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Abstract

The aim of this paper is to investigate the role of Jacobian externalities stemmed from different
technological sectors for international firms engaged both in environmental and in dirty activi-
ties. Firms’ innovation, measured, as the development of new patents, is a key factor behind the
achievement of desired economic performances. Empirical literature usually deals with the inte-
gration between ecological efficiency and product value enhancement. The results of these stud-
ies lead to the lack of integrated innovation adoption behind environmental productivity per-
formance. In this work, we analyse the integration between more environmental goals in an
original way, by applying different methodologies to compute technological proximity, based on
the Mahalanobis approach. To this end, we use information from 240 large international firms,
located in three economic areas: USA, Japan and Europe and we select their environmental and

dirty patents from European Patent Office data.
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1. Introduction

The empirical literature about environmental innovations and their effects on firms’ productivi-
ty (Marin and Lotti, 2016) and, in particular, on firms’ ecological performance (Costantini, Mazzanti,
Montini, 2013); Gilli, Mancinelli, Mazzanti, 2014) is very rich.

European Environmental targets on emissions depend upon technological evolution of firms’
industrial sectors. European economy must undergo important radical changes to assure long run sus-
tainability.

Environmental innovations represent a fundamental role in the process of integration between
competitiveness and sustainability (Cainelli et al. 2012; De Marchi, 2012; Harbach, 2008; Kemp and
Pontoglio, 2011).

Literature about innovation framework has paid attention to the complementarity between dirty
innovations and environmental ones (Hall et al. 2012; Mancinelli and Mazzanti, 2009; Mohnen and
Roller, 2005).

In this paper, we focus our attention on the analysis of integration process between only eco-
logical activities. To this end, we identify technological patent classes of three environmental targets for
240 large International firms, located in the USA, Japan and Europe: water pollution abatement, waste
management efficiency and energy production efficiency and we evaluate their Mahalanobis proximi-
ties.

The paper is structured as follows: Section 2 presents a review of the empirical literature about
the integration process between dirty and environmental activities; Section 3 describes the data used in
the empirical analysis; Section 4 discusses the environmental technological proximities for firms select-
ed in our sample; Section 5 presents the empirical analysis about three environmental targets: water pol-
lution abatement, waste management efficiency and energy production efficiency by economic area;

Section 6 concludes.



2. Literature review

Ghisetti and Quatraro (2017) and Costantini, et al. (2016) show that there is a bulk of literature,
that highlights the importance of policy interventions for stimulation the adoption of environmental
innovations and green technologies that have positive influence on environmental and economic per-
formance of country/region (Carrion-Flores et al., 2013; Nesta et al., 2014; Acemoglu et al., 2012; Del
Rio Gonzalez, 2009; Kammerer, 2009; Popp et al., 2009 (and also Popp, 2002, 2006, 2010); Fischer and
Newell, 2008; Rehfeld et al., 2007, Wagner, 2007; Brunnermeier and Cohen, 2003; Reinhardt, 1998;
Porter and van der Linde, 1995). Barbieri et al., 2016 propose a comprehensive literature review of
studies on the environmental innovations and their effects onto environmental performance. Among
the recent papers that estimate the determinants and the effects of environmental innovations on
environmental performance, Ghisetti and Quatraro (2017) highlight the following studies Gilli et al.,
2014; Costantini et al., 2013; Cainelli et al., 2013; Ghisetti and Quatraro, 2013; Mazzanti and Zoboli,
20009.

NAMEA (National Accounting Matrix including Environmental Accounts) models are exten-
sively used in the analysis of effects of environmental innovations on environmental performance.
Since the Italian case is “only full regionalized NAMEA available in the EU” (as mentioned in Costan-
tini, Mazzanti and Montini, 2013, p. 103) NAMEA in regional or country level is often used for Italian
regions or sectors of the economy. The examples of application of NAMEA approach for measuring
the effects of environmental innovations are Ghisetti and Quatraro; 2017; Costantini et al., 2013;
Ghisetti and Quatraro, 2013; Marin and Mazzanti, 2013; Marin et al., 2012; Mazzanti and Montini,
2010; Mazzanti et al., 2008; Mazzanti and Montini, 2010; Mazzanti and Zoboli, 2009).

Antonioli and Mazzanti (2017) use the methodology of multidimensional questionnaire. In par-
ticular, they study the involvement of trade unions on the environmental innovation activity in 555
Italian manufacturing firms in the Emilia-Romagna region for a period 2006 — 2008. According to An-

tonioli and Mazzanti (2017) there other papers that study firms’ environmental innovations on the basis



of survey methodology include such studies as Mazzanti et al., 2016; Borghesi et al., 2015; Triguero et
al., 2013; Horbach et al., 2012; Cainelli et al., 2012; Kesidou and Demirel, 2012; Veugelers, 2012.

D'Amato, A., Mancinelli, S., & Zoli (2016) also use the methodology of survey (Survey of Pub-
lic Attitudes and Behaviors toward the Environment) to study the environmental behaviour of house-
holds in England. As mentioned by these authors there are other examples of surveys of households’
environmental behaviour in different countries. Examples here are Korea (Hong, 1999); Canada
(Ferrara and Missios, 2005); Norway (Kipperberg, 2007); USA (Kinnaman and Fullerton, 2000;
Fullerton and Kinnaman, 1996; Hong et al., 1993).

In table A.1 in the Appendix we provide the summary of recent studies on spillovers of envi-
ronmental innovations and green technologies.

3. Data

We use information from OECD, REGPAT database, February 2016". This dataset covers
firms’ patent applications to the European Patent Office (EPO) including patents published up to De-
cember 2015. The dataset covers regional information for most OECD and EU27 countries, plus
BRICS countries.

In order to explore the correlation between environmental technology classes, we match the
name of the same 240 firms to applicant’s name from European Commission (2013), as in Aldiert,
2013.

The matching between the firms and their counterpart in OECD, REGPAT database, February
2016 is not easy and leads to one difficulty: many large firms have several R&D performing subsidiaries
in several countries and thus it is hard to link the patents applied by these subsidiaries to the parent
company. Unfortunately, we cannot prepare an accurate mapping because of changes through mergers
and acquisitions processes.

We follow two steps: patents are assigned to firms on the basis of their generic name; this pro-

cedure is repeated for each firm of our sample (Aldieri, 2013).

! See Maraut et al. (2008) for the methodology used for the construction of REGPAT. Please contact Hele-

ne. DERNIS@oecd.org to download REGPAT database.
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According to Kemp and Pearson (2007), environmental innovation is “zhe production, assimilation

or exploitation of a product, production process, service or management or business method that is novel to the organization

(developing or adopting it) and which results, throughout its life cycle, in a reduction of environmental risk, pollution and

other negative impacts of resources use (including energy use) compared to relevant alternatives”.

As in Marin and Lotti (2016), environmental innovations are identified through appropriate in-

dicators on patent data, according to their technological class®. In Table 1, we report those patents with

IPC code belonging to the groups selected by the OECD or the World Intellectual Property Organiza-

tion (WIPO).

Table 1. Environmental patent classes

Macro cat-|Sub-category IPC
egory
Water Water pollution abatement CO2F, EO03F, E02B, CO9K, CO5F, B63], E03C, EO03B
Solid waste collection EO1H, B65F
Material recovery, recycling, and|A23K, A43B, BO3B, B22F, B29B, B30B, B62D, B65H, B65D, C03B,
reuse C03C, C04B, C08J, C09K, C10M, C22B, DO1G, D21B, D21C,
D21H, HO1B, HO1J, HO1M
Waste man- Waste management n. e. c. B09B, C10G, A61L
agement Waste disposal FO3G, B6OK, B601., B0O9B, B65F
Treatment of waste A611., A62D, BO3B, BO9C, D21B
Consuming waste by combustion |F23G
Reuse of waste matetials A43B, B22F, C04B, CO5F, C08]J, C09K, C11B, C14C, C21B, C25C,
D21F, B29B, B62D, C08], C10G, C10L, C22B, D01G, D21C, H01]J,
HO1M
Integrated emissions control F02B, FO2M, FOIN, FO2D, GO1M, FO2P
Post-combustion emissions con-|{FO1M, FOIN, FO2B, F02D, F02M, G01M, B01D, B01]J, B60, B62D
trol
Technologies specific to propul-|B60K, B60L, B60R, B60S, B60OW
sion using electric motor
Technologies specific to hybrid|B60K, B6OW
propulsion
Energy  |Fuel efficiency-improving vehicle |B62D, B60C, B60T, B60G, B60K, B6OW
Insulation F04B, EO6B
Heating F24D
Lighting HO01J, HO5B
Wind energy FO03D, HO2K, B63B, E04H, B60K, B601., B63H
Solar energy HO1L, HO1G, HO2N, C01B, C23C, C30B, GO5F, F21L, F21S, H02],
HO1H, HO1M, F24], E04D, F22B, F25B, F26B, G02B
Geothermal energy FO1K, F24F, F24], HO2N, F25B, FO3G

As we may see from Table 1, we investigate the technological proximity between classes for

three environmental goals of firms: water pollution abatement, waste management efficiency and ener-

2 . . . ..
http:/ /www.oecd.org/env/consumption-innovation/indicator.htm

5




gy production efficiency. In particular, we analyze the integration process degree between environmen-

tal technology classes, as discussed in the previous sections.
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micro-size they are not visible on the graph.

Figure 1. Distribution of patent activity on “Water”, “Waste management” and “Ener-

gy” categories in the studied 240 large international firms

Figure 1 plots the patent activity of the 240 studied firms in three patent classes (Energy, Water
and Waste management). For better visualization, we color firms from EU in blue, from Japan — in

Red, firms from the USA. As we can see, the vast majority of firms are concentrated in the low patent

activity zone.



Figure 2. Distribution of dirty/ecological patents by economic atea
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In Figure 2, we compare dirty patents versus ecological ones by economic area: the American
firms produce more ecological patents than dirty ones, while Japanese and FEuropean firms are yet
technologically linked to dirty activities innovations.

Figure 3 presents the distribution of environmental patents by economic area. In particular, in
our analysis we consider three environmental goals: water pollution abatement, waste management effi-
ciency and energy production efficiency. As we may observe, American firms are specialized in the en-
ergy production efficiency process, while European firms innovate mainly for water pollution abate-

ment.

4. Environmental Technological Proximity

A relevant issue in the empirical analysis on knowledge flows is the computation of technologi-
cal proximity, which reflects the intensity of spillovers between the source and the recipient of innova-
tion.

In the literature, there are different approaches to use patent data on the technological proximi-
ty computation. From one hand, we may identify the ‘relatedness of technology fields’, which can be
distinguished into ex ante and ex post approach (Cantwell and Noonan, 2001). As far as the post ap-
proach, Teece et al. (1994) and Engelsman and van Raan (1991) argue that technological diversification
of firms in several technological classes is not random: according to ‘survivor principle’, firms which
combine relative activities are more likely to survive. In the ex ante approach, the relatedness is meas-
ured by the co-occurrence of classifications in patent documents (Breschi et al., 2003; Nesta and Saviot-
ti, 2005).

From on another hand, we may consider the proximity between patent portfolios. In this per-
spective, the most used measure is the uncentered correlation coefficient, introduced by Jaffe (1986).

This procedure rests in the construction of a technological vector for each firm based on the distribu-



tion of its patents in a multi-dimensional space and the proximity is the uncentered coefficient between
the corresponding technology vectors (Aldieri and Cincera, 2009; Aldieri, 2011 and 2013).

Other procedures to compute proximity are relative to the Euclidean distance (Rosenkopf and
Almeida, 2003; Cincera, 2005) and the Min-complement measure developed by Bar and Leiponen
(2012).

The aim of this paper is to investigate the integration degree between technology classes of en-
vironmental patents. Since Jaffe’s proximity assumes flows only occur within the same technology class,
Marshall, Arrow, Romer (MAR) or intra-industry or specialized externalities (Marshall, 1890; Arrow,
1962; Romer, 1986; Glaesar, Kallal, Scheinkman and Shleifer, 1992), but rules out spillovers between
different classes, Jacobian or inter-industry or diversified externalities (Jacobs, 1969), we use the Ma-
halanobis index (Bloom et al., 2013 and Aldieri, 2013), based on the frequency that patents are taken
out in different classes by the same firm, the co-location (Lychagin et al., 2016).

To compute the Mahalanobis proximity, we have to define some notations (Aldieri, 2013). First,
the (N, C) matrix T'= [T, T, ..., T’/ which contains in each row firms’ patent shares in the C techno-
logical classes, where C = 8 for water pollution abatement, C = 37 for waste management efficiency
and C = 46 for energy production efficiency. Second, we define a normalized (IN, C) matrix

1 1 1
T = T; /(T]T], FTé /(T2T2' FTZ’V /(TNT]’Vﬁ , in which each row is simply normalized by the firm’s

patent share dot product. Third, we define the (IN, N) matrix P = T ’, which is just the standard Jaffe

(1986) uncentered correlation coefficient measure between firms 7 and /. Fourth, we define a (C, IN) ma-
1 1
trix X = Iy / (T( 13 )FT( N) / (T( NN )P where T, ; is the i™ column of T and C = 8 for

water pollution abatement, C = 37 for waste management efficiency and C = 46 for energy production

efficiency. Now, we can define the (C, C) matrix §2 = XX in which each element is the standard Jatfe

(1986) 0 to 1 uncentered correlation measure between patent classes (rather than between firms). Thus,

the Mahalanobis proximity measure is defined as P=TaT.



For example, Table 2.a illustrates the Mahalanobis proximity between technology classes for
water pollution abatement for all economic areas, while Tables 2.b, 2.c and 2.d for Europe, Japan and

the US respectively.
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Table 2.a. Mahalanobis proximity between water environmental goal (all data)

Notes: The highest values of Mahalanobis proximity are highlighted in green, while the low-
est values — in red.

Table 2.b. Mahalanobis proximity between water environmental goal (data for Europe)
CO2F EO3F E02B CO9K CO5F B63J E03C
CO2F 1.00 0.11 0.07 0.32 0.08 0.11 0.44

EO3F 0.11 1.00 0.38 0.18 0.44
E02B 0.07 0.38 1.00 0.05 0.05
CO9K 0.32 0.18 0.05 1.00 0.42
CO5F 0.08 0.44 0.05 0.42 1.00

B63J 0.11
E03C 0.44

5. Statistical analysis

From the previous analysis, we get twelve matrices: three matrices based on Mahalanobis prox-
imity between technology classes for water (8 x 8 = 64 indicators), waste (37 x 37 =1369 indicators)
and energy (46 x 46 =2116 indicators) environmental goals for all economic areas; three matrices for

each environmental target and for each economic area.
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In order to investigate the integration degree between environmental technology classes, we
consider the correlation between environmental proximity of each economic area with respect to that
relative to all economic areas, which measures the frontier value on average. In this way, we can under-
stand whether there is statistically significant variation in the ecological technological process, able to
justify the gap of environmental performance with respect to dirty activities productivity, as discussed
in the literature review section.

Table 3. Correlations between environmental proximities

EUROPE JAPAN USA
WATER 0.88% [0.82-093] 098 [0.97-099]  0.84% [0.75-0.90]
WASTE 0.58% [054-0.61] 081 [0.79-0.82]  0.92%  [0.91-0.92]

ENERGY  0.69% [0.67-0.71]  0.69% [0.66-0.71]  0.86*  [0.85 - 0.87]

Note: * Correlation significant at the 1% . Confidence intervals are indicated in squared brackets

As we may observe from Table 3, American firms compared to frontier values are characterized
by high integration between all environmental activities, while European firms are less integrated for
waste management efficiency and energy production efficiency and Japanese firms evidence less inte-
gration in energy production process. Thus, there is statistically significant variation in correlation be-
tween environmental proximities in each economic area and frontier values. This result seems to indi-
cate that the leak of firms’ environmental performance in developed countries should be explained also
taking into account the integration between ecological activities and not only the integration process
between dirty and ecological activities.

6. Conclusions

The aim of this paper is to investigate the role of Jacobian externalities stemmed from different
technological sectors for international firms engaged both in environmental and in dirty activities. Lit-
erature about innovation framework has paid attention to the complementarity between dirty innova-
tions and environmental ones. The results of these studies lead to the lack of integrated innovation
adoption behind environmental productivity performance. In this paper, we focus our attention on the
analysis of integration process between only ecological activities. To this end, we identify technological

patent classes of three environmental targets for 240 large International firms, located in the USA, Ja-
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pan and Furope: water pollution abatement, waste management efficiency and energy production effi-
ciency.

Since Jaffe’s proximity assumes flows only occur within the same technology class (MAR exter-
nalities), but rules out spillovers between different classes (Jacobian externalities), we use the Ma-
halanobis index, based on the frequency that patents are taken out in different classes by the same firm,
the co-location.

In order to investigate the integration degree between environmental technology classes, we
consider the correlation between environmental proximity of each economic area with respect to that
relative to all economic areas, which measures the frontier value on average. In this way, we can under-
stand whether there is statistically significant variation in the ecological technological process, able to
justify the gap of environmental performance with respect to dirty activities productivity. The findings
of statistical analysis evidence that American firms compared to frontier values are characterized by
high integration between all environmental activities, while European firms are less integrated for waste
management efficiency and energy production efficiency and Japanese firms evidence less integration in
energy production process. Thus, there is statistically significant variation in correlation between envi-
ronmental proximities in each economic area and frontier values. This result seems to indicate that the
leak of firms’ environmental performance in developed countries should be explained also taking into
account the integration between ecological activities and not only between dirty and ecological activi-
ties.

Acknowledgements

The article was prepared within the framework of the Basic Research Program at the National
Research University Higher School of Economics (HSE) and supported within the framework of the
subsidy granted to the HSE by the Government of the Russian Federation for the implementation of

the Global Competitiveness Program.

13



References

Acemoglu, D., Aghion, P., Bursztyn, L., & Hemous, D. (2012). The environment and directed
technical change. The American Economic Review, 102(1), 131-1066.

Aldieri L. (2011). Technological and geographical proximity effects on knowledge spillovers:
evidence from the US patent citations. Economics of Innovation and New Technology, 20, 597-607.

Aldieri L. (2013). Knowledge technological proximity: evidence from US and European patents.
Economics of Innovation and New Technology, 22, 807-819.

Aldieri, L. and Cincera, M. (2009). Geographic and technological R&D spillovers within the tri-
ad: micro evidence from US patents. The Journal of Technology Transfer, 34, 196-211.

Antonioli, D., & Mazzanti, M. (2017). Towards a green economy through innovations: The role
of trade union involvement. Ecological Economics, 131, 286-299.

Arrow K. J. (1962). The economic implications of learning by doing. Review of Economic Studies,
29, 155-172.

Bar T. and Leiponen A. (2012). A measure of technological distance. Economics Letters, 116, 457-
459.

Barbieri, N., Ghisetti, C., Gilli, M., Marin, G., & Nicolli, F. (2016). A survey of the literature on
environmental innovation based on main path analysis. Journal of Economic Surveys, 30(3), 596-623.

Bloom, N., Schankerman, M., and Van Reenen, J. (2013). Identifying technology spillovers and
product market rivalry. Econometrica, 81(4), 1347-1393.

Borghesi, S., Cainelli, G., & Mazzanti, M. (2015). Linking emission trading to environmental in-
novation: evidence from the Italian manufacturing industry. Research Policy, 44(3), 669-683.

Breschi, S., Lissoni, F., and Malerba, F. (2003). Knowledge-relatedness in firm technological di-
versification. Research Policy, 32(1), 69-87.

Brunnermeier, S. B., & Cohen, M. A. (2003). Determinants of environmental innovation in US
manufacturing industries. Journal of environmental economics and management, 45(2), 278-293.

Cainelli G., Mazzanti M. and Montresor S. (2012). Environmental innovations, local networks
and Internalization. Industry and Innovation, 19(8), 697-734.

Cainelli, G., Mazzanti, M., & Zoboli, R. (2013). Environmental performance, manufacturing
sectors and firm growth: structural factors and dynamic relationships. Environmental Economics and Policy
Studies, 15(4), 367-387.

Cantwell, J., and Noonan, C. (2001, June). Technology relatedness and corporate diversification
1890- 1995. Paper presented at Nelson Winter Conference, Denmartk, 12-15 June 2001.

Carrion-Flores, C. E., Innes, R., & Sam, A. G. (2013). Do voluntary pollution reduction pro-
grams (VPRs) spur or deter environmental innovation? Evidence from 33/50. Journal of environmental
economics and management, 66(3), 444-459.

Cincera, M. (2005). Firms’ productivity growth and R&D Spillovers: an analysis of alternative
echnological proximity measures. Econonzics of Innovation and New Technology, 14(8), 657-682.

Costantini, V., Crespi, F., Marin, G., & Paglialunga, E. (2016). Eco-innovation, sustainable sup-
ply chains and environmental performance in European industries. Journal of Cleaner Production,
doi.org/10.1016/j.jclepro.2016.09.038

Costantini, V., Mazzanti, M., & Montini, A. (2013). Environmental performance, innovation
and spillovers. Evidence from a regional NAMEA. Ecological Economics, 89, 101-114.

D'Amato, A., Mancinelli, S., & Zoli, M. (2016). Complementarity vs substitutability in waste
management behaviors. Ecological Economics, 123, 84-94.

De Marchi V. (2012). Environmental innovation and R&D cooperation: empirical evidence
from Spanish manufacturing firms. Research Policy, 41(3), 614-623.

del Rio Gonzalez, P. (2009). The empirical analysis of the determinants for environmental tech-
nological change: A research agenda. Ecological Economics, 68(3), 861-878.

Engelsman, E. C., & Van Raan, A. F. J. (1991). Mapping of technology. A first exploration of
knowledge diffusion amongst fields of technology. Policy Studies on Technology and Economy (BTE)
Series, No. 15. The Hague.

14



European Commission (2013). The 2013 EU Industrial R&D Investment Scoreboard, JRC
Scientific and Technical Research series. http:/ /iri.jrc.ec.europa.eu/scoreboard.html;

Ferrara, 1., & Missios, P. (2005). Recycling and waste diversion effectiveness: evidence from
Canada. Environmental and Resonrce Economics, 30(2), 221-238.

Fischer, C., & Newell, R. G. (2008). Environmental and technology policies for climate mitiga-
tion. Journal of environmental economics and management, 55(2), 142-162.

Fullerton, D., & Kinnaman, T. C. (1996). Household responses to pricing garbage by the
bag. The American Economic Review, §6(4), 971-984.

Ghisetti, C., & Quatraro, F. (2013). Beyond inducement in climate change: Does environmental
performance spur environmental technologies? A regional analysis of cross-sectoral differen-
ces. Ecological Economics, 96, 99-113.

Ghisetti, C., & Quatraro, F. (2017). Green Technologies and Environmental Productivity: A
Cross-sectoral Analysis of Direct and Indirect Effects in Italian Regions. Ecological Economics, 132, 1-13.

Gilli M., Mancinelli S. and Mazzanti M. (2014). Innovation complementarity and environmental
productivity effects: Reality or delusion? Evidence from the EU. Ecological Economics, 103, 56-67.

Glaeser S., Kallal H. D. , Scheinkman J. A., Shleifer A. (1992). Growth of cities, Journal of Politi-
cal Economy, 100, 1126-1152.

Hall B., Mairesse J. and Lotti F. (2012). Evidence on the impact of R&D and ICT investment
on innovation and productivity in Italian firms. Economics of Innovation and New Technology, 22(3), 300-328.

Hong, S. (1999). The effects of unit pricing system upon household solid waste management:
The Korean experience. Journal of Environmental Management, 57(1), 1-10.

Hong, S., Adams, R. M., & Love, H. A. (1993). An economic analysis of household recycling of
solid wastes: the case of Portland, Oregon. Journal of environmental economics and management, 25(2), 136-
1406.

Horbach J. (2008). Determinants of environmental innovations-new evidence from German
panel data sources. Research Policy, 37, 163-173.

Horbach, J., Rammer, C., & Rennings, K. (2012). Determinants of eco-innovations by type of
environmental impact—The role of regulatory push/pull, technology push and market pull. Ecological
economics, 78, 112-122.

Jacobs J. (1969). The economy of cities. Random House, New York.

Jaffe A. B. (1986). Technological opportunity and spillovers of R&D: Evidence from firms’ pa-
tents, profits and market value. Awerican Economic Review, 76, 984-1001.

Kammerer, D. (2009). The effects of customer benefit and regulation on environmental pro-
duct innovation.: Empirical evidence from appliance manufacturers in Germany. Ecological Econo-
mics, 68(8), 2285-2295.

Kemp R. and Pearson P. (2007). Final report on the MEI project measuring eco innovation.
UM MERIT, Maastricht.

Kemp R. and Pontoglio S. (2011). The innovation effects of environmental policy instruments-
a typical case of the blind men and the elephant? Ecological Economics, 72, 28-36.

Kesidou, E., & Demirel, P. (2012). On the drivers of eco-innovations: Empirical evidence from
the UK. Research Policy, 41(5), 862-870.

Kinnaman, T. C., & Fullerton, D. (2000). Garbage and recycling with endogenous local poli-
cy. Journal of Urban Economics, 48(3), 419-442.

Kipperberg, G. (2007). A comparison of household recycling behaviors in Norway and the Uni-
ted States. Environmental and Resonrce Economics, 36(2), 215-235.

Lychagin S., Pinkse J., Slade M. E. and Van Reenen ]. (2016). Spillovers in Space: Does Geog-
raphy Mattetr? Journal of Industrial Economics, 10.1111/joie.12103.

Mancinelli S. and Mazzanti M. (2009). Innovation, Networking activities and complementarity.
Empirical evidence on SME performances for a local economic system in Northern Italy. Annals of Re-
gional Science, 43(3), 567-597.

Marin G. and Lotti F. (2016). Productivity effects of eco-innovations using data on eco-patents.
Industrial and Corporate Change, doi: 10.193 /icc/dtw014.

15



Marin, G., & Mazzanti, M. (2013). The evolution of environmental and labor productivity dy-
namics. Journal of evolutionary economics, 23(2), 357-399.

Marin, G., Mazzanti, M., & Montini, A. (2012). Linking NAMEA and Input output for ‘con-
sumption vs. production perspective’analyses: Evidence on emission efficiency and aggregation biases
using the Italian and Spanish environmental accounts. Ecological Economics, 74, 71-84.

Marshall A. (1890). Priciples of economics. Macmillan, London.

Mazzanti, M., & Montini, A. (2010). Embedding the drivers of emission efficiency at regional
level—Analyses of NAMEA data. Ecological Economics, 69(12), 2457-2467.

Mazzanti, M., & Zoboli, R. (2009). Environmental efficiency and labour productivity: Trade-off
or joint dynamics? A theoretical investigation and empirical evidence from Italy using NAMEA. Eco/ogi-
cal Economics, 68(4), 1182-1194.

Mazzanti, M., & Zoboli, R. (2009). Environmental efficiency and labour productivity: Trade-off
or joint dynamics? A theoretical investigation and empirical evidence from Italy using NA-
MEA. Ecological Economics, 68(4), 1182-1194.

Mazzanti, M., Antonioli, D., Ghisetti, C., & Nicolli, F. (2016). Firm Surveys relating Environ-
mental Policies, Environmental Performance and Innovation. Technical Report, OECD.

Mazzanti, M., Montini, A., & Zoboli, R. (2008). Economic dynamics, Emission trends and the
EKC hypothesis. New evidence using NAMEA data for Italy. Economic system research, 20(3), 279-305.

Mohnen P. and Roller L. H. (2005). Complementarities in innovation policy. European Economic
Review, 49, 1431-1450.

Nesta, L., and Saviotti, P. (2005). Coherence of the Knowledge Base and the Firm's Innovative
Performance: Evidence from the US Pharmaceutical Industry. Journal of Industrial Economics, 53(1), 123-
142.

Nesta, L., Vona, F., & Nicolli, F. (2014). Environmental policies, competition and innovation in
renewable energy. Journal of Environmental Economics and Management, 67(3), 396-411.

OECD, REGPAT database, February 2016.

Popp, D. (2002). Induced innovation and energy prices. The American Economic Review, 92(1),
160-180.

Popp, D. (2000). International innovation and diffusion of air pollution control technologies:
the effects of NOX and SO 2 regulation in the US, Japan, and Germany. Journal of Environmental Econom-
zes and Management, 51(1), 46-71.

Popp, D. (2010). Exploring links between innovation and diffusion: adoption of NOx control
technologies at US coal-fired power plants. Environmental and Resource Economics, 45(3), 319-352.

Popp, D., Newell, R.G., Jaffe, A.B., 2009. Energy, the Environment, and Technological Change
(No. w14832). National Bureau of Economic Research.

Porter, M. E., & Van der Linde, C. (1995). Toward a new conception of the environment-
competitiveness relationship. The journal of economic perspectives, 9(4), 97-118.

Quatraro, F. (2010). Knowledge coherence, variety and economic growth: Manufacturing evi-
dence from Italian regions. Research Policy, 39(10), 1289-1302.

Rehfeld, K. M., Rennings, K., & Ziegler, A. (2007). Integrated product policy and environmen-
tal product innovations: An empirical analysis. Ecological economics, 61(1), 91-100.

Reinhardt, F. L. (1998). Environmental product differentiation: Implications for corporate stra-
tegy. California management review, 40(4), 43-73.

Romer P. M. (1986). Increasing returns and long-run growth, Journal of Political Economy, 94,
1002-1037.

Rosenkopf, L. and Almeida, P. (2003). Overcoming local search through alliances and mobility.
Management S'cience, 49(6), 751-760.

Teece, D. J., Rumelt, R., Dosi, G. and Winter, S. (1994). Understanding corporate coherence:
Theory and evidence. Journal of Economic Bebavior &> Organization, 23(1), 1-30.

Triguero, A., Moreno-Mondéjar, L., & Davia, M. A. (2013). Drivers of different types of eco-
innovation in European SMEs. Ecological economics, 92, 25-33.

16



Veugelers, R. (2012). Which policy instruments to induce clean innovating?. Research Poli-
0, 41(10), 1770-1778.

Wagner, M. (2007). The link between environmental innovation, patents, and environmental
management. DRUID (Copenbagen Business School), Denmark.

17



8T

SUONE[NGIT 19121S 01 109(qNS PUL JITALBIY 93¢ 1B} SI01I9S SUFNIDLJNUEW UO UMOP SUIMOIIET UIYM ISUEYD S0P 22UapIAY ‘siudwdrordwr Ayraponpoird
[EIUDWITOIIATD 01 PI[ 10U St $90N2eid [BUONELZIULSIO-0UYd) IOYIO PUE [ UT SUNSIAUT *¢ “W[LdT IPIXOIP TOGFLd oU} UT A11Anonpoid [EIUdWTOIIATD JO
JOATIP © SE [ JO 2SN, oY) SUIIVOD JBYM JOJ 9[OUM E St AWOU02d Nf Y], *Z "Suiziaioereyd jou st Aaperuowd[dwor) 1 *(69 — 9 dd woiy paid se) symsay
UOISS21307 PaWEI} UONIIS SSOID [[PPOIA

BIBP [9AI[-[8I0II3S ‘()17
=900 ‘$HIUN0d N LT
MUBZZEN “NPUPUEIN ‘¥ 10T

“x1ur £5170d © JO USISOP 91} UT SUONEBIIPISUOD SUTEYD IN[BA J[BUTLISNS FUT

-pnpur 03 pred oq pnoys vonuane ayrads aA9] 101095 oy e sourwIoFiad [pruowuoIAul Suraordwr Jo Aem 9ANI93F0 U 9q 01 IO suIm uopdRoid (dew
-2 PUE) [EIUSWUOIIAUD SPFEMO0) PIIUIIF0 A[[edrroads sarrod orqnd era $101998 [ELISNPUT UL SINIANIE UONEAOUUI-029 Supnpu] 9 ‘uvononpord s[qeurelsns

ur JudwaAjoAuT s3orddns Jo Arxordwos Sursearour o) 9SEURW 18U SWSIULYIIW IDULUIIAOS JO TONEIUIWI[JWI 9ANIIJJO PUE USISIP o) JOJ POPIIU 93¢ SN
-mmqedes oi1oads ‘SuTeS [BIUDWTOIIAUD JO 903n0s JuEIFodWI UL 9q 01 INO PIVIN] SITLUT] [EUONLUIINU] *G "SIISO[OUTI) UII3 JO SIJOU( [LITIWUOIAUD I}
Sunrordxa 107 [enuaI0d 18913 9ABY UTEYD 9N[EA UOREAOUUT U2IFS 9} UT SUONILINUT J9onp0ord-1osn JO Wi0] oy UT SUONEIOJER[[0d WiJ-FoIul o5euewr A[panisod
1B SWSIUBYIIW DUEUIIA0T 91870dI07) *p "PIIapIsuod st od£) SUOISSTWD H)[{£) F9ANLYM ‘90ULWI0fFod [EIUSWUOIAUD 191805 01 d[9Y] [9A9] [EUONLUINU] PUL
[BUONEU 313 1B Y30 $30109s weansdn ur pado[aasp s9r30[0UY23) UIIIL) *¢ *STONIESULII I9YILW BIA $70103S JOYI0 JO 2dUrwWIOjFad [eruswuonaus oy Surdeys
Apoanrsod Jo ose 1nq “91eUISIIO AoU) 930UM $70199s 911 UT wononpoid Jo 10edwl [EIUIWTOIIAUD 92U SUTdNPa3 ARo2xp Jo o[qeded oq 01 wods SUONEAOUUT
-007] 7 "AWOU02 S[PUILISNS UOQILI-MO[ & 0} UONISULH 31} SULMOAL] JO A8 9AND9JJ9 UL ST UONTAOUUI-094] T *(GZ — ¢ *dd woj paipo se) synsay
SUOIs$91593 [oued JOUI-S0T [9POA

LOOT - S661 ‘S9rAUN0d
N LZ UT $303298 Suprmioejn

-uew | “eSunperde ‘uLey
‘dsor) ‘unuEIso) ‘910z

"STOIABUD( 91SEM UO JULIYIUSISUT 938 poyasnoy o ur o[doad Jo soquunu o3 pue uaIpIyd JO 22u2saxd 9y YnOq IS[IYM DISeM dFOUW
2onpaz 03 readde ojdoad pareonpa o307 *p "9sN-23 30 SuTP£293 303 IO $1onpoId 130S 01 JWN IIOW IALY O PUI] 2IOJOII) PUL PIINIT ITE LI} SISED [EFIAIS
ur Jet) SuapIsuod Aq paure[dxa A[erouds st ojdoad Aprop[o Jo 130330 SuraAd03 FJOYSIY o (SUONIE UondNPaF SuTUTe[dXD UT JULIITUSIS 10U ST 938 IS[TYM OI0W

904291 01 yeadde sdnoid o3e 19p[o UT S[ENPIAIPUT *¢ 'UONONPIF 2ISEA JJT[NWNS O JUIWNASUL 9ANIJD UE 9q ALW S[ENPIAIPUL JO SIPNINIE [LIUWUOIAUD
-01d BUrsearOUl PUE TONEONPI [LIUSWUOIAUD UL SUNSIAU] 7 ‘J[9SIT JOIABYI( UORINPIIF UO IABY SIN[LA [LIUIWUOIAUD 19539 S} ULYI SSI YONUI JOAIMOY
‘o[ 23mb ST ONONPax 23sTM [ENPIAIPUT UO 10edWT IO LU [BIAF $109JJ9 [£10] INOJE SINSIT “SIDTOYD UONINPIJ J0J (PAWIFUO0d ST uone[r Arreruaward
-Wod 3 S F¥J St) AJOAIIPUT PUE STOTABYS( SUIDAd2F [ENPIAIPUT J0F snnwpns  se 19t sarod Surp4£oar ySnoys uaar 1 (g6 — 16 'dd woiz paro se) symsay
*s)[nsa7 SurPpow uonenba [LINIONNG GUSWUOIAUL U} PFLAO] SIOIABYY PUL SOPMIMIY JN[qnJ JO A2AING :SPOYIdSN

'600C
‘PURBUT TUIWUONAUF

o1 PFEMO) SIOTABYDY PUE
sopmImy o1qn jo £oaing
JO suoneAIasqo 00°C 107,
TrRupuE ‘orewy,d 910T

-oreutwopaid suonnjos (odid o puo 59) [earsojoutda) rordwrs

9IOYM ‘SIISO[OUTI) SUPNPIT UOISSTWD JOJ Punoy st (SUTuTeSIeq put UONLWIOJUT UOTUN JOJ YDOJ [9AJ] dDULITTUSIS 0/,()]) 2IUEIGTUSIS [EINSNEIS JO SWII) UT
SUONOLINUL JUIWIFLULBW-STOIUN JO 9[OF ISOYBIM I} SIFIUI] JUddHINS opraoid 10U op (TONEINSTOD SUOTUN “F°9) SUONN[OS IBIPIWFNUT IS 93¢ S]H JOJ
$1S0D 91} UAY A\ € "FONTW JUTUTESIE] PUE UONEWIOJUT YIOq dIdYM SISBD 91 978 (70D ‘OSISYINH) SUONEAOUUT [IS0[OUTI) PUL [BUONESIIESIO Xo[dwoo
azow jo suondope oy, *g ‘T Jo 2d&1 Lue so5 vondope jo Lmiqeqosd oy 2dusnFur LAredpPUnW SWes 9Y) UM STH] JO UOISIIJIP JO 3)TF 9J0W IBAOUUT OF
pual Aews pue sardrjod 1uaSUIAS 270w 01 199(qNS UIJO 93 $30129S SULINIDLJNULW AALIY ‘UYONIPPE UT *(SUONELAOUT [LIUBLWUOIIAUD) STH Suraes-£31ouo Sundope
30 Lpqeqoxd o saseardur (301098 Supnyod €) S 2y3 01 193(qns J01998 € UI WY © SUR( SI9NTW SSIUPAIE[RI 30193G °T (967 — ¢6¢ "dd 4q paap se) :synsoy

"UONOUNJ UONEAOUUT [BIUITWUOIAUD (AITATIOE UONEAOUUT WY JO SUOISUIWIP [BIDAIS SIIEINSIAUT 18} 2I[BTUONSIND [eUOIsUSWwIpNnW y :S[OPON

800C
— 90 ‘UOI3a3 ruSeWoy

“BIIWE 23 UT Sy
mﬁﬁduu.mmsc.me uelel] ¢gg
MUBZZE ‘POIUOINY ‘LT(T

* 987e[ 1, JUDWUOIIATD ) ST 2DUIN[FUT A[[en1de A9U1 1BYM SE ‘STOQUSIOU SIT JO SJH Y} 199JJ€ 10U OpP UOI3F

9UO UT SJH G "SOrweuAp roonpord-rasn oy ySnorp osfe ssed JHq U0 $199330 ST b (DY PUt XON) 399132 PIZI[ED0] 9I0W & YA SO} pue (OO pue gO))
109339 [qO[3 & SUTALY 9SO} IO ‘PIFIPISTOD SUOISSTWD JO SISSEL[D ) [[& JOF ISNqOI pue 2ANTs0d ST ‘SoSexur] [EdnFoA Aq PILISPOW PUE I1DIIP YO ‘JH UO
IO 30 10edwr *¢ "Y10q FO SUOISSTWD JO ISLIFIIP & JO PIPPE ON[EA JO ISLIIIUL UL IO "I'T ‘JH JO ISLIIOUT U SIOPUISUD [ JO ISBIIIUL UY *g "ST0IIIS PIIB[IF
AJ[eonI9A UT PIBIOUIS (STONBAOUUT [BIUSWUOIAUY) STH £q uaamrp o3 (Arqnonpoid reauowuonaus) J7 ul syuowoaordwy °f *(§ — 9 *dd woiy paip) symnsay
[PPON uIqin(] [enedg Xmmew SUNUN0dE IWOTO0II-[LIUIWUOIAUD PIFGAT SIUN0IDY [EIUIWUONATH PIM XINEJ SUNUNOIDY [BUONEN] S[OPOTAL

$00¢—200¢ +°3
SUOISOT URI[LI] JO [oUBJ "OF

-exENY) PUT MISIYO “L10T

$I[NS93 A2 pUE pasn [9POTN

vondrosop roded orseg

*S2I30[OUYI] TIII3 PUL SUONEAOUUT [BIUDWUOIATD JO SFOAO[[IS UO SIIpMIs 1U2393 Jo Azewung *[yo[qe],

xpuaddy




61

-ud Jomo[ pue eirdes 70d vondwnsuod £370U9 JOMOT ST 92UIIIJIP ST "IFLIIAE [BUONELU OU) UEY) JUIHIO A[[EIUDWTOIIAUD 230W A[pAREIedwod ST ‘paredof st
SWOY 9IdYM ‘UOISOF OIZE 9U) 1L} SIIEI[PUT UONESNSIAUT 9FeYS WIYS 9} VHNV N UI PIPNIUT STUOTSSIWD ¢ 30,1 *T (9947 — G9¢¢ dd woiy paim se) sinsay
VANV N [EUOISOY PUE SIUN0IDY [BIUDWTONAUH ‘SISA[eUY uonisodwoda(J [eFonng SPPOA

UOI393 O1Ze | oY) pue A[eI]
TURUOIN ‘BUeZZe ‘010

‘sures A1aponpoid jo vors

-STWSUEI) [BUOIS9I-SSOFD JO 1UIWNSIE 9} SUNEIOGOIIOD ‘S[OPOW I [[B SSOIIE JULIPIUSIS pue aanisod st uoneprrosoine fepeds 107 1U2OHI000 YT, °G “A[eI]
ur stped Juowdo[oAdp [EUOISF JO $93NIEY JNEIIULSOIPT o1} JO 20UEAS[3 913 Sunroddns ‘s1usrd[300d JULIYIUSIS PUE dANESOU MOUS 1UaNonb UoNEdI0] 9ANL[X
o) PUE UONEIOWO[STE POG p "YMois Aranonpoid [euordar 109336 Apuedygrusis pue A[papisod 01 WIFUOd 92U2oY0d 23pa[mouy pue [eardes aSpaymouy
S[IYMA ‘S[9POW 93 JO SUOU UT JULIHIUSIS A[[eonsnels o5 £191reA JO §199339 oY T, *¢ "[amor3 £11anonpord Jo $a1ex oy 39ySIY 91 ‘VOIZIT 31 UTYIIA INO Pl

-J€D SONTANDE [EIISO[OUTI) ISIIAIP I} 9FE PIIL[I IO *Z "9sNIddX0 [£101 [BUOISOF 91} VO IUIIDNI0D JULIPIUSIS pue 2AnTIsod o) Aq UMOYS ST SB ‘S[ENTIIIJ
-1ip £i1anonpoid Sururerdxo Ut Fo11ew Y201 [e31ded 9SPIMOUY JO UONEL[NWNIIL JY) UT SIIUIIIIJIP [BUOISI $5037) T (1621 - 9621 "dd woiy paro se) symsay
‘[opow

SJOIEITPUT 9SPI[MOUY [BUOIS3 ouspuadop [eneds (Aranonpord o1oennur Jo Xopur LAWou09 [BEU0ISaT J0] ToNduny uononpoid sesno([-qqoy) :S[9PoN

200T—1861 Ul sUOI3
-97 UeI[EI] UT 303298 JUrm)

-oeynuely "orenens) ‘010¢

*SOTPNIS JL[ILTS JUIIIF OWOS UT PIIIPISTOD Sk UONTUIJOP MO[ B SBY [9AJ] UONESIISIE [B101I9S ) UDUM SI01I9S TONINP

-01d o) I pAIEOOSSE APIOIIP 9SOY) PUL PULWDP [EUT) DNISIWOP UT Y0] ‘SUOISSTWD PIATPOQUID JO SIUNOWE PAIEWNsd A1UNod Jo YOT-H 2y Junoidio
-ut uoym pred oq 1snw GONUNE [e19ds SILd X PUE SUOISSIWD JO 195 [[NJ 9T JOJ SUOISSTWD JO 19130dX0 10U st uredg Jo sniels oY1 193¢ JOU SIOP UONELFIIFFE
95D TRIEI] o) oYU g “(SUOISSTWD JO 39170dX2 10U & ST ANUNO0D 213 *9°7) 170dXd UT PAIPOQUId SUOISSTWD JO JUNOWE 9} ULY) F9I833 st s1rodwir ur parpoq
-WD STOISSIUWD JO JUNOWE ) "PIPN[IXI 9] J0UTED 199339 uoprsodwiod & 1ng 1uasard oq pinos usrsop 1onpoixd pue sassod0xd vononpoid ur stuswasozdur

Kouapnge sreadde g0 01 GG T WOIJ SONIANDIE [BINSNPUT A PIsnEd s2Inssaid [EIUIWUOIIATD UT UONINPIT Yeom Y °T *(g§ — £/ "dd woiy pai se) synsay
VOIdd — sisfeuy nding indul-popuaixy [L1uowuoiauy {(VHNYN) SIUN02DY [BIUSTUOIAUH SUIPN[DUT XIHEA SUNUNO0IIY [EUONEN :S[OPOIA

"$301098 ()9 JO UONES
-2133esIp ‘5002 000T ‘S661
ut e pue upedg unuoy

‘DueZZEN ‘UL ‘C10C

*SUTES ADUDIOIIJO [EIUDWTOIIATD SULIISOJ U [9AJ] [BUOISOF 18 UONE[NSGII [LIUIWUOIIAUD JO SSOUIANIIID JOFUOMNS

ot Surure[dXo SMO[[E OS[E SUOISSIWD PIZI[BIO] IFOW JOJ IFLWEpP [LIUIWUOIAUD SurAd3ad s1uase pue syonjjod jo Surddeproro 1018013 oy Osed sty UT "sjued
-nfjod paz[[ed0[ 970W F0J 199332 FUISLIIOUT UL YIIM ‘VONTAOUUT [EUFAIUT UL AOUIOI [LIUSWUOIAUS Furaordwr ur 9[0F 9A1199339 o30w © Ae[d 01 Waas s1oA
-o[[ids [eu01323791UT [€2130[0UYD3 ], *9 003 SIsA[eut 9ANdIFOSap 93 UL PUNOj oM s AOUIDFFO JO SINISUIIUT UOISSIWD JUIIJIIP £q paziraldeseyd 9q Aewr suord
-97 Juasa3JIp 01U uonezedads F0109s dwes oyl Aym ure[dxa 03 sn sd[ay YOIYM DUIPIAD ‘SIATO[OUYII FINIP JO FIUEI[D JO uondope SY3 UT $IVT0YD BOWWOD
M PIBIDOSSE 9q Avwu seore [edryderSoas paioaas ojur  s10109s Sunnpod ograds Jo ssooord uonesoisse oy, °g 'uroned £30[0UYI) UOWWOD UIATIP
Areorydes80903 © JO 90UISIXD 9} SE OS[E 1N ‘SLITE PIIDIIISIF OIUT SJ0199s dI109ds JO UONEIIWO[FSE Uk St PIPUIUT A[UO 10U 9FE 1LY} SINSN[D JO 9IUIISIXD

913 JO 22UIPIAD st parardiorur oq Aewr INsax ST, *JH d1199ds 101095 pue uordax surure[dxo ur oo JuedhTUSHs € Ae[d syoao[ds [pruswuoINAUD ‘Fenonyed ur
OHD) JO] "IULAI[F A[YSTY 978 SIOAO[[IS [BIUSWTOIIAUD PUE [EIISO[OUYID *f *JH d519ds 301295 pue uorsox Jurure[dxa ur o701 JuednyTudss & Ae[d sroaods [e
-UaWUOIAUD ‘Fenonsed ur O[O 10,1 *¢ '(9OUBWIOFIDJ [BIUSWUOIAUL) 5 [PUOIFaF $10933¢ ‘syuauodwod Lousmyys o3 pue uopezenads Lnsnpur oy yroq
SUTIOPISUOD ‘OPIAIP UINOS—IFON] UBI[LI] U], *Z "SI9AO[[Ids pare[or A[[Ed[S0[0UY23) puUE A[[EIUSWUOIAUD [ERUaNDIsSUOd UO PUE SUORIPUOD put saniIqeded
[890] UT $22U230331p U0 puadop A[SUOMS P[NOd [9A3] [EUONEU 1B 20ULWFO0JId [EIUIWTOIAUD 2ANTS0d JO JuawAdYDY *1 (Z11-011 "dd woij paio se) synsay
‘[PPON snosueinurg [eneds {(Ty 1) £5ojouyday,

-oouonpyyy-uvonemdog-1oedwy otp pue (HI[H) 9AIND SIOUZNY] [EIUIWTOIIATD (SIUNOIIY [BIVIWUOIAUH PIM XINEN SUNTNO0IDY [BUONEN] :S[OPOIA

S00Z ‘yore ur fwo

-U029 JO SJ01I9S {7 ‘SUOI3OT
UBIUIL 0C TURUON PUUY
‘BuezZZBIN ‘TURULISO)) ‘C107

98BI0AL UO 1SEI[ 1B ‘JEJ Os pansind oABY $70109S DTWOU0ID 1L} A591e1IS UONEA

-OUU 92 JO SSAU[EDIPLI-UOU () SIUIWNIOP UONEIZIIUL JO Yo¥[ YT, °g "AeM PIIUSFO-[€0T JULIYIUSIS € UT Wyl SUOWE PIIEIFNUL J0U UONIPPE UT 958 YDTYM
‘suoneAouy] [eIuawarul vodn spuadep A[98ny padusradxa STy ()1 U3 SUOISSIWD D)) UT 3SLIFIIP PN °/ '$s2u2annadwod 01 uonIppe Ul saouewrogiad
93ueyd 21BWIP () Y} IDULYUD 03 [BONID ST Jupmidejnuew jo Aoeded uoneaouur 9y T, *9 “sisA[eue no £q 1ySYSIY st $901A19s 03 A[PANE[RI SULMIdEJNULW
-J0 £a10edEd DANEBAOUUT 0JOW O[T, *$1957%) $souaANnodwod pue AIIqeuTeIsns [IIm 9dUIPIAD JNO SIDIUVTODINUT A[Sunsazaiur epuade £orjod 7 o uT s[eos
SUIMIOEINULW-2F MIU 9], *G "SPFEFTe[ (){] UIYINOS PUE SILIUNOD UIIFOU IANTAOUUT UIIMII] SIOULWI0JFd [EIUSWUOIIAUD PUE D[WOU0I O] UL 90U3
-JOATP JOURINJ JO SYSIF SMOYS OS[e Apnis 9sed ()7 'SISTID 913 JO yead o) Fo1Je pue unpm Aranonpoid feruowuoraus parroddns sey urmumop 600z—800¢ 22
97032 SUONEAOUUT PA1ei3aIut 3o uondope 3y T, *{ "SOIWEUADP WIA) SUO-WNIPIW B IIA0 $19JJ9 139X SIUSWISIAU] UONBAOUU "9PIS $II1ATIS 93 03 paredwod

$I[NS93 A2 pUE pasn [9POIN

vondmosop roded orseg




0¢

*£oua101339 T3

-UDWUOJIAUD PUE PIPPE dNJEA UIIMID] JJO-OPEN B 30 parmnsqns sey L1aponpord Surseazour Apurol e yorym ur uroned H3[H UE 01 JO ‘S[QRIFEA OM] ISOU) UT
DSH Ue 3o 13ed Surpuadsop a1 01 spuodsarzod yorym ‘pappe anfea 3od sTOTSSIWD e Sudnpax 03 pue soioidwo 1od poppe anfea Surseardur 03 Yroq sod xo
‘pa[ sty AWOU009 UEIEI] 93 UT [¢3rded JO UODEIHFISUIIUL U3 YDIYM UT UO ST SOIWEUAP [edrdojouyoal Surreassd oy, ‘g 'XON Put HO 703 sorweudp padeys
-(] P233oAUT £q PISIIAIOLILYD JUIIXD WOS 03 ST ANsnpur ‘Aranonpoird moqe[ pue SUOISSTWD Jo £oUanEJe usamiaq sdigsuonear Lrejuowa(dwod, & skemye
MOUS 01 PUa) $301A73s JT sauean(jod sso1doe ‘Aem sNOUIFOWOY-UOU & UL SOTWEUAD 01098 A UIALIP ST 9DUIPIAS 91EF2133e-0100W SIY T, *20uaradxo UeIel] 9y}
ur (Louordnye suorssrud) L1aponpord pruowuoraud, pue L1anonpord moqey, toamioq drysuoneor oapisod e st axoy ], 1 (g1 1 'dd woiy paid se) symsay
"Jose1ep [oUtd SII9S SWN [9AS[-F0ID3S (SIUNODDY [EIUSWUOIAU] [PIA XINEJN SUNUNOIDY [BUONEN]) VHINVN SPOYIdIN

100C-1661
‘SOUIUEBIQ JO1IIS (7 ‘AT

-e1] "1[0qo7Z ‘NULZZEIN ‘G00T

"PRIYBIYSIY ST AOUS10[jJo SUDUBYUD UT $9230]

uoneaouur Lreruowordwod aearrd /orqnd Jo [0z oy A[[eUly PUE ‘SONIEUINXD [EIUSTUTOIATD UO PaIdSFE) $OIMIPUadXa [BUOLSOF UBY) 9J0W JONBW O) SWIIS
UonELAOUU] *¢ "$109130 Jutof Aq pue (29 21qnd pue aeanrd Jo $159330 91eredas YINOIY) YIOq ‘SUOTSSIWD [[& SSOIIE oN[eA JO ITUN 1od VOISSIWD UMOP SUATIP
ur 1uedhTUSIs A10A sfeafe st (129 ‘sedeys-() Fesur] vou Supuasard are Araponpoid moqel 01 pare[as st dIySUONE[RF JUSWUOIIAUI—IWOIUT *Z "A[EI] UT 1S9MO]
93 ST 301298 SUTINIDLJNUBW §,01287] UT AIISUIUT ASI0UD [€IT1I09[0 PuL AFI0UD So8eIdAL [BUONEU o) 01 paredwod ‘IO uo (£330Ud [821NI9[0) LIsuaUT £370

$I[NS93 A2 pUE pasn [9POIN

vondmosop roded orseg




