The effects of BNDES loans on the productivity of B razilian

*

manufacturing firms

Gianmarco |.P. Ottaviano

University of Bologna and CEPR London

Filipe Lage de Sousa

London School of Economics and BNDES

May 2007

ABSTRACT

We investigate the effects of BNDES loans on Braazilfirms’ productivity and technological
upgrading. Our results show that generally grafiteds perform better than non-granted firms.
Their performance, however, is affected by BNDE&konly when we distinguish between loans
for small vs. large project (Automatic BNDES vsNEM) and allow some time to pass between
the moment loans are awarded and the moment ttieate materialize. In particular, we find that
the impact of loans on firm productivity appearstive data with a three-year lag and differs
between small and large projects. Being negativeéhi® former and positive for the latter, the sign
of the impact is consistent with the idea that Auatic BNDES loans are used to implement lower
guality projects using old technologies whereasBHNNoans are used to implement higher quality
projects using new technologies.
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1. Introduction

Credit constraints for long-term projects are cdesed among the most important market failures
in the Brazilian economy as they hamper the endregurial efforts of local firms. That is why the
Brazilian government provides long-term loans tigtowhe Banco Nacional de Desenvolvimento
Economico e Social (henceforth, BNDES), a develagn@ank whose main statutory goal is to
improve Brazilian economic competitiveness withoeglecting broader social aspects. BNDES
invests in several areas including research anceldement, infrastructures, export support,
regional and urban development. More specificatiythe case of manufacturing, BNDES finances
long-term projects aimed at the creation of newntslathe enlargement of existing ones, the
restructuring and the modernization of productiorocpsses, innovation and technological
development, export promotion. Overall, the impoce of BNDES in the Brazilian economy is
quite sizeable: in 2005 its disbursements reachedalue of US$ 20.1 billion, representing 12.3%
of aggregate investmeht.

Even though BNDES project analysis involves sevedahensions including social and
environmental aspects, it is nonetheless intergstm assess their overall impact on the
competitiveness Brazilian firms. The aim of thesamt paper is to contribute to this assessment by
investigating the impact of BNDES activities on greductivity of Brazilian manufacturing firms.
Though focused, this is of course a central issam fa policy perspective: “Productivity isn’t
everything, but in the long run it is almost evamy. Compared with the problem of slow
productivity growth, all our other long-term econieraoncerns - foreign competition, the industrial
base, lagging technology, deteriorating infrastiteetand so on - are minor issues” (Paul

Krugman,1992).

! Source: IPEA and BNDESvivw.ipeadata.gov.bandwww.bndes.gov.by.
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We are not aware of any study targeting the ralabetween BNDES and the productivity of
Brazilian firms. Even though some evaluation of BRactivities is presented by Bastos (2004),
BNDES (2002), Capanema (2006), De Sousa (2003)eiktoFEilha (1994) as well as Torres Filho
and Puga (2006), there is no discussion of its anpa firm productivity. Amadeo and Gonzaga
(1996), Feijo' and Carvalho (1994), Ferreira and€r(2003), Hay (2001), Muendler (2004), Nassif
(2005), Salm et al. (1997) as well as Schor (208Mluate the productivity of the Brazilian
economy after the liberalization process of the Bisthey do not investigate the relation between
BNDES and firm productivity. Closer to the spirit the present paper, De Negri et al (2006)
evaluate the impact of the Scientific and TechniolaigDevelopment Fund (FNDCT), administered
by the Research and Projects Financing Agency (PINBn Brazilian firm productivity and

technological upgrading.

The logic of our analysis is the following. We s$taiith the a priori that Brazilian firms may be
credit constraint, especially if they are small andpoorer regions. Accordingly, they are in a
situation in which they would like to make investitge but credit constraints hamper the
implementation of projects. BNDES offers loans tleauld be used to remove those credit
constraints. A key question then becomtse BNDES loans indeed instrumental in relaxing the
credit constraints faced by Brazilian firm#?positive answer requires checking that two teiage
true. First, granted firms must change their pentoice after receiving a loan. Second, after

receiving a loan, granted firms must perform ddfety than otherwise identical non-granted firms.

Another key question i90 BNDES loans lead to an increase or a decreadenmproductivity?
We argue that, even if one were sure that BNDESda@alax the credit constraints, there is a priori
Nno reason to expect a positive impact on firm pobelity. We build this argument on a theoretical
framework adapted from Bustos (2005) in the wakéhefrecent literature on the selection effects

of trade liberalization with firm heterogeneity ({Bard et al, 2003; Melitz, 2003; Melitz and



Ottaviano, 2005%. The theoretical framework describes an imperfectynpetitive industry in

which firms generate new projects through an R&Dcpss of uncertain outcomes. Accordingly,
some projects turn out to be better than otherserAheir quality is revealed, projects can be
brought to the production line by paying a fixedtcof implementation. In so doing, firms may rely
on an ‘old’ technology characterized by lower fixeaist but higher marginal cost. Alternatively,
they may adopt a ‘new’ technology characterizednigyer fixed cost but lower marginal cost. The
fixed cost differential between new and old tecbgas represents the pain of technological
upgrading while the corresponding marginal costedgntial represents its gain. Crucially, fixed
costs have to be incurred before production takesepwhich requires firms to borrow the financial
resources needed. In this respect, credit contraict on firms’ borrowing conditions and thus

affect the fixed costs of project implementatiofieh are larger the more constrained credit is.

When the fixed cost of the new technology is lasg®ugh, projects are selected into three
categories. Low quality projects are not even dablaepay the smaller fixed cost of the old
technology, so they are discarded. Intermediatdéitguaojects allow firms to cover the fixed cost
of the old technology but not those of the new tetbgy, so they are implemented using the
former. Lastly, high quality projects cover alsc thxed cost of the new technology, which is

therefore used to implement them.

Against this background, the theoretical framewbighlights two margins through which firms
may react to laxer credit constraints. On the oaedh a reduction in the fixed costs of the old
technology induces firms to implement some low iyadrojects that were previously discarded.
This leads to @ecreasdn firm productivity’. On the other hand, a reduction in the fixed co$ts
the new technology promotes its adoption also fimes intermediate quality project that was

previously implemented using the old one. This $eta anincreasein firm productivity. Hence,

2 See Behrens et al (2007), Bernard (2006), Help{2@@6) for updated surveys.
% Moral harzard behaviour.
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whether laxer credit constraints foster or hampen fproductivity depends on whether they

disproportionately affect the fixed costs of oldew technologies.

Our empirical results show that on average grahtet do perform better than non-granted firms.
However, their performance is affected by BNDESwWanly if one distinguishes between loans
for small vs. large project and allows some lagveen the time loans are awarded and the time
their effects materialize. In particular, we firicht the impact of loans on productivity appearsraft
three years and it is different between small andd projects, being negative for the former and
positive for the latter. This is consistent witle tldea that loans for small projects are used foysfi

to implement lower quality projects using old teglugies whereas loans for large projects are used

to implement higher quality projects using new teahgies.

The rest of the paper is organized as follows.i8e@ describes the type of loans that are granted
by BNDES. Section 3 discusses the dataset. Sedtipresents the methodological framework.
Section 5 details the empirical strategy. Sectiomeports the econometric results. Section 7

concludes.

2. Overview of BNDES schemes

BNDES provides a wide range of financial tools eport Brazilian manufacturing firms: FINEM,
Automatic BNDES, FINAME, Leasing FINAME, Internatial Competition FINAME (BNDES-
Exim) and Subscription of Securities.

FINEM (‘Financing and Endeavors’) is a direct suggmsrheme for projects with financial needs
over R$10 millior Projects with financial needs below this threshaf@ instead supported

indirectly through retailing banks under the Auteim&NDES scheme. Both schemes contemplate

* Approximately US$ 4.7 millions.



several categories of expenses covering the creafinew plants, the enlargement of existing ones,
the restructuring and the modernization of procgsseovation and technological development.
Through the FINAME (‘Machines and Equipment’) ann tLeasing FINAME schemes, BNDES
supports the acquisition of new domestically praglecnachines and equipments either buying
them (FINAME) or leasing them (Leasing FINAME). Blly, the aim of BNDES-Exim is to
equalize international interest rates for Brazilimms while the aim of Subscription of Securitiss

to facilitate changes in firm ownership.

Our focus is on FINEM and Automatic BNDES as theg anore focused on supporting the
discovery and the implementation of promising petge Differently, FINAME and Leasing
FINAME do not contemplate investments in innovati@md technological development.
Nonetheless, we will have to account for them theotto isolate the role of FINEM and Automatic

BNDES. BNDES-Exim and Subscription of Securitiegsédhanstead, rather different objectives.

3. Description of the dataset

Data are drawn from a variety of sources alreadddusy De Negri et al. (2006). The dataset
combines information from: the Annual Industrialsearch Pesquisa Industrial Annual PIA) of

the Brazilian Institute of Geography and Statisflostituto Brasileiro de Geografia e Estatistiea
IBGE); the Annual Social Information RepoRé€lacdo Anual de Informagdes SociaiRAIS) of
the Ministry of Labor; the Foreign Trade Secretg@gcretaria de Comércio ExterierSECEX) of
the Ministry of Industrial Development and Foreiirade; the Foreign Capital Census and the

Central Bank Register of Brazilian Capital Abroddhe Brazilian Central Bank; BNDES itsélf.

® A complete list is available at http://www.bndesidr/english/items_support.asp.
® The construction of the dataset has followed ptapes that guarantee the confidentiality of infatioraso that
individual data cannot be related to any specifio f
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BNDES data are used to identify the granted firh. that purpose, information is available from
1995 to 2003.In this period 539 firms received FINEM loans @%05 firms borrowed under the

Automatic BNDES scheme. In the latter case, itaspossible to use all firms since some of them
are not available from PIA. The reason is that Bb&ers all firms with more than 30 employees
and some firms granted Automatic BNDES are sméfien that. This reduces the number of firms

granted Automatic BNDES in our sample by half.

Our sample is further reduced by three additiosslieés. First, we want to focus manufacturing
firms while BNDES records concern athanufacturing projectsin other words, they report
manufacturing projects by non-manufacturing firrag(, those of large food retailers investing in
the development of their own brands) and do noecawn-manufacturing project of manufacturing
firms (e.g., in agriculture). Hence, we end up eathg only the performance of manufacturing
firms granted loans to implement project in the afaoturing sector. A second issue is related to
mergers. For example, if Firm A received a load997 and in 2000 merged with Firm B creating a
new Firm C, then the initial loan would be registeto firm C. As the past records of Firm C are
impossible to reconstruct, we have to drop allrmfation on loans projects granted to firms like A.
Finally, there is a time lag of generally two toeh years before a firm enters the census part of
PIA%. Hence, some granted firms with more than 30 eymgle are not recorded by PIA in the

moment they receive BNDES loans.

In the end, we are left with 240 firms granted FNNEbans and more than 2,000 firms granted
Automatic BNDES from 1997 to 2001. We also have uab®d5,000 non-granted firms. The

available variables are reported in the Appendix.

" Data on 1995 will be used only to exclude firmghwhore than one treatment.

8 IBGE receives information of firms’ size (numbdremployees) of a particular year only at the efthe following
year. So, any new firm for the census part willyide information only after two or three yearsasthecome elegible
to be computed.
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4. Methodological framework

Consider the problem faced by a firm that eachopegenerates a new project of random non-
observable qualityy, ranging from (0,%), and is credit constraint in its implementatidfor
concreteness assume that the firm faces a perceeadnd for its output with constant price
elasticity equal te>1:

q=Ap~” (1)
wherep is price,q is quantity demanded of the firm’s output, aaé aggregate demand, which is

unaffected by the firm’s behavior.

Production based on a project of quaditgan start only after paying a fixed cost and timears a
constant marginal cost. There are two types ofnelciyies available, ‘old’ and ‘new’, and they
differ in terms of both fixed and marginal costpeSifically, the old technology requires a smaller
initial investment but is also less efficient. Timsplies that its fixed cost is lower but its mangf

cost is higher. All this is captured by the follogitotal cost:

K;=n+%qT=H£ (2)
wherefy is fixed cost,cr is marginal cost and, all the rest given, bett@jget quality (largei)

maps into lower marginal cost (i.e. higher produtt). T is an index of technology, which equals

L andH in the case of old and new technologies respdygtittence, we havg, > f_ andcy <c.

Profit maximization with constant demand elastic#guires the firm to set its price as a constant

markup over marginal cost adjusted for project igqual

br (#) :Ji_l% (3)

which implies the following expressions for thelsoaf production, revenues and profits:

G (@) =APp ()7, @) =Ap (@A), m(@)=Ap (P Io-1; (4)



As o is larger than one, results (3) and (4) show fieata given technology, a better project leads to
lower price, larger scale of production, largererewes and larger profits. They therefore foster the
adoption of the new technology. To see this, cardiigure 1, which depicts the profits associated

with the two technologies as functions of the piility index ® = ¢”™.

Figure 1 — Technology adoption

The assumptions of fixed and marginal costs impét profits have a lower intercept but a steeper
slope for the new technology than for the old dfigure 1 then shows that the projects the firm
may come up with are partitioned in three categoti@v quality projects (0&<d.) do not break
even no matter which technology is adopted; inteliate quality projectsd <d<dy) generate
larger profits when the old technology is adoptadh quality projects®>dy) yield larger profits

when the new technology is adopted instéad.

Credit constraints affect the cost of initial intrasnt: the more stringent they are, the lafgeand
f.. Accordingly, by reducindy andf,, their relaxation shifts bottb, and®y to the left with an

increase of both the overall share of projects tiatk even (lowe,) and the overall share of

° This holds provided that the fixed cost of the neehnology are large enough. The exact condiénf,(c /c)” ™.
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projects implemented through the new technologwélody). Credits constraints may, however,
affect the two fixed costs asymmetrically. For amste, if they affected disproportionately the
adoption of the new technology, their relaxationuldodecreasdy more thanf., increasing the

relative number of projects implemented through there efficient new technology and thus
improving firm productivity. On the contrary, if edit constraints affected disproportionately the
adoption of the old technology, their relaxationulb decreasd, more thanfy, increasing the

relative number of projects implemented throughléss efficient old technology and thus reducing

firm productivity.

To summarize, the theoretical framework impliest,thf BNDES loans relaxed the credit

constraints faced by Brazilian firms, this wouldpmato more projects being adopted. Moreover, if
these projects were implemented using new techredpdirms would become more productive
after receiving the loans. They could nonethelesoine less productive if their new project were

implemented using old technologies instead.

5. Empirical strategy

The key question we address is whether BNDES |@aasinstrumental to relax the financial

constraints faced by Brazilian firms. A positivesauer to this question requires checking that two
things are true. First, granted firms must chargr tperformance after receiving a loan. Second,
after receiving a loan, granted firms must perfatifferently than otherwise identical non-granted
firms. A second key question is whether BNDES saefoster technological upgrading, which is

the case if the relative performance of grantaddimcreases after the loans are awarded.

We use value added per worker (labor productivaiy)our measure of firm performance. Table 1

reports the average values of this variable fontge and non-granted firms in the years in which



the former received their loans and in the last ydaobservation. The ‘productivity premium’ of

granted firms appears between parentheses. Tldalgslated as the ratio of the average value

added per worker of granted firms to that of alhefacturing firms.

The table shows that granted firms are generallyenppoductive than non-granted ones. In the

years when loans were awarded, their productivignpum ranges between 1.38 in 1997 and 3.89

in 2000. The last column shows that the premiunwgrthrough time from the years loans were

awarded, with the only exception of firms granted2001'° This may suggest some lag in the

effect of BNDES loans.

Table 1: Average value added per worker (values &003)

Average of Value Added per 1996 1997 1998 1999 2000 2003
Employee
Firms granted BNDES’ loans in 73,071 63,450
1997 (Total 1,375 firms) (1.38) (1.69)
Firms granted BNDES' loans in 92,699 82,316
1998 (Total 1,127 firms) (1.56) (2.19)
Firms granted BNDES' loans in 118,823 84,719
1999 (Total 706 firms) (2.27) (2.26)
Firms granted BNDES’ loans in 108,462 84,452
2000 (Total 801 firms) (1.97) (2.25)
Firms granted BNDES’ loans in 100,307 87,469
2001 (Total 808 firms) (3.89) 2.3)
All firms 52,660 59,251 52,212 54,888 45,723 37,481

(22,908 firms) (21,942 firms) (23,216 firms) (23,944 firms) (24,092 firms)

(27,976 firms)

Source: IBGE and BNDES

Table 1 seems therefore consistent with the id@aBNDES financial support has helped Brazilian

firms to relax their credit constraints. This igwever, very rough evidence that has to may not

19 For firms granted in 1999, the premium in 2008ssentially the same as the one before receiviantptn.
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survive closer econometric scrutiny. In order todseaccurate as possible, we propose the five

following methods, which we present in increasinden of sophistication.

Method 1 — Structural break

We start with checking whether the productivity noyement of granted firms is associated with
BNDES loans. The simplest specification that allesgo do this is the following:

Yi = Xy B+ Dy + & (5)
where y, is value added per workeD, is a dummy variable for all years after the figsanted
loan, X, is a vector of control variableg;, is the error term and the rest are parameterseto b

estimated. In particular, the impact of BNDES loas firm productivity is measured by the
estimated value 0d . The control variables include various firm chaeaistics: age, wage, number
of employees, their skill and education levels, katishare, revenues, financial status, exports,

intermediate imports, capital imports, and FINAMias.

There are two potential problems with specificat{éh that may lead to biased estimation of the
coefficients. First, there may be unobserved chearistics affecting both dependent and

independent variables. Second, the linear relatietween X, and y, may not be the most

appropriate one.

Method 2 — Grant identifier

One way to deal with the first potential bias ofthted 1 is to introduce another dummy variable,
which takes value 1 if a firm has received a BNO&&h during the period of observation, and 0

otherwise. The specification then becomes:

yit = xitlg+d)it +aEVER|+£n (6)
where EVER is the new dummy variable that captures unobsetired invariant differences
between granted and non-granted firms. In otherdsonf there were some unobserved
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characteristics, such as management aspects, noflge the performance of granted firms both
before and after receiving a loan, the new dummuyld/@ick them up. However, if there were
additional unobserved heterogeneity across firnts such heterogeneity were unrelated to their

granted status, specification (6) would still léadbiased estimation.

Method 3 — Fixed effects
One way of dealing with unobserved heterogeneitgsacfirms unrelated to their granted status is
to use a fixed effects specification. This can eevetd from (5) by writing the error term as:

E =V TV, (7)

where y; is the fixed effect capturing all unobserved fiomaracteristics that are time-invariant.

However, should these vary in time, estimation waiill be biased.

Method 4 — Differences

In order to control for time-varying unobserveddiegeneity, such as a sector trend, it is useful to

go from a specification in levels to a specificatin differences:
Ay, =OX, B+ D, + &, (8)
which focuses on the relation between BNDES loawaste growth of firm productivity.

Even though these four methods may solve the pmolae biased estimators, all still assume a
linear relation between control variables and fiperformance. Moreover, they may reveal an
association between BNDES loans and firm perforraamat not causality. A way to relax the

linearity assumption and to infer causality is tigh matching estimation.

Method 5 — Propensity score matching

In order to assess the impact of BNDES schemesrionperformance, ideally one would like to
compare granted and non-granted firms that, atithe when loans were awarded to the former,

were identical in any respect. Propensity scorechiiagy (PSM) allows one to pursue such an ideal

12



comparison by matching each granted firm with a-gamted one exhibiting similar observable
characteristics. This artificially generates a fwohgroup’ of non-granted firms to be compared
with the ‘treated group’ of granted firms in ordassess the impact of ‘treatment’ by BNDES
schemes. The comparison can then be made in tdrpaductivity levels or growth rates. As

before, the second approach controls for unobsdmedvarying characteristics.

There are different ways to implement PSM and wearge-to-one PSM. This approach constructs
a counterfactual group by pairing each granted finth a sufficiently similar non-granted firm and
excluding from the analysis all granted firms fohigh a satisfactory match cannot be found.
Matching is based on the following pre-treatmenérebteristics: productivity, age, number of
employees, average salary of employees, markee stedal revenues, percentage of highly skilled
workers (undergraduate and above), sector, logatdncational level of employees (years of
schooling), ratio of financial costs over total éaues, ratio of exports over total revenue, ratio o
imports of capital goods over investment, rationgports of intermediaries over cost of production,
multinational status. The evaluation of the treatmeffect is performed by differences-in-

differences according to the following specificati@ee Bronzini and De Blasio, 2006):
y; = BBNDES + > a,D, +>_ J,(BNDES [POST) +X, y + ¢, (9)

T 0
where y, is again value added per employ®&\DES is a dummy variable indicating whether the
firm received any loan in the period of observatid) is a year dummy,POST is a set of
dummies for each year after receiving the loan afjdis the vector of control variables. The

parameter of interest i8,, whose estimated value measures the impact of BElN&fEemes on firm

productivity over time. Note that the estimation (@) allows one to assess not only whether

BNDES loans affect firm productivity but also whigre impact materialize's.

' PSM is used by De Negri at al (2006) to evaluageimpact of FINEP on firm productivity and R&D iestment See
also Arnold and Javornik (2005) for a detailed iempéntation of PSM on foreign investment in Indoaesi
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6. Econometric results

Before reporting the results, two additional comtaare in order. First, to evaluate the impact of
FINEM and Automatic BNDES loans, it is necessarjstiate it from the effect of FINAME. This
cannot be achieved by eliminating all firms thateiged FINAME as most firms in the sample
received different types of loans jointly. For muste, during the period of observation, 26 per cent
of them received FINEM or Automatic BNDES loans l@hmore than 80 per cent received
FINAME support. There are two alternative ways ontrcolling for this effect. One can construct a
dummy variable for firms receiving FINAME loans.t@inatively, one can incorporate the value of
FINAME loans into the equation as a control vagalBoth ways lead to similar outcomes in
Methods 1, 2 and 5, so we report only the resudiset on the former. As the FINAME dummy
cannot be used in Methods 3 and 4, the value oAMH loans is used instead.

In addition to FINAME, there is a second issue Waliscussing. Some firms were granted FINEM
or Automatic BNDES loans more than once in thequeaf observation. Even though the majority
was granted only once, repeated treatments maytliduoverall picture. To tackle this problem,
there are two possible strategies depending onadsth-or Methods 1 to 4 (‘regression analysis’),

we allow the dummyD, to take different values: one after the first tneent, two after the second

treatment, three after the third treatment, anasoDifferently, for Method 5 any firm granted

FINEM or Automatic BNDES loans more than once imoged from the sample.

Regression analyses

Table 2 presents the estimated valuedofsing Methods 1 to 4 without distinguishing between
FINEM and Automatic BNDES loans. Values are estedatithout controls in the first column,

with sector and regional controls in the second,\&ith the full set of controls in the third.

14



Table 2: BNDES

with Sector and
All Brazil With FINAME Region with all covariates
Method 1 0.47* 0.44* 0.06*
Method 2 0.13* 0.13* 0.05*
Method 3 -0.01 -0.01 -0.01
Method 4 -0.00 -0.00 0.01

* significant at 1% level
Method 1 reveals a positive and significant inceeas granted firm productivity after loans is
awarded, varying from 47 per cent without conttol$ per cent with all controls. Method 2 shows
that, when we introduce an additional dummy idgmtg firms that have received loans no matter
when, the increase in productivity after the loarsiill positive but mitigated. This suggests the
presence of unobserved characteristics that ftsteperformance of granted firms both before and
after receiving loans. However, when we controb ds time-invariant (Method 3) or time-varying
(Method 4) unobserved firm heterogeneity that iselated to granted status, the association
between loans and granted firm productivity varssh#ogether. Hence, Table 2 implies that on
average granted firms do perform better than namtgd firms but their performance is unaffected
by BNDES loans per se. Instead, what seem to dhee superior performance are exogenous
firm-specific characteristics that predate the fa@n the other hand, there is no evidence that

loans have any negative influence on firms perforrea

Table 3 distinguishes between firms granted FINEMQgE projects) and those granted Automatic

BNDES (small and medium size projects).

Table 3: Automatic BNDES and FINEM

Automatic BNDES FINEM
With with Sector With all With with Sector with all
FINAME and Region  covariates FINAME and Region  covariates
Method 1 0.41* 0.40* 0.07* 1.08* 0.97* 0.06*
Method 2 0.13* 0.13* 0.06* 0.09* 0.11* 0.04
Method 3 -0.03*** -0.02 -0.01 0.09* 0.09* -0.00
Method 4 -0.00 -0.00 0.01 0.01 0.01 0.00

* significant at 1% level; *** significant at 10 el
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The pattern is similar to the one in Table 2. Themes however, two main differences. First, when
one distinguishes between the two types of loarethl 1 shows much larger impacts for large
projects both without controls and with only sectord regional controls. Second, even after
controlling for time-invariant unobserved firm chateristics (Method 3), the impact of loans for
large projects remains positive and significantessal all controls are introduced. This does not
happen in the case of small projects where onedetect a mild and barely significant negative
impact of loans on firm productivity. When also énaarying characteristics are controlled for, all
estimates become non-significant whatever the tfpeans: BNDES schemes do not affect firm

productivity growth.
In Table 4 firms are sorted in terms of locatioridaor’ or ‘rich’ regions*?

Table 4: BNDES and Regions

Poor Regions Rich Regions

BNDES

With With Sector With all With with Sector with all

FINAME and Region  covariates FINAME and Region  covariates

Method 1 0.62* 0.51* 0.08* 0.43* 0.42* 0.07
Method 2 0.22* 0.19* 0.05 0.11* 0.12* 0.06*
Method 3 -0.04 -0.04 -0.05%** -0.01 -0.00 -0.00
Method 4 -0.01 -0.00 0.00 -0.00 0.00 0.01

* significant at 1% level; *** significant at 10%Vel

Even though results do not change dramaticallyydaseem to have larger impacts in poor regions
(Methods 1 and 2). Controlling for time-invarianhaloserved firm characteristics (Method 3)

makes all estimates non-significant. The only ekoepis the estimate using Method 3 and the
entire set of controls, which reveals a negativeetation between productivity and loans in poor

regions.

Finally, Tables 5 and 6 look at regional differenae the case of Automatic BNDES and FINEM

loans respectively. Results are essentially theesasrin Table 4.

12 poor regions are Northeast, Middle-West and Ndttbh regions are South and Southeast.
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Table 5: Automatic BNDES and Regions

Automatic Poor Regions Rich Regions
BNDES
With With Sector With all With with Sector with all
FINAME and Region  covariates FINAME and Region  covariates

Method 1 0.57* 0.45* 0.08** 0.38* 0.38* 0.07*
Method 2 0.25* 0.21* 0.06 0.11* 0.12* 0.06*
Method 3 -0.07*** -0.07 -0.06 -0.02 -0.02 -0.00
Method 4 -0.01 -0.00 0.00 -0.00 0.00 0,01

* significant at 1% level; ** significant at 5%\el and *** significant at 10% level

The only notable difference concerns some asymniretttye impact of different loans in different

regions. In particular, FINEM support to large gaip appears to be relatively more effective in

large regions.

Table 6: FINEM and Regions

Poor Regions Rich Regions
FINEM
With With Sector with all with with Sector with all
FINAME and Region  covariates FINAME and Region  covariates
Method 1 1.10* 0.94* 0.09 1.09* 0.98* 0.06
Method 2 0.03 0.12 0.01 0.10*** 0.13* 0.06
Method 3 0.06 0.06 -0.06 0.09* 0.10* 0.01
Method 4 -0.01 0.00 0.01 0.01 0.02 0.01

* significant at 1% level; *** significant at 10%eVel

Propensity score matching

As detailed in Section 5, the aim of PSM is to wallfor a comparison between granted firms

(‘treated group’) and non-granted firms (‘controbgp’) that were identical in any respect when the

former received loans (‘treatment’). This contrfas potential nonlinearities in the relation betwee

control variables and firm productivity and allomse to infer causality from BNDES loans to firm

performance.

The implementation of (9) through PSM is not podesibr all years. On the one hand, we should

allow for some time to pass in order to check thledffect of treatment. Since Automatic BNDES

and FINEM are loans that last for at least fivergeghen it makes sense to check their impact

beyond a five-year horizon. This would allow usst® their effects not only during but also after
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treatment. Given the time spanned by our dataset 996 to 2003, that is clearly not feasible for
loans granted from 1998 onwards. On the other haniliild the control group for firms treated in
a certain year, one needs to have at least on@peeyear of observation to be used for matching.
Hence, the impact of BNDES schemes can be scratdnithrough PSM only for firms granted
Automatic BNDES and FINEM loans in 1997, which #fere define our treated group. Moreover,
to avoid concerns about repeated treatment, weeadslnde from the treated group all firms that
received additional support in any year other th887. Lastly, the construction of the control
group is based on all firms active in 1996 thatemeever granted loans during the entire period of
observation from 1995 to 2003. In the end we aftewdh about 200 pairs of treated and control

firms on which to perform PSM

As in the previous methods, we have tried differspecifications, distinguishing between
Automatic BNDES and FINEM as well as poor and rrelgions with or without controls. For
parsimony Table 7 reports only the results for #pecifications in which all controls are
introduced, Automatic BNDES and FINEM are considej@ntly as well as separately while no

distinction is made in terms of regions.

In Table 7 the distinction between large and smpadjects seems crucial. When the two types of
loans are considered together, the impact of BNDiEB&ncial support on firm productivity is
always non-significant. Differently, when one digfuishes between Automatic BNDES and
FINEM loans, their impacts respectively become ifiggmtly negative and significantly positive
starting from the third year after treatment. Thigygests the importance of ‘time to build’ for
investments put on hold until credit constraintgevieelaxed. Recalling that PSM focuses only on

firms granted loans in 1997, Table 7 may explairy Wte regression analyses, which do not allow

13 This PSM was done by estimating firms’ probabilibyget a loan from BNDES by using a probit modéhvthe
caracteristics mentioned in the appendix (all eftifrom the year before granted year, in this d&86). After having
this probability, non-granted firms were pairedhifranted ones by establishing a interval wheceutd infere if they
are alike or not.
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for ‘time to build’, hardly spot any impact of BN[3¥Eloans after controlling for individual firm

characteristics.

Table 7: Propensity Score Matching
All Brazil BNDES FINEM Automatic BNDES
Policy effect in 97 -0.69 0.04 -0.07
Policy effect in 98 -0.73 0.10 -0.03
Policy effect in 99 -0.74 0.13 -0.04
Policy effect in 00 -0.28 0.31*** -0.16**
Policy effect in 01 -0.11 0.45* -0.17**
Policy effect in 02 -0.09 0.45* -0.24*
Policy effect in 03 -0.15 0.34** -0.36*

* significant at 1% level; ** significant at 5% levand *** significant at 10% level

To summarize, BNDES loans seem to be effective aviign we distinguish between small vs.
large project (Automatic BNDES vs. FINEM) and allofer some lag for their effects to
materialize. In particular, these effects appeathm data after three years and their signs differ
between small and large projects, being negativahi® former and positive for the latter. In the
light of the theoretical framework presented inti®er4, these results are consistent with the idea
that Automatic BNDES loans are used by firms to lamgent lower quality projects using old
technologies whereas FINEM loans are used by fiomisnplement higher quality projects using

new technologies.

7. Conclusion

We have investigated the effects of BNDES loandogal firms’ productivity and technological
upgrading. This bank is the most important finahamestitution for long-term projects at this
country. Our results have shown that granted fidmgerform better than non-granted firms. Their
performance, however, is affected by BNDES loany @arhen we distinguish between loans for
small vs. large project (Automatic BNDES vs. FINEBYd allow for some interval between the

time loans are awarded and the time their effe@tenalize. In particular, we have found that the
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impact of loans on firm productivity appears afferee years and differs between small and large
projects. Being negative for the former and positior the latter, we have argued that our results
are consistent with the idea that Automatic BNDB&nk allow firms to implement lower quality
projects using old technologies whereas FINEM loalew firms to implement higher quality

projects using new technologies.
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Appendix — List of variables

Value Added- total value added

Number of employeestotal number of employees (end of year)

Age= number of years in operations until 2003

Average salary of employeedotal wages over the number of employees

Market share= market share in CNAE 2 sectors in terms of eeénues

Total revenues total value of net revenues

Percentage of high skilled workerspercentage of workers with at least an undergrddegree
Sector= sector classification defined by the BraziligatStical Institute at the level of CNAE 2

Location = region where the firm was located (North, Noaste Middle-West, Southeast and
South)

Educational level of employeesaverage number of years spent in schooling yl@ees
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Ratio of financial costs to total revenuesotal financial costs over total revenue
Ratio of exports to total revenuegdotal exports over total revenues
Ratio of imports of capital goods to investmertbtal capital goods imports over total investimen

Ratio of imports of intermediaries to cost of protion = total intermediate imports over total cost
of production

Multinational status= definition of multinational firm by the Centr8lank of Brazil for each firm
located in Brazil in 2000
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