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Abstract—The analysis is given of the present situation and current preparedness of available ap-
proaches to the implementation of the Roshydromet concept of the improvement of environmental pol-
lution monitoring system taking into account differences in goals and objectives that different components 
of this system should achieve at the federal, regional, and local levels. The structure and functional
scheme of the National environmental pollution monitoring system is discussed. The approximate
allocation of functions is put forward among the monitoring system components of different levels as
well as the distribution of responsibilities and powers among stakeholders to ensure the implementation of 
these functions. The key issues of establishing an integrated monitoring system are discussed. The
network-centric approach to the system management organization is proposed. Specific goals, objectives,
and strategies can be set for different components of this system which may differ in terms both of algo-
rithms and actual parameters. The development of the main technological components of the integrated
environmental monitoring system (monitoring networks and information systems) is considered. 
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IN TRO DUC TION

The right of any cit i zen to the fa vor able en vi ron ment is guar an teed by the Con sti tu tion of the Rus sian
Fed er a tion. At the in ter na tional level, the need in pre serv ing the en vi ron ment for the pres ent and fu ture
gen er a tions was pro claimed in the dec la ra tion of sus tain able de vel op ment of the hu man civ i li za tion “The
Fu ture We Want” ac cepted at the Rio+20 con fer ence in 2012 and in the Sus tain able De vel op ment Goals of -
fi cially known as “Trans forming Our World: The 2030 Agenda for Sus tain able De vel op ment” ac cepted by
the United Na tions Gen eral As sem bly in 2015.

As the scales of economic activity increase, the rising anthropogenic load leads to unfavorable environ-
mental changes accompanied by the depletion of mineral-raw, water, and biologic resources as well as by
the degradation of natural complexes. The global climate change aggravates the mentioned problems. The
need in reasoned decisions ensuring the balanced solution to socioeconomic problems and the preservation
of favorable environment, biologic diversity, and natural resources causes the need in extensive, timely,
and available information as well as in the estimates and forecasts of current and expected changes based on 
this information. Therefore, the problem of efficient informational support is becoming more and more
topical. This support is related to the minimization of possible damage for the population and economic
activity due to unfavorable environmental changes occurred under the influence of natural and anthropo-
genic factors.

 This prob lem is solved on the ba sis of en vi ron men tal pol lu tion mon i tor ing. To con trol eco nomic
activity, taking into account the char ac ter is tics of en vi ron men tal con di tions that de ter mine the trans port of
pol lut ants in the at mo sphere and hydrosphere as well as their mi gra tion in the soil, is ex tremely im por tant.
This fact was re al ized in the pe riod of the in ten sive in dus trial de vel op ment of so ci ety. In Rus sia the concept 
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and the term of “en vi ron men tal monitoring” meaning the ob ser va tion, anal y sis, and fore cast of anthropo-
genic pol lu tion was in tro duced by the ac a de mi cian Yu.A. Izrael [1].

At the same time, the prac ti cal need arose in the for ma tion of the sys tem of mon i tor ing, as sess ment, and
fore cast of en vi ron men tal changes oc curred un der the in flu ence of in creas ing anthropogenic load. The spe -
cific knowl edge, the ex pe ri ence in the de vel op ment and use of the sys tems of hydro meteoro logi cal ob ser -
va tions and in for ma tion-measuring tech nol o gies, which were avail able in the Hydro meteoro logi cal Ser vice 
of the USSR, formed the base for the es tab lish ment of the Na tional Ser vice for Pol lu tion Mon i toring and
Con trol (NSPMC) in 1970–1980s.

In the fol low ing years, some fed eral laws and de crees by the Gov ern ment of the Rus sian Fed er a tion
[2–4, 7–9] required the oblig a tory con sid er ation of cli ma tic and hydro meteoro logi cal pa ram e ters for the
sub stan ti a tion and im ple men ta tion of any pol lu tion-related eco nomic ac tiv ity; the com pu ta tion of po ten tial
pol lu tion lev els based on these data (and, pro ceed ing from back ground and max i mum per mis si ble con cen -
tra tions of pol lut ants, the determination was required of stan dards for the per mis si ble emis sions and dis -
charges) was also re quired. 

Ac cord ing to the above reg u la tory frame work, the state au thor i ties of the Rus sian Fed er a tion are cur -
rently work ing on the im ple men ta tion of the na tional en vi ron men tal mon i tor ing by cre at ing and de vel op ing 
mon i tor ing sys tems as well as pro vid ing their op er a tion based on a wide range of ob ser va tion net works and
in for ma tion re sources in clud ing the State Da ta base of Na tional En vi ron men tal Mon i toring (SDNEM).

The na tional mon i tor ing of en vi ron men tal pol lu tion is one of the most im por tant com po nents of the na -
tional en vi ron men tal mon i tor ing. It aims to pro vide ac tual data on cur rent en vi ron men tal con di tions and on
the level of pol lu tion of the at mo sphere, soil, sur face wa ters of wa ter bod ies (in clud ing hydrobiological pa -
ram e ters), ozone layer, ion o sphere, and near-Earth space as well as the re sults of es ti ma tion and fore cast ing 
of their vari a tions un der the in flu ence of nat u ral and anthropogenic fac tors. The mon i tor ing should ba si -
cally be im ple mented in the frame work of the na tional ob ser va tion sys tem of en vi ron men tal con di tions
(here in af ter, NOS). The NOS in for ma tion should be pre sented to the pop u la tion, state au thor i ties of all lev -
els, and or ga ni za tions and should be stored in the Roshydromet Unified State Da ta base and SDNEM. 

As a re sult, the reg u la tory frame work was cre ated for the op er a tion of the in te grated en vi ron men tal
mon i tor ing sys tem. The ma jor prac ti cal task is to widen the mon i tor ing data use in the na tional sys tem of
as sess ment and con trol of en vi ron men tal qual ity; it in cludes the op er a tional in form ing of pop u la tion about
en vi ron men tal qual ity, es pe cially in case of the risk of high pol lu tion lev els, and the as sess ment of ef fi -
ciency of pol lu tion con trol mea sures. 

The pres ent pa per pro vides the anal y sis of cur rent pre pared ness of avail able ap proaches to the impro-
vement of the na tional en vi ron men tal mon i tor ing sys tem de vel oped by Roshydromet tak ing into ac count
differences in goals and ob jec tives that different sys tem com po nents achieve at the fed eral, re gional, and
lo cal lev els. The po ten tial of nu mer i cal mod els in sim u lat ing the pol lu tion trans port in dif fer ent en vi ron -
ments is as sessed as well as the pos si bil ity of ob tain ing the max i mum re li able es ti mates of the pol lu tion
level based on the as sim i la tion of the data of in stru men tal ob ser va tions us ing these mod els. Spe cial at ten -
tion is given to the is sues con cern ing the con struc tion of the uni fied in te grated en vi ron men tal mon i tor ing
sys tem based on the net work-centric ap proach [10].

COM PO SI TION AND FUNC TIONS OF THE NA TIONAL SYS TEM
OF EN VI RON MEN TAL CON DI TIONS OB SER VA TION

 In ac cor dance with the fed eral law [7], the na tional en vi ron men tal pol lu tion mon i tor ing is car ried out
by the au tho rized or ga ni za tions (mon i tor ing stake holders) by cre at ing and en sur ing the op er a tion of ob ser -
va tion net works and in for ma tion re sources as NOS sub sys tems. NOS in cludes (Fig. 1) the state ob ser va tion 
net work of the fed eral level whose op er a tion is pro vided by Roshydromet as well as re gional sys tems for
ob ser va tion of en vi ron men tal con di tions whose for ma tion and op er a tion are pro vided by the ex ec u tive au -
thor i ties of the sub jects of the Rus sian Fed er a tion. All NOS sub sys tems should be con nected func tion ally in 
the frame work of the uni fied in for ma tion sys tem to al low data ex change be tween the sub sys tems, po ten -
tially in the au to matic real-time mode. 

When form ing NOS, the sta tions and sys tems of en vi ron men tal ob ser va tions are taken into ac count in
the ar eas where such ob jects are lo cated that neg a tively af fect the en vi ron ment and whose own ers pro vide
the mon i tor ing of en vi ron men tal pol lu tion in the zone of their im pact (here in af ter, lo cal ob ser va tion sys -
tems) ac cord ing to the fed eral laws. The in for ma tional in ter ac tion and the data ex changes with them should
also be es tab lished.
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If fed eral ex ec u tive au thor i ties (min is tries and de part ments) con duct the ob ser va tions of en vi ron men tal
pol lu tion, the in for ma tional in ter ac tion should be es tab lished with their ob ser va tion sub sys tems. The reg u -
la tions of such in ter ac tion are stip u lated in the frame work of sep a rate agree ments. The list of fed eral ex ec u -
tive au thor i ties and or ga ni za tions es tab lished by the Gov ern ment of the Rus sian Fed er a tion for pro vid ing
the na tional mon i tor ing of en vi ron men tal pol lu tion is pre sented in [7].

The mon i tor ing stake holders can also take part in pro vid ing the op er a tion of spe cial ized mon i tor ing sub -
sys tems within NOS. Ac cord ing to [3], Roshydromet must pro vide the op er a tion of spe cial ized NOS sub -
sys tems im ple ment ing the na tional mon i tor ing of the at mo sphere, in land sea wa ters and ter ri to rial wa ters of 
the Rus sian Fed er a tion, ex clu sive eco nomic zone, con ti nen tal shelf, and the unique eco sys tem of Lake
Baikal. In ad di tion to that and in ac cor dance to [2], the Unified Na tional Au to mated Sys tem of Ra di a tion
Mon i toring (UNASRM) may be con sid ered as a spe cial ized NOS sub sys tem.

It is noted in [7] that the powers of Roshydromet, other federal state authorities, and the executive au-
thorities of the Russian Federation subjects are realized in accordance with their competence. However, the
allocation of functions among the monitoring system components of different levels as well as the distribution 
of responsibilities and powers of stakeholders to ensure their implementation have not been established  yet.

Ac cord ing to [7], Roshydromet co or di nates the agreed op er a tion of the men tioned ob ser va tion sys tems
in or der to pro vide the nec es sary com plete ness and re li abil ity of en vi ron men tal data as well as to obey the
clauses on the uni for mity of mea sure ments and on the com pa ra bil ity of the data ob tained on the whole ter ri -
tory of the coun try. 

These pow ers im ple mented in the frame work of the Roshydromet na tional ob ser va tion net work can be
for mu lated in the ex panded form as fol lows:

—the ac qui si tion of ob jec tive, re li able, and com pa ra ble in for ma tion from the whole ter ri tory of the Rus -
sian Fed er a tion;

—the or ga ni za tion of the co or di nated op er a tion of the na tional ob ser va tion net work, re gional en vi ron -
men tal ob ser va tion sys tems, and lo cal ob ser va tion sys tems to pro vide the de sired com plete ness and re li -
abil ity of en vi ron men tal data, the com pa ra bil ity of these data through out the coun try, and the op ti mi za tion
of us ing the ground-based, avi a tion, and space re mote ob ser va tion sys tems;  

—sci en tific and tech ni cal sup port of re gional and lo cal mon i tor ing sys tems;

—long-term ob ser va tions of vari a tions in the global and re gional back ground lev els;

—de vel op ment of mod els for as sess ing and fore cast ing en vi ron men tal con di tions and the as sess ment of
their ap pli ca bil ity;
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Fig. 1. The functional scheme of the national environmental pollution monitoring. (I) Monitoring of the unique ecosystem of
Lake Baikal; (II) Air monitoring; (III) Monitoring of exclusive economic zone; (IV) UNASRM; (V) Monitoring of inland sea 
waters and territorial waters. (1) Information coupling with NOS. (2) Information interaction with NOS.



—per for mance of in ter na tional trea ties and the or ga ni za tion of co or di nated op er a tion of the na tional
mon i tor ing sys tem with sim i lar in ter na tional sys tems. 

Re gional sys tems in ter act with the Roshydromet na tional ob ser va tion net work and, in ac cor dance to the
reg u la tions, gen er al ize the en vi ron men tal pol lu tion data ob tained from the cer tain ter ri tory and trans mit
them to SDNEM.

The func tion of lo cal ob ser va tion sys tems is the con trol of the nor mal ized pa ram e ters of neg a tive ef -
fects. These sys tems also pro vide that the ac tiv ity of tech ni cal and eco nomic ob jects is con sis tent to the re -
quire ments of en vi ron men tal per mits. The con clu sion that an ob ject keeps the pre scribed stan dards of emis -
sions and dis charges of pol lut ants is made on the base of the in for ma tion ob tained. 

Data from lo cal sys tems are ac quired and an a lyzed by re gional sys tems and, to gether with the data of re -
gional and fed eral mon i tor ing sys tems, are used both for com pil ing the eco log i cal pass ports of ter ri to ries
and for solv ing the prob lems re lated to the op er a tional re sponse to sig nif i cant changes in en vi ron men tal
con di tions and pol lu tion. The main func tions of re gional mon i tor ing sys tems are the re cep tion and anal y sis
of in for ma tion on the ter ri tory of the Rus sian Fed er a tion sub ject and the main te nance of the eco log i cal
pass port of a ter ri tory; the rev e la tion and es ti ma tion of con tri bu tion of pol lu tion sources in the frame work
of the state en vi ron men tal con trol; the as sess ment of ef fi ciency of en vi ron men tal mea sures; the eco log i cal
sup port of so cio eco nomic de vel op ment of ter ri to ries and in form ing the pop u la tion. 

Cur rently, the en vi ron men tal qual ity man age ment sys tem is im ple mented in the Rus sian Fed er a tion
sub jects for air and wa ter bod ies. In the ma jor ity of cases the qual ity man age ment is im ple mented at the en -
ter prise level and in cludes the nor mal iz ing of emis sions (dis charges) of pol lut ants to the at mo sphere (wa ter
bod ies) and es tab lish ing the stan dards of the max i mum per mis si ble emis sion (dis charge). Sum mary cal cu -
la tions of joint in flu ence of the set of in dus trial sources on the air are pro vided in sev eral big cit ies only.
The in flu ence of mo bile sources of air pol lu tion and the pos si ble in flu ence of sev eral sources on a water
body pol lu tion are not taken into con sid er ation.

Such practice has developed, in particular, due to the absence of efficient information exchange between 
different levels of NOS. For example, information about the regional background levels and the data of the
pollutant transport simulation in the environment are needed to assess the impact of industrial objects. In
turn, to fulfill the regional-level functions, data are needed on the pollution sources and their influence on
the environment on the territory of the Russian Federation subject and on the regional background; also, the 
results of the modeling of transport and transformation of pollutants are required. 

How ever, the in te gra tion of data is con sid er ably com pli cated be cause each mon i tor ing sub sys tem has its 
spe cific reg u la tory and me thod i cal frame work and its spe cific fea tures of or ga ni za tion of ob ser va tion pro -
grams, the use of ob ser va tion in stru ments and meth ods, and meth ods of in te gra tion and com pre hen sive
anal y sis of ob ser va tional data. The prob lem is ag gra vated by the in suf fi cient de vel op ment of mod ern hi er -
ar chi cal sys tems of data pro cess ing, stor age, and pre sen ta tion in the area of en vi ron men tal mon i tor ing and
con trol. As a re sult, in many cases the data of the state en vi ron men tal mon i tor ing do not al low iden ti fy ing
the source of ex ces sive pol lu tion and pro vid ing the valid quot ing of emis sions or dis charges. 

To en sure the nec es sary com plete ness and re li abil ity of en vi ron men tal data and their com pa ra bil ity on
the whole coun try ter ri tory, the co or di nated op er a tion of the above ob ser va tion sys tems should be or ga -
nized. This may be done by the joint anal y sis and pro cess ing of all data re ceived from the Roshydromet na -
tional ob ser va tion net work and re gional and lo cal mon i tor ing sys tems, sat el lite data, out puts of nu mer i cal
mod els, and other avail able data on a uni form tech no log i cal ba sis. This means that the ef forts should be fo -
cused on the de vel op ment of the in te grated system of national en vi ron men tal monitoring.

KEY IS SUES OF THE DE VEL OP MENT
OF THE IN TE GRATED EN VI RON MEN TAL MON I TORING SYS TEM

The use of environmental monitoring data as a practical tool of the state environmental policy requires the
improvement of the legislative framework, the scientific-methodical base development, and the creation of
high-quality observation networks.

One of the instruments for the implementation of the state environmental policy is the control of target
indicators of environmental quality. In the Russian Federation the major indicator is the maximum permis-
sible concentration (MPC). However, the current practice of using MPC as a target indicator is incorrect
when the systematic multiple exceeding of MPC for a number of environmental pollutants is observed on
the country territory. The fact of the chronic multiple exceeding of MPC indicates that this parameter has
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not become a real ground for setting the management task of environmental quality improvement on the
specific territory. 

The management task can be set if a clearly measurable and achievable target indicator is defined for it,
and the terms of the widespread achievement of this target indicator on the territory under control are
specified. Moreover, the application of MPC is not constructive in long-term prospective as this indicator is 
mostly considered as a hygienic parameter, and its quantitative values are defined by health authorities and
can vary depending on the current opinion what damage one or another chemical causes to the human health.

Some crit i cal val ues of pol lut ant con cen tra tion es tab lished tak ing into ac count a set of fac tors could be
used as tar get in di ca tors in stead of MPC. These fac tors in clude the ac tual lev els of en vi ron men tal ob ject
pol lu tion, the pres ence of tech ni cal, eco nomic, and fi nan cial op por tu ni ties for tak ing mea sures on the re -
duc tion of anthropogenic load, the ac cept abil ity of es tab lished quan ti ta tive tar get in di ca tors for busi ness
and so ci ety, and, fi nally, the fea si bil ity to reach the pre scribed tar get in di ca tor by the given mo ment of
time. This cer tainly com pli cates the prob lem of the state con trol of en vi ron men tal qual ity, but, at the same
time, is a pow er ful stim u lus for the de vel op ment of in te grated en vi ron men tal mon i tor ing sys tems.

The ex ist ing pro grams of en vi ron men tal ob ser va tions are formed tak ing into ac count the es tab lished
stan dards for MPC of pol lut ants. At pres ent in our coun try the list of MPC stan dards in cludes more than
600 pollutants. This list does not stress the na tional priorities as it is done, for ex am ple, in the EU coun tries. 
As a re sult, due to the lim it ed ness of the in stru men tal mon i tor ing po ten tial, rou tine ob ser va tions may cover
only a small part of pol lut ants from the list of MPC stan dards. There fore, it is rea son able to in ves ti gate the
is sue of the reg u la tory lim i ta tion of the list of pol lut ants which are rou tinely mon i tored in the na tional ob -
ser va tion sys tem. The fed eral list should be lim ited by the most wide spread pol lut ants, and re gional lists
may be es tab lished for each sep a rate re gion de pend ing on its spe cific fea tures. 

Taking into ac count the huge size of our coun try, it is eco nom i cally un rea son able to try to cover its ter ri -
tory with in stru men tal ob ser va tions with the suf fi cient spa tial res o lu tion. There fore, to as sess en vi ron men -
tal con di tions, to sub stan ti ate eco nomic fea si bil ity, and to es tab lish tar get in di ca tors of the en vi ron men tal
pol lu tion level tak ing into ac count the con crete fea tures of ter ri to ries, there is an ur gent need in de vel op ing
com puter tech nol o gies for the anal y sis of ob ser va tional data jointly with the re sults of sim u la tions of pol -
lut ant trans port mod els which take into con sid er ation data on emis sions and dis charges. 

To progress in this direction, the legalization is needed of the methods of summary calculations of the
impact that enterprises and mobile sources of pollution make on the environment. These calculations should
be done at the regional level taking into account data of background monitoring and data on the volumes of
emissions and discharges. The development of high-quality local observation systems by the owners of
enterprises could form the required information base for making management decisions at the regional
level and could significantly reduce the state costs of the development of the environmental monitoring
system. The content and volume of observation programs of local systems should depend on the category
of the objects exerting negative impact on the environment and should be coordinated with the allowances
for emission, discharge, and waste disposal. 

Con cern ing the prob lems of the de vel op ment of high-efficiency ob ser va tion net works, it should be
noted that al most no rou tine ob ser va tions are con ducted in the Rus sian Fed er a tion for some pol lut ants be -
long ing to the pri or ity in di ca tors of en vi ron men tal qual ity: sur face ozone, par tic u late mat ter (PM10 and
PM2.5), and per sis tent or ganic pol lut ants (di ox ins and fu rans) which, ac cord ing to the lat est state ments of
the World Health Or ga ni za tion, ex ert the most dan ger ous in flu ence on the hu man health. 

In the current observation programs, there are many shortcomings in the sampling because the operating 
systems of air monitoring were created to reveal long-term trends in pollution but not high peak values. 

The com par i son of mon i tor ing re sults based on dis crete ob ser va tions with the data of con tin u ous mon i -
tor ing cor rob o rates the vari able na ture of pol lu tion ep i sodes which can not be de tected suc cess fully from
dis crete sam pling data. The fre quency of mea sure ments of three or four times a day is in suf fi cient in the ev -
ery day air qual ity con trol, es pe cially dur ing the pe ri ods of ad verse me te o ro log i cal con di tions.

SOME AP PROACHES TO THE OR GA NI ZA TION OF THE IN TE GRATED
EN VI RON MEN TAL MON I TORING SYS TEM OP ER A TION

The present paper considers the environmental pollution monitoring as a counteraction to the anthro-
pogenic load on the environment carried out by monitoring stakeholders and by different means that are
organized on the regional base and according to the type of actions taken. The grouping of means on the
regional base implies that the means intended for the implementation of protective actions in the limits of
the respective region are united into the single set. The grouping of means based on the type of actions
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taken (special monitoring) presupposes that sets for taking certain protective measures are created both at
the federal and regional levels. 

From the tech no log i cal point of view, the in te grated en vi ron men tal mon i tor ing sys tem is con sid ered as
“the sys tem of sys tems” whose com po nents con sist of pres ent and fu ture mon i tor ing sys tems of dif fer ent
lev els used for dif fer ent pur poses which pro vide the re cep tion of ini tial data, their ac qui si tion, pro cess ing
and mod el ing, and the out put of in for ma tion prod ucts. The ob ser va tion net works keep their func tions and
de part men tal af fil i a tion.     

In the frame work of such con cept, it is rea son able to use the net work-centric meth ods of man age ment
for con struct ing the in te grated mon i tor ing sys tem. The net work-centric fea tures of mon i tor ing or ga ni za tion 
are ex pressed in the fact that each com po nent of “the sys tem of sys tems” (a mon i tor ing stake holder) may
have its spe cific ob jec tives, tasks, and strat e gies which may dif fer both in terms of al go rithms and ac tual
tech no log i cal so lu tions [10]. To en sure their op er a tion, the man-machine ob ject which could con trol this
pro cess is cre ated in each com po nent. Let us call such ob ject “an agent” and con sider it as a single unit not
dis crim i nat ing be tween the func tions per formed by the man (or group) and com puter (or sub sys tem of in -
for ma tion-measuring tools).

To im ple ment its func tions, the agent should have at least the fol low ing ca pa bil i ties: to have the clearly
for mu lated goal of op er a tion; to op er ate in ac cor dance with the rules and al go rithms set in the pro cess of its
con struc tion; to have the da ta base con tain ing needed in for ma tion; to be able to use the con cern ing mon i tor -
ing re sults and to re spond to them; to take ini tia tive; to send and re ceive mes sages from other agents and to
in ter act with them.

In es sence, the agent is a sub sys tem that makes or sup ports de ci sions. Such sub sys tems are united into
the sin gle “sys tem of systems.” On the one hand, each agent op er ates rather au ton o mously, i.e., it de fines the
type of the im pact by it self; on the other hand, it is a com po nent of the hi er ar chic man age ment sys tem and,
in view of this, the ac tions of agents should be syn chro nized in time and agreed fol low ing the im pact type.

The Roshydromet state ob ser va tion net work is of pri mary im por tance in the in te grated sys tem. It is re -
spon si ble for the early de tec tion of un fa vor able changes in abiotic fac tors of the en vi ron ment (air, sur face
in land wa ter, soil, ma rine en vi ron ment) be fore they lead to the eco nomic dam age and eco sys tem destabili-
zation and cause dam age to the pop u la tion health as a re sult of en vi ron men tal pol lu tion caused by
anthropogenic activities. The Roshydromet mon i tor ing sys tem is de clared a fun da men tal (base) part of the in -
te grated system which de fines the di rec tions of the de vel op ment of soft ware, in for ma tion, and tech ni cal
tools. 

Com mon tech no log i cal el e ments of ob ser va tion sys tems of all stake holders of the en vi ron men tal pol lu -
tion mon i tor ing are ob ser va tion net works and the sys tems of data ac qui si tion, pro cess ing, and pre sen ta tion.

Ob ser va tion net works pro vide the re cep tion of ac tual data on the con trolled pa ram e ters pro ceed ing from 
the scales (global, re gional, ter ri to rial, or lo cal) and dy nam ics of pos si ble changes (for ex am ple, the dis -
crete ness of mea sure ments).

The pri or ity di rec tion of the de vel op ment of ob ser va tion net works is the de vel op ment and im ple men ta -
tion of meth ods and tools of au to matic ob ser va tions of en vi ron men tal pol lu tion both at the sta tion ary and
mo bile base. 

The ex pe ri ence of Roshydromet in us ing mo bile au to matic ob ser va tion sys tems is of in ter est. In 2015,
the trial op er a tion of the mo bile au to matic sta tion of wa ter pol lu tion con trol was car ried out. Its re sults re -
vealed that  mo bile sta tions can be used suc cess fully as a move able lower mea sur ing link of au to matic sys -
tems for the short-term (from 1 week to 2–3 months) mon i tor ing of sur face wa ter qual ity. The trial op er a -
tion re vealed the un au tho rized sew age dis charges fall ing on week ends and the vol ley of sew age lead ing to
the con sid er able wa ter level rise in a river and to vari a tions in its qual i ta tive com po si tion [6].

An other es sen tial im prove ment of ob ser va tion net work op er a tion ef fi ciency is the de vel op ment of re -
mote sens ing meth ods. The re mote sens ing data sup ple ment ing the data of in stru men tal ob ser va tions col -
lected us ing the sur face mon i tor ing may be of great im por tance for as sess ing and fore cast ing the spa tial
scales of pol lu tion. At the fed eral level the mod el ing tools should be de vel oped which al low ex trap o lat ing
the mon i tor ing data to the ar eas where ob ser va tional data are ab sent (in or der to cover the whole ter ri tory). 

The ob ser va tion net work of the in te grated mon i tor ing sys tem should be rather flex i ble to re spond to
new pri or i ties and should be able to pres ent the needed in for ma tion for an swer ing the most im por tant ques -
tions about the dy nam ics and rea sons for vari a tions in en vi ron men tal pol lu tion. The flex i bil ity of the sys -
tem should be man i fested rel a tive to the mea sured en vi ron men tal pa ram e ters (new sub stances and new re -
quire ments), measurement con di tions (other nat u ral en vi ron ments), and new tasks.
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An ex am ple of the emer gence of new tasks is Roshydromet works on the mon i tor ing of the Baikal nat u -
ral ter ri tory (here in af ter, BNT). The sur vey of BNT [5] re vealed that sam ples con tained the sig nif i cant
num ber of per sis tent or ganic pol lut ants (POP) which were not pro duced and used on the ter ri tory of the
Rus sian Fed er a tion or USSR (oxychlordane, mirex, and trans-nonachlor pes ti cides). De spite the ab sence of 
any ev i dence on the use of toxaphene-type pes ti cides (polychloropinene and polychlorocamphene) on BNT 
or in the neigh bor ing ar eas, the com pounds of this group of POP in cluded to the Stock holm Con ven tion list
were de tected in all BNT eco sys tems. The con cen tra tion of this tox i cant in the or gan isms of some fish spe -
cies ex ceeds the con cen tra tion of me tab o lites of such well-known pes ti cide as DDT. 

The mon i tor ing of BNT re vealed that the sur face and deep wa ters of Lake Baikal are sig nif i cantly pol -
luted with PCB con ge ners and the con cen tra tion of these groups of toxi cants is not reduced; moreover, it
exceeds the lev els reg is tered by the re search ers in the late 20th cen tury. 

The ob tained data re quire the re vi sion of the cur rent pro grams of Lake Baikal mon i tor ing. 

The op er a tion of the in te grated mon i tor ing sys tem re quires the prep a ra tion and im ple men ta tion of tech -
ni cal reg u la tions for the or ga ni za tion of re gional and lo cal ob ser va tion sys tems and me thod i cal doc u ments
in clud ing the re quire ments to the or der of con duc tion of ob ser va tions (typ i cal or ders) at the re gional and lo -
cal lev els and to the use of meth ods and in stru ments of ob ser va tions. The tech ni cal reg u la tions for the or ga -
ni za tion of ob ser va tions should in clude the or ders of in ter ac tion be tween the ob ser va tion sys tems of dif fer -
ent lev els and the reg u la tions and forms (pro to cols) of data pre sen ta tion and dis sem i na tion. 

The systems of data acquisition, processing, and presentation are intended to ensure the required
completeness and reliability of data on environmental pollution levels and their comparability on the
entire territory of the country. This problem can be solved only in the presence of necessary organizational
fundamentals and procedures of data integration including the creation of the universal standard of data
description (metadata), the control of reception and quality of data, and the development of data assimila-
tion methods using the numerical models of the environment. The development of regional information
systems based on the local systems requires the development of methods of integration of observational
data with the emission and discharge inventories using the pollutant transport models. 

If the op er a tional data on air pol lu tion, me te o ro log i cal data, and the data on the pa ram e ters of emis sions
of en ter prises on the given mu nic i pal ter ri tory are avail able in the in for ma tion sys tem, the pol lut ant trans port

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 42   No. 5   2017 

PROB LEMS OF DE VEL OP MENT OF THE IN TE GRATED EN VI RON MEN TAL MON I TORING 281

Fig. 2. An ex am ple of pre sen ta tion of the data of com pu ta tion of in te gral con cen tra tion of pol lut ants from sev eral sources in
the ur ban mu nic i pal unit. 



mod els can be used to pre pare the maps of pol lu tion lev els spec i fy ing the ar eas where the MPC of pol lut -
ants for liv ing ar eas is ex ceeded that in di cates the need in measures on emis sion re duc tion (Fig. 2).

The pre sented ex am ple proves that the sim u la tions by the nu mer i cal model of pol lut ant trans port in the
at mo sphere can be used in the real time. These sim u la tions take into ac count data on the emis sion pa ram e -
ters of the main sources of pol lu tion for the whole mu nic i pal ter ri tory and are used for the op er a tional con -
trol of emis sion re duc tion dur ing the pe riod of ad verse me te o ro log i cal con di tions or for mak ing a de ci sion
on the place ment of a new in dus trial ob ject. 

At the regional scale the environmental pollution monitoring system can be used for assessing and
forecasting air pollution in the areas of big industrial agglomerations (Fig. 3).

The ob ser va tions in the frame work of the BNT mon i tor ing sys tem are car ried out in the con tin u ous
mode us ing au to matic stations. This allows the real-time mon i tor ing of pol lut ant con cen tra tion in the air in
the ar eas of lo ca tion of sta tions and the as sess ment of pa ram e ters of emis sion sources (in dus trial en ter -
prises) which make the ba sic con tri bu tion to air pol lu tion in the re gion un der con trol. The con cen tra tions of 
pol lut ants are com puted for all ter ri to ries of the re gion un der con trol in clud ing the ar eas where the in stru -
men tal ob ser va tions of air pol lu tion are not car ried out. The com pu ta tions are based on op er a tional data on
the pa ram e ters of pol lu tion sources, on me te o ro log i cal data on the at mo spheric sur face layer con di tions,
and on the com puter mod els of pol lut ant trans port in the at mo sphere. In case of weather changes in the re -
gion, the fore cast of pos si ble con cen tra tion of pol lut ants in the air is also computed with mod els if the vol -
umes of pol lut ant emis sion from the main sources are known. 

CON CLU SIONS

It is demonstrated in “The Concept of Improvement of Environmental Pollution Monitoring System
Taking into Account the Concretization of Tasks of Federal, Regional, and Local Levels for 2016–2025”
prepared by Roshydromet that the preparation and implementation of the integrated monitoring strategy is
one of the priority directions which creates conditions for the coordination of activities in the framework of
different specialized networks and monitoring systems and more efficiently implements the state environ-
mental policy based on the objective data. 

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 42   No. 5   2017

282 FROLOV, SHERSHAKOV

Fig. 3. The nu mer i cal fore cast of en vi ron men tal pol lu tion (an ex am ple of sim u la tion of SO2 trans port from a num ber of en ter -
prises in Irkutsk, Angarsk, and Shelekhov on June 15–16, 2015; the sim u la tion is pro vided by Roshydromet’s Taifun
Research and Production Association). 



The nec es sary con di tion for the im ple men ta tion of the pro posed con cept is the or ga ni za tion of the na -
tional en vi ron men tal mon i tor ing sys tem based on in te grated ob ser va tions. The op er a tion of the sys tem
should be im ple mented us ing the mod ern ap proaches some of which are pro vided in the pres ent pa per. The
step wise de vel op ment of the in te grated mon i tor ing sys tem should be im ple mented by the pri mary mod ern -
iza tion and de vel op ment of re gional and lo cal ob ser va tion sys tems in the re gions with the most un fa vor able 
en vi ron men tal con di tions or on the ter ri to ries which re quire the pres er va tion of their nat u ral unique ness. 
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