 8INULY) S Jofeuew jue[d) ,S[OIIUOD 8SIOU, PUR SOIUIWUND Iesd puR AITUNO0D ‘A11sNpul JISIp 88IY) 8pn{dUI SUWN(0d [Ty *(9)-(}) suwnjod ur 900g
ur uoissenay jealr) a1y 09 Io1id 9snl peonpoid querd ey) sponpoid ay) 10 (LSH) [eas] onpoid ay) je (syrodxe)ur ut (200g/900g 01 peredwiod sdersse 600g,/800¢) @3ueyd
oderone o1]) s1 pue ‘(g)-(1) suwnjod ul (sIeak uoIsseaY-01d 15931 9Y}) d5RIoAR £00Z PUR 9007 o} 01 poreduwiod (sIeak UOISSE9Y Jeslr) urew o)) adelase 600g PUe 8007
911 weamIaq [[02 A1ysnpul 131p 90113 Aq A19unod ul (syrodxe)uy ur 98ueyd st 1Mol THOJIXH, ‘SO 0] G00Z PUB SINAA 10J 900g Ul painseawl uoljezijeliuado *((9)

01 (f) suwn[od) SION Ul 900Z-600Z 1snl pue ({¢)-(1) suwmios) SNAA Ul pejood are 90-600% PUe L0-0T0Z ‘80-TT0Z "(se[es)u] Wiy Jo oFueyy Ieak-0011) pozi[enuue oy}
st sjqeLres juapuadep oy ], ‘[oAs] A19unod Aq A1psnput 1131p-991y) 18 PaIoISN[d SIOLIS PIepuUR)IS YIIM §TQ Aq PoIRWNISH "[0AS] YT sux ‘%G sx ‘%0T 1B JURDYIUSIS, :S9I0N

€IS €JIS €IS K104 €DIS KD4€DIS  K1D4EDIS 1sn[)
vLL'S  YLLS vLL'S IST°E IST°C IS1°¢ SUONEAIISqQ
LY1'E LY1°E LY1'E 0€€’l 0€€’l 0€€°l RLUBIE |
(010°0) (L10°0) PMoID) LHOIX A
#%xx5C0°0" #%%090°0- $JINPOIJ MIN 2P SO[BS - UONBZI[BIIUIN(
(812°0) (6L£°0)
IL1°0 SeEr0- SJONPOIJ MIN 2 SO[BS - UONBZI[BIIUIN(
(800°0) (610°0)
€10°0- 000~ YPIM0I) LYOIXH xIUdunsdAu] 2» SULIH - UOREZI[BIUIN(
(9€°0) (96€°0)
x%x308°0 €90°0 JUIUWIISIAU] 29 SULIIH - UOHBZI[BIIUIN(J
(600°0) (810°0)
*%£C0°0- #%L70°0" PMOID) [HOIXHU0NBZI[BIUINR[
(0€z'0) (L1¥°0)
*%£86°0 1+0°0 UONBZI[RIIUN(

Y)Moun) safes dqerie A judpuddaq

(SdAON) ®Bie( SNSU)) 'S N (SINAA) £9AaNG JUdWIGRUBIA] PIIOAA
€)) ) ) (€ () 1

SUOI}SON{) UOIYRZI[BIPUSII(] SSOIDY SIOUSIIYL(] :TT 9[qLL

41



Web Appendices - Not Intended for Publication

A Data Appendix

A.1 Industry-level variables

Exports

We measure changes in exports in an industry by country cell using the UN COMTRADE database of world trade. This is
an international database of six-digit product level information on all bilateral imports and exports between any given pairs
of countries. We first aggregate the COMTRADE value of export data (in US dollars)from its original six-digit product level
to three-digit US SIC-1987 level using the Pierce and Schott (2010) concordance. We deflate the industry and country specific
export value series by a country and year specific CPI from the World Bank (2010 base year) to measure “real exports.” The
Export growth variable is defined as the logarithmic change in exports in 2008-09 (the average in a cell across these two Great
Recession years) relative to 2006-07 (the average across the two years immediately prior to the Great Recession). The real

export growth variable is winsorized at the 5th and the 95th percentile.

Durability

Data on the average durability of the goods produced in the industry are drawn from Ramey and Nekarda (2013). This is a

continuous cross-sectional measure at the 4-digit industry level.

Bartik Instrument

The Bartik IV for export growth in a country-industry cell is constructed as the change in world import demand (WID) for
commodity m in country r between time and ¢ (2008 and 2009) and ¢ — 1 (2006 and 2007), is defined as:

AZ*m/r,t = E Smpr,t—1 * AWIDm,pT’A,t
P

where sy pr,t—1 denotes the share of exports of commodity m from country r to partner country p at time t — 1; WID,, ./ ; is
the log change in total imports of commodity c in partner country p between ¢ and ¢ — 1 from all countries ezcluding country
r (hence the r’ sub-script). Consider, for example, the Bartik IV for changes in US exports of anti-ulcer drugs. For a given
partner, like the UK, we calculate the share of all American anti-ulcer drugs exported that were exported to the UK in ¢t — 1,
Sdrugs,UK,US,07—06, and then multiply this by the change in the imports of anti-ulcer drugs into the UK from every country
(except the US), AWIDgrygs UK, US,09—08. This is a prediction of what the demand for US exports to the UK will be
coming from exogenous world demand (rather than US specific factors). We repeat this for every country in the world (not just
the UK) and then sum over all the US partner countries in the world.

Commodity m is measured at the 6-digit level of the Harmonized Commodity Description and Coding System (HS).
Commodity level measures are then mapped into Industry j three-digit Standard Industry Classification (SIC) codes using the

Pierce and Schott (2010) concordance.
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A.2 World Management Survey (WMS) International Data

Firm-level Accounting Databases

Our sampling frame was based on the Bureau van Dijk (BVD) ORBIS which is composed of the BVD Amadeus dataset for
Europe (France, Germany, Greece, Italy, Poland, Portugal, and the United Kingdom); BVD Icarus for the United States, BVD
Oriana for Japan. These databases all provide sufficient information on companies to conduct a stratified telephone survey
(company name, address, and a size indicator). These databases also typically have accounting information on employment,
sales and assets. Apart from size, we did not insist on having accounting information to form the sampling population, however.
Amadeus are constructed from a range of sources, primarily the National registries of companies (such as Companies House in
the United Kingdom). Icarus is constructed from the Dun & Bradstreet database, which is a private database of over 5 million
U.S. trading locations built up from credit records, business telephone directories, and direct research. Oriana is constructed
from the Teikoku Database in Japan.The full WMS consists of 34 countries but because we need decentralization data in 2006
we are restricted to the 12 countries surveyed in the 2006 wave. Because we wanted to focus on mature economies we dropped
China and India which left us with 10 OECD countries (France, Great Britain, Germany, Greece, Italy, Japan, Poland, Portugal,
Sweden and the US).

The Organizational Survey

In every country the sampling frame for the organization survey was all firms with a manufacturing primary industry code
with between 50 and 5,000 employees on average over the most recent three years of data. Interviewers were each given a
randomly selected list of firms from the sampling frame. More details are available in Bloom, Sadun and Van Reenen (2012)
where we compare the sampling frame with Census demographic data from each country and show that the sample is broadly
representative of medium sized manufacturing firms. We also analyzed sample selection - the response rate was 45% and
respondents appear random with respect to company performance, although larger firms where slightly more likely to respond.
We collected a detailed set of information on the interview process itself (number and type of prior contacts before obtaining
the interviews, duration, local time-of-day, date and day-of-the-week), on the manager (gender, seniority, nationality, company
and job tenure, internal and external employment experience, and location), and on the interviewer (we can include individual
“analyst” fixed effects, time-of-day, and subjective reliability score). We used a subset of these “noise controls” (see text) to help
reduce residual variation.

In analyzing organizational surveys across countries we also have to be extremely careful to ensure comparability of responses.
One step was the team all operated from two large survey rooms in the London School of Economics. Every interviewer also
had the same initial three days of interview training, which provided three “calibration” exercises, where the group would all
score a role-played interview and then discuss scoring together of each question. This continued throughout the survey, with
one calibration exercise every Friday afternoon as part of the weekly group training sessions. Finally, the analysts interviewed
firms in multiple countries since they all spoke their native language plus English, so interviewers were able to interview firms
from their own country plus the UK and US, enabling us to remove interviewer fixed effects.

The construction of the degree of decentralization measures (from Central Headquarters to Plant Manager) is discussed in
some detail in the text. The questions are addressed to the plant manager. We only keep observations where at least two of
the four decentralization questions were answered (and we include a control for the number of non-missing questions in the set
of noise controls). We drop observations where the plant manager is also the CEO (5% of firms). In cases were the Central
Headquarters is on the same site as the plant we interviewed we add a dummy variable to indicate this (one of the noise controls)
to reflect potentially greater monitoring. We use the data from the 2006 wave in all cases except when we analyze changes in

decentralization as an outcome where we exploit the fact that we ran another wave in 2009 and 2010 for a sub-sample of firms.
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As a check of potential survey bias and measurement error we performed repeat interviews on 72 firms in 2006, contacting
different managers in different plants at the same firm, using different interviewers. To the extent that our organizational
measure is truly picking up company-wide practices these two scores should be correlated, while to the extent the measure is
driven by noise the measures should be independent. The correlation of the first interview against the second interviews was
0.513 (p-value of 0.000), with no obvious (or statistically significant) relationship between the degree of measurement error and
the decentralization score. That is to say, firms that reported very low or high decentralization scores in one plant appeared to

be genuinely very centralized or decentralized in their other plants, rather than extreme draws of sampling measurement error.

Firm-level variables

Our firm accounting data on sales, employment, capital (fixed assets), profits and intermediate inputs came from BVD ORBIS.
Whether the variable is reported depends on the accounting standards in different countries. Sales are deflated by a three
digit industry producer price index. BVD has extensive information on ownership structure, so we can use this to identify
whether the firm was part of a multinational enterprise. We also asked specific questions on the multinational status of the
firm (whether it owned plants aboard and the country where the parent company is headquartered) to be able to distinguish
domestic multinationals from foreign multinationals.

We collected many other variables through our survey including information on plant size, skills, organization, etc. as
described in the main text. We also collected management practices data in the survey. These were scored following the
methodology of Bloom and Van Reenen (2007), with practices grouped into four areas: operations (three practices), monitor-
ing (five practices), targets (five practices), and incentives (five practices). The shop-floor operations section focuses on the
introduction of lean manufacturing techniques, the documentation of processes improvements, and the rationale behind intro-
ductions of improvements. The monitoring section focuses on the tracking of performance of individuals, reviewing performance,
and consequence management. The targets section examines the type of targets, the realism of the targets, the transparency
of targets, and the range and interconnection of targets. Finally, the incentives section includes promotion criteria, pay and
bonuses, and fixing or firing bad performers, where best practice is deemed the approach that gives strong rewards for those
with both ability and effort. Our management measure uses the unweighted average of the z-scores of all 18 dimensions.

Our basic industry code is the U.S. SIC (1997) three digit level—which is our common industry definition in all countries.

We allocate each firm to its main three digit sector (based on sales).

A.3 U.S. Census Bureau Data: MOPS

Sample

Table A2 shows how our sample is derived from the universe of U.S. business establishments. The U.S. Census Bureau data on
decentralization comes from the 2010 Management and Organizational Practices Survey (MOPS), which was a supplement to
the 2010 Annual Survey of Manufactures (ASM). The MOPS survey was sent to all ASM establishments in the ASM mail-out
sample. Overall, 49,782 MOPS surveys were successfully delivered, and 37,177 responses were received, yielding a response rate
of 78%.

The MOPS contains 36 multiple choice questions, split into 3 modules: management practices (16 questions), organization
(13 questions), and background characteristics (7 questions). Decentralization measures come from the “Organization” module
of the MOPS. Only establishments with headquarters located off-site are instructed to answer questions in the organization
module. This reduces the sample to about 20,000 establishments. We also require matches to the 2006 and 2009 ASM in
order to calculate the growth rates used in the analysis. This reduces the sample size substantially for two reasons. First, all

of the establishments in our sample must have been operating in both 2006 and 2009. The second reason is related to the
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ASM sample design. The ASM is a rotating 5-year panel which samples large establishments with certainty but also includes
a random sample of smaller establishments. The ASM sample is refreshed every five years, most recently in 2009, thus we lose
establishments which were in the 2009 and 2010 ASM samples and responded to the MOPS, but were not in the 2006 ASM
sample. Finally, we require that respondents answer all 6 of the questions about decentralization (described below) and have

positive value added and imputed capital in 2010. The final sample contains 8,774 establishments and 3,147 firms.

Decentralization

Our measure of decentralization is constructed from 6 questions on the MOPS (questions 18 through 23), which measure the
allocation of real decision making rights between manufacturing plant managers and their central headquarters. Respondents
are asked whether decisions about hiring, pay increases, product introductions, pricing, and advertising are conducted at the
establishment, headquarters or both, and about the largest capital expenditure plant managers can make without authorization
from headquarters. The survey asks about organizational practices in 2005 and 2010. We use information on decentralization in
2005 in the main analysis because firms may endogenously respond to the crisis in 2010 by changing organizational structures.

Each of the 6 decentralization questions is normalized on a scale from zero to one, with one being most decentralized and
zero being least decentralized. For example, question 18 reads “In 2005 and 2010, where were decisions on hiring permanent
full-time employees made?” There are three possible responses: “Only at this establishment” which is assigned the value one;
“Both at this establishment and at headquarters” which is assigned a value of one-half; “Only at headquarters” which is assigned
a value of zero. We then standardize each question to have a mean equal to zero and standard deviation equal to one, take
the mean over all six standardized questions, and then standardize this mean so that it has a mean equal to zero and standard

deviation equal to one.

Exports

Our proxy for the Great Recession is a plant-specific export shock constructed by matching the product files of the 2006 ASM
which disaggregate establishment revenues by product class to the Longitudinal Firm Trade Transactions (LFTTD) data which
contain the universe of export shipments at the firm-product level. To construct our measure, we first match the product
categories from LFTTD (ten-digit Harmonized System categories, or HS10) to the 7-digit NAICS product classes contained in
the ASM using the Pierce and Schott (2009) concordance. Next, we aggregate exports to the 7-digit NAICS level and calculate
the change in exports in each product over the Recession, defined as the logarithmic change in exports in 2008-09 (the average
in a cell across these two Great Recession years) relative to 2006-07 (the average across the two years immediately prior to the
Great Recession). Finally, we construct our plant-specific export shock as the weighted average of product export growth in the
crisis, where fore each plant, the weights assigned to each product category is that plant’s share of sales revenue in the product

as measured before the crisis in the 2006 ASM.

Product Churn

Product churn is constructed using data come from the US Census Bureau’s Census of Manufactures (CM). The CM asks
establishments to list the dollar value of annual shipments by 10-digit product code. Establishments receive a list of all the
product codes typically produced by establishments in their industry, along with corresponding descriptions of each code.

We start by calculating the total number of 10-digit products by each establishment in a given year, as well as the number
of added products and the number of dropped products for each establishment compared to the previous CM 5 years earlier.
This of course restricts the sample to manufacturing establishments which were alive five years earlier. We further restrict the

sample by dropping establishments producing fewer than 3 products in both Censuses. Product churn at the establishment
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level is measured as the number of products added or dropped between the previous Census and the current Census, divided by

the average number of products produced in both Censuses. That is, product churn for establishment 4 in year ¢ is defined as:

Products Added ;; + Products Dropped ;¢
0.5 (# Products ;¢ + # Products ;_5)

Industry product churn in year ¢ is the average establishment-level product churn amongst establishments within an industry

Product Churn ;; =

(three digit US SIC-1987). To calculate industry-level change in product churn, we simply subtract product churn in 2007
(constructed from the product data in the 2002 and 2007 Censuses) from product churn in 2012.

ASM variables

Directly from the ASM we obtain material inputs, shipments (deflated by a three digit price deflator) as our sales measure and
the headcount of employees for labor. Real capital stocks are constructed using the perpetual inventory method, following the
methodology in Bloom, Floetotto, Jaimovich, Saporta-Eksten and Terry (2016). In particular, we combine detailed data on the
book value of assets every 5 years from the CM with annual investment data from the ASM. We first convert CM capital stocks
from book to market value using BEA fixed asset tables. We then deflate capital stocks and investment using industry-year
price indices from the NBER-CES Manufacturing Industry Database. Finally, we apply the perpetual inventory method, using
the formula K; = (1 — 6;)Kt—1 + It . This procedure is done separately for structures and for equipment. However, since
the ASM contains investment broken down into investment in equipment and investment in structures, but the CM does not
break down capital stocks into these two components, we must apportion plant capital stocks into each component. We do this
by assigning the share of capital stock to equipment and structures which matches the share of investment in equipment and

structures.
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B Magnitudes

In Table A9 we consider some simple calculations of cross-country magnitudes. Our thought experiment is to consider the
Great Recession as a global shock as reflected by a fall in trade. We use the US value of the shock from COMTRADE of a
fall in exports of 7.7 percent. This is the empirical difference between 2009-08 vs. 2007-06 that we use as our industry-country
specific shock measure elsewhere in the paper.

We take the 2006 average levels of cross-country decentralization by country (column (1) of Table A9) and the empirical
estimates in column (2) of Table 2 to estimate the average annual implied effect of GDP of the shock (column (2) of Table A9).
We express this relative to the US in column (3). For all countries except Sweden there is a negative relative implied effect
because decentralization in the US is greater than every other country except Sweden. Column (4) displays the actual annual
change in GDP growth since the start of the global financial crisis (from World Bank data) for each of our countries and then
again expresses these relative to the US base in column (5). Every country except Poland (which is still in a strong catch-up
phase of development) experienced a slower growth performance than the US over this period, averaging just over a third of a
percentage point (base of column). Column (6) divides the column (3) into column (5) which is the fraction of relative economic
performance accounted for by decentralization (note that since we are assuming a common shock, none of this difference is due
to the magnitude of the crisis being worse in some countries than others).

Overall, column (6) of Table A9 suggests that an average of 15% of the post-crisis growth experience between countries
is accounted for by decentralization. This is non-trivial as mentioned in the text, but it is worth noting that there is a large
degree of heterogeneity between countries underneath this average. Almost all of the differential growth experience of France
and Japan compared to the US can be accounted for by decentralization (96% and 95% respectively), whereas decentralization
accounts for virtually none of the UK’s performance. In particular, as noted above, because Sweden is more decentralized than
the US we should expect it to have outperformed the US, whereas it grew about half a percentage point more slowly. If we
drop Sweden, the importance of decentralization doubles to accounting for almost a third of the difference (32%). Note that
the contribution is also negative for Poland, because although Poland is more centralized than the US, it grew more quickly

over this time period.
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Figure Al: Change in Industry/Country Exports and Sales before and after the Great Recession
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Notes: Each bar plots the yearly percentage change in real manufacturing exports. The countries included in the sample are
France, Germany, Greece, Italy, Japan, Poland, Portugal, Sweden, UK and US.
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Figure A2: Average Decentralization Z-score by Quintile of Product Churn
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Notes: MOPS data. Industry product churn is the average of plant product churn. Plant product churn = (# products added
from 02 to 07 + # products dropped from 02 and ’07)/(0.5*# products produced in ’02 + 0.5*# products produced in ’07).
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Figure A3: Change in Industry Product Churn and Export Growth
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Notes: MOPS data. Change in product churn is industry product churn in 2012 minus industry product churn in 2007. Exports
growth is the change in In{exports) from 2007 to 2012. Both variables are winzorized at the 5th and 95th percentiles and
measured at the level of the three-digit industry. Vingtiles plotted.
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