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A heuristic concept of institutional self-organization in regional environmental
monitoring systems is proposed and tested with a cross-country example. The effect of
pollutants' health and environmental impact upon their coverage in annual
monitoring programs is modeled using logistic regression with random effects,
controlling for central government budget allocations. Statistical estimations show
the varying degree of self-organizing systems' capability of efficiently mediating
macro policy signals. A regular assessment of this kind may provide the screening
criteria for efficiency audit, as well as design, of environmental monitoring systems,
and assist in establishing co-financing amounts and structures for environmental
administration.
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Introduction. Development of scientific methodology, as well as policy
instruments, for sustainable governance of socio-ecological systems remains a
practical and intellectual challenge. As Hryniv (2009) has stressed, the existing policy
approaches to sustainability are clearly inadequate to the complex ontology of
spatially determined territorial systems constituting the biosphere [1].

Given the spatial heterogeneity of socio-ecological landscapes, the regional
governance systems are required to become the key policy instrument for transition
towards sustainability. The desired degree of decentralization of sustainable
governance functions is, however, still an open question. This issue is particularly
important  for  environmental = monitoring  subsystems, as  monitoring
comprehensiveness and sensitivity determines the predictability of ecosystems
dynamics, including global ecological change processes. Full decentralization in
scoping and scaling of monitoring systems, as well as in their financial supply, would
arguably disrupt the interregional coordination of governance efforts, which is
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necessary on national, cross-border and supranational levels.

An empirical approach to this issue would take into account the specific nature
of socio-ecological landscapes as complex open systems governed by biophysical
laws [1] [6]. Dynamics of these systems are, according to this methodology,
constituted by exogenous impact of external environment (in both ecological and
institutional sense) on the one hand, and by endogenous feedbacks on the other. The
parameters of regional environmental monitoring systems, such as monitoring
comprehensiveness, spatial and temporal density, detection sensitivity etc., may be
determined exogenously or endogenously to various extents, possibly differing across
regions. It is worth noting that the presence of diverse monitoring subjects with their
own subordination and particular instruments disallows an a priori evaluation of
modeling approaches, while at the same time leaving the possibility for detection of
both groups of effects. Each of the possible outcomes may have far-reaching
governance implications.

Analysis of recent research and publications. The applicability of non-
equilibrium thermodynamic concepts to description and analysis of social and
economic processes is hotly debated in the theoretical literature. Luhmann's (2012)
evolutionary systems-theoretical approach [2] to the emergence of social structures is
increasingly supported with development of a class of formal conflictological models,
e.g. by Elsner and Heinrich (2011) [3]. Samet (2012) comes closer to
transdisciplinary thought by considering institutional emergence as the process of
investment capital dissipation [4], which presents a direct analogy to dissipation of
energy in self-organized non-equilibrium systems studied by Ilya Prigogine. On the
other hand, Bateira (2007) argues for only an heuristic value of transdisciplinary
transitions of this kind, denying methodological applicability of biological or
biophysical concepts to institutional evolution processes [5].

The ongoing discussion may suggest the high context sensitivity of arguments
concerning the economic meaning of open systems theory applications. The
fundamental role of photosynthetic production in biospheric emergence undoubtedly
provides solid scientific foundation for the recent transdisciplinary developments in
ecological economics treating regions as complex natural, social and environmental
systems shaped by processes of self-organization and entropy production [6]. While
institutions in this context may be treated as subsystems subject to the same
evolutionary processes in biospheric environment, the specific nature of negentropic
and entropic processes in economies and governance structures remains unknown.
For this reason, we might presently only suggest a heuristic concept of institutional
self-organization to describe the variety of exogenous and endogenous impacts upon
parameters of regional environmental monitoring systems.

Previously unsettled constituent problem. While the mainstream discussion
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over open systems theory in economics focuses primarily on methodological issues,
the research directed towards empirical assessment of the systems parameters, as well
as policy implications of the methodology is more scarce. A brief review of
contemporary governance principles further justified by the transdisciplinary
approach, including target-based programming, action analysis planning, and
resolution of conflicts between environmental perspectives on various territorial
levels, is provided in [6]. However, further policy-oriented research informed by the
methodology and grounded in quantitative empirical estimations is required. On the
other hand, measurement problems can easily be identified as one of the major
factors hindering progress in this direction.

The main purpose of the article is to develop an instrument for statistical
estimation of self-organization effects in regional environmental monitoring systems
and thus provide an empirical guideline for their design and financial supply. The
paper concludes by a brief discussion of environmental and economic policy
implications of the proposed concept of institutional self-organization.

Results and discussion. According to the heuristic concept, regional
environmental monitoring systems may be expected to respond to exogenous changes
in macro policy environment, such as in financial allocations, by endogenously
adjusting their functions and structures in processes which could be described as
dissipation of external financial supply.

The proposed design of statistical models was governed by the possibility of
using conventional and readily available economic and environmental data. Air and
ground pollution monitoring was chosen as an example due to clarity of monitoring
aims and functioning in this case. The degree of health and environmental safety of
polluting substances are expected to influence the parameters of monitoring system,
such as coverage of the pollutant, observations density, and detection methodology.
This effect may be mediated or moderated by exogenous and/or endogenous factors,
which the presented models aim to capture and differentiate. One of the possible
general designs can include the pollutant safety variable to estimate its effect
independently of region-specific conditions, as well as the effect of its interaction
with the regional factors. Self-organization processes could then be captured by
comparably high statistical significance of both effect groups. While financial supply
of the monitoring system may include the nation-level or region-level budget
allocations, the considered issue of centralized financing justifies the inclusion of
nation-level budget allocations as an external environment factor of monitoring
functioning.

The model of logistic regression, treating pollutant coverage as a probabilistic
indicator, was chosen for testing. Coverage of a particular pollutant by a regional
monitoring program in a given year was chosen as the binary dependent variable. The
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safety of polluting substances was represented by their safety class according to
Ukrainian State Standard 12.1.007, the indicator ranging from 1 for the most harmful
substances to 4 for the least harmful. The treatments of the variable as a factor or as a
covariate, each requiring its own model specification, are essential for capturing the
mechanism of its impact. As a factor, it represents the spatially independent effect of
pollutant safety on monitoring system parameters. When included as a covariate, it
moderates the effect of region-specific factors. This framework thus contrasts the
modeling approaches treating the impact of a pollutant's class on monitoring coverage
as exogenous or endogenous.

Two logistic regression specifications with random effects were built with the
dependent binary response Observation variable. Both models included categorical
factors, Nation and Region, to capture the corresponding level effects, as well as the
monitoring agencies' central government budget figures, used to approximate the
financial supply of monitoring activities. The latter Budget variable was included as a
continuous covariate. In the first model, the exogenous impact of pollutants' safety
class was modeled by inclusion of categorical Class factor as a main effect. In the
second model, the endogenous impact was modeled by inclusion of ordinal Class
covariate, and the Region-Class interaction effect was estimated.

The data set consisted of regional environmental monitoring metadata compiled
from the 2008-2012 monitoring programs for two regions of Ukraine, namely
Lvivska [7] and Zakarpatska [8] regions, as well as two voivodships of Republic of
Poland, namely Podkarpackie and Malopolskie voivodships [9]. The polluting
substances included the following six air pollutants: carbon oxide (4), formaldehyde
(2), ammonia (4), phenol (2), chlorine (2), lead (1); as well as two ground pollutants:
cadmium (1), oil products (4). The values in brackets show the pollutants' safety
class. The central government budget figures for the actual monitoring agencies, the
Ukrainian State Sanitary Control budgetary program (the program expenditure code
2301250) and the Polish Chief Inspectorate of Environmental Protection (expenditure
partition 90014), were obtained from the respective legislative sources [10] [11]. The
central budget allocation figures for Poland were extracted on voivodship levels,
while for Ukraine the general allocation figures were included. While these
heterogeneities in the data disallow direct comparisons of the budget main effects, the
estimated interaction effects still remain informative. All figures were converted to
UAH thousands using the average 2008-2012 PLN/UAH exchange rate.

The generalized linear model estimation method was used for actual
calculations, performed using SPSS 16.0 software. The selected estimation results,
adapted from the software output, are provided below in Table 1. The table shows
size and significance of variable effects for both models, as well as some parameter
estimates for the second model.
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Table 1
Estimation of logistic regression models with random effects
Wald Chi-Square df Sig.
Class 16.104 2 .000
Nation * Budget 10.325 2 .006
Region * Nation * Budget 1.443 1 230

Dependent Variable: Observation
Model: (Intercept), Class, Nation * Budget, Region * Nation * Budget

Wald Chi-Square df Sig.

Region * Class 17.870 4 .001
Nation * Budget 5.947 2 051
Region * Nation * Budget 7.819 2 .020

Dependent Variable: Observation
Model: (Intercept), Region*Class, Nation*Budget, Region*Nation*Budget

Parameter B Std. Error Wald x* df Sig.
[Reg=Lviv] * Class 1.356 4859 7.788 1 .005
[Reg=Malopol] * Class -.559 2991 3.493 1 .062
[Reg=Podkarp] * Class -.708 2964 5.705 1 017
[Reg=L]*[Nat=UA]*Budg -2.933E-6 1.1001E-6 7.107 1 .008

Source: adapted from SPSS 16.0 output

We find that, for both specifications, the model effects are generally significant
with p<0.001. In the first model, no significant region-level effects remain after
controlling for the exogenous effect of pollutants' class and central government
budget allocation. The second model captures various within-region interaction
effects of pollutants' class upon their monitoring coverage, as well as national and
regional sensitivities towards central budgeting changes. The reverse sign of Region-
Nation-Budget interaction effect for Lviv region of Ukraine may seem unexpected;
however, this may be practically interpreted as a weaker impact of financial
allocation increase upon pollutants coverage compared to other regions. Similarly, the
reverse sign of Region-Class interaction effect, with a positive impact expected,
indicates that due to absence of direct need, some of the more harmful pollutants are
not being monitored in the region. This means that the region-level adaptation of the
monitoring system has a potentially negative impact, tending to ignore some of the
ecological and health exposures associated with lower event probabilities.

Conclusion and further research directions. The obtained results confirm that
the ability of regional environmental monitoring systems to adapt for changes in the
external environment, as well as potentially positive or negative environmental
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impact of such adaptation, are subject to cross-regional and cross-country statistical
estimation. The comparable statistical significance of model and variable effects for
both specifications shows a degree of equivalence of endogenous and exogenous
approaches to modeling of factors shaping the regional monitoring systems, which
may be interpreted as a result testifying for validity of the proposed institutional self-
organization concept. This implies practical significance of the developed framework
and suggests a number of policy implications.

The design of an open, in a financial and informational sense, regional
environmental monitoring system should possess the key capability of efficiently
mediating macro policy signals to economic subjects. In a fiscally decentralized
regional governance network, the informational function of central government
budget allocation becomes more prominent. With the regional environmental
governance systems in place possessing self-organization properties, the level of
central budget allocation signals the degree of acceptable regulation or deregulation
of nature use relations. The empirical validity of the latter statement, which may be
termed the environmental rights allocation hypothesis, requires comprehensive
testing in itself. However, it can be theoretically derived from various institutional
self-organization concepts. If true, the statement suggests a new perspective for
discussion of centralization and decentralization of environmental administration and
finance. Decentralization of financial sources signals for centralized environmental
deregulation and does not (as the above discussed results for Lviv region may
suggest) guarantee the ecological efficiency of the system. The centralized financing,
on the other hand, while implying the more effective regulation, increases the risk of
exogenous disruption of regional governance systems due to short-term budget
fluctuations. Similar considerations apply on cross-border, supranational or global
levels of environmental policy and administration.

The institutional self-organization effects estimated within a statistical
framework may therefore inform the cross-regional environmental governance in two
ways. First, an assessment of self-organization capability and impact can be used as
screening of the governance system to identify best practices and deficiencies in
regional monitoring systems for their audit and improvement. Second, a regular
assessment, within institutional monitoring and target-based programming
frameworks, may be used to establish the amounts and structure of environmental
administration co-financing from various centralized and decentralized sources,
which would facilitate management of the above mentioned perverse incentives and
budget shocks risks.

As one of the possible directions for further policy-oriented research, the
empirical investigation of institutional self-organization, and particularly within the
context of the above expressed environmental rights allocation hypothesis, may be
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emphasized. Elaboration and testing of this hypothesis would require application of
spatial econometric instruments, as well as explicit modeling of institutional
emergence.
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E®EKTH CAMOOPTAHI3AIIL Y CHCTEMAX PETTOHAJIBHOI'O EKOJIOTTYHOI'O
MOHITOPUHI'Y — OHIHKA TA BUCHOBKMU /1A YIIPABJIIHHA

Xoauko /Imutpo Iroposuu
KanHouoam eKoHOMIUHUX HAYK, 00UeHm Kagheopu ekonomiku YKpainu
JIvsiecokuil nauionanvnuit ynisepcumem im. 1. @panka, Yxpaina

3anpononosano espucmuuny KOHYenyilo IHCMUMYYIUHOI camoopeaHizayii y pe2ioHanbHux
cucmemax eKon02iuH020 MOHIMOPUH2Y. 3anponoHO8AHy KOHYEenyilo Nnpomecmo8aHo HA NPUKIAOi
pecionie 080x KpaiH. 3a 00noMo20to 102icmuyHoi peepecii 3 BUNA0OKO8UMU eqheKmamu 3M00ebOBAHO
CMamucmuyHuti 38 sI30K CAHIMAPHO-eKON02IUHO20 BNAUEY 3a0pPYOHI08AYI8 i3 IX GKIIOUEHHAM Y
WOPIUHI npoecpamu MOHIMOPUHRY, 3 YPAXYBAHHAM PO3NOOITY BIONOBIOHUX BUOAMKIE 3 0EPAHCABHO2O
o100xcemy. Oyinku ceiduams Npo HAABHICMb GIOMIHHOCMEU V 30AMHOCMI CAMOOP2AHI3VIOUUX
cucmem 00 egeKkmusHoi nepeoadi Ynpaeisaiouux CueHanié mMaxkpopisHs. llposedenns pe2ynapHnozo
OYIHIOBAHHS NOOIOHO20 MUNy 30amHe GUABUMU NonepeoHi Kpumepii 0 NPOEKMYB8aHHs Ma ayoOumy
epekmugHoCcmi  cucmem €KON02IYHO20 MOHIMOPUH2Y, a MAKoXdC Haoamu iHgopmayiro O
BU3HAYEHHS 00CA2I8 MA CMPYKMYPU CRIBQIHAHCYBAHHS eKON02TUHOI aOMIHIcCmpayii.

KurouoBi caoBa: incmumyyiiina camoopeawnizayis, eKoNO2iUHULL MOHIMOPUHE, eKON02iuHe
VNPABNIHHA, COYI0eKON02IUHI cucmemu, Qhickanrvha deyenmpanizayisa, Yxpaina, lonvua.

IOPEKTBI CAMOOPIAHUM3ALIMU B CUCTEMAX PETHOHAJIBHOI'O
IKOJOI'MYECKOI'O MOHUTOPUHI'A — OIIEHKA U BBIBOJbI J1JIsA YIIPABJIEHUSA

Xoabiko JImutpuii Uropesuy
KaHouoam IKOHOMUUECKUX HAYK, 00yeHm Kagheopvl IKOHOMUKU YKpPaAuHbl
JIve06ckuit nayuonanovhwliit ynusepcumem um. U. @panko, Yxpauna

IIpeonosxcena 26pucmuveckas KOHYenyusi UHCMUMYYUOHANbHOU — CAMOOP2AHUZAYUU 8
PECUOHANbHBIX — CUCMEMAX — 9KOLo2U4ecko2o  Mouumopuueda.  Ilpeonoowcennas — Komyenyus
npomecmuposana Ha npumepe pe2uoHos 08yx cmpan. C nomMowbto 102UCMUYECKOU pecpeccuu co
cyyauHbIMu - 9hhekmamu  cMOOENUPOBAHA  CMAMUCIMUYECKAs C6A3b  MeHCOy  CAHUMAPHO-
IKOJLOSUHECKUM BNIUSHUEM 3ACPA3HAIOUUX 8EUJeCME U UX BKIIOUEHUEM 6 eHCe200Hble NPOSPAMMbL
MOHUMOpUH2A, C Y4emoM pacnpeoenenus. COOMEemcmeyIouux pacxo0o8 20cy0apcmeeHHo20
o100xcema. OyeHKu Cc8UOEMENbCMBYIOM O PA3IUYUsAX 6 CHOCOOHOCMU CAMOOP2AHUZYIOUUXCS
cucmem K 9apgekmusnol nepedaie YRpasuAIOWUX —CUSHAN08 MAKpoypoeus. IIposedenue
Ppe2VIAPHO20 OYeHU8AHUS NOOOOHO20 MUNA CHOCODHO BblA8UMb NpedsapumenbHvle Kpumepuu Ois
NPOEKMUPOBAHUsL U AyOUma 3@ GekmueHocmu cucmem Ko102UHecKko20 MOHUMOPUHA, d MAK’ce
npedocmagums  uHgopmayuro 0 OnpeoelieHuss 00beMo8 U CMPYKmypbl COQUHAHCUPOBAHUS
IKONLOSUHECKOU AOMUHUCIPAYUU.

KiroueBble ca0Ba: uncmumyyuoHaibHAs CAMOOP2AHUZAYUSL, IKOLOSULECKUL MOHUMOPUHS,
9KOJI02UYeCKOe YNpasiieHue, COYUOIKONOSUYECKUe CUCTeMbl, (QUCKATbHASL OeyeHmpanu3ayus,
Yrkpauna, Ionvwa.



