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PREFACE

In conjunction with the XXIII International Geographical Congress held in the
Soviet Union during July and August 1976, a special symposium (K-29) was con-
ducted in Leningrad between 22 and 26 July 1976 entitled Geography of Polar
Countries. The sympaosium was organized by A.F. Treshnikov of the Arctic and
Antarctic Research Institute (AARI) and hosted by AARI and the Soviet Geo-
graphical Society. The Symposium was divided into three sessions:

I Polar Environment, Natural Resources, and their Exploration and
Exploitation
I Past, Present and Future Economic Developments in the Polar Regions
111 Polar Environment Protection

Extended summaries of the 83 papers listed in Appendix A were published in sep-
arate English and Russian language volumes, edited by A.F. Treshnikov (Chief
Editor), V.M. Kamenev, Ye.S. Korotkevich, A. Ya. Minevich and .M. Simonov.

The papers in Session III on polar environment protection are particularly rele-
vant to our growing concern over environmental protection in polar regions. In
the U.S., Public Law 94-282 states that “Congress finds and declares that science
and technology should contribute to the following priority goals without being
limited thereto: ...(7) providing for the protection of the oceans and coastal zones,
and the polar regions, and the efficient utilization of their resources.” In 1974 the
U.S. and U.S.S.R. entered into an environmental protection agreement. One sub-
project under this agreement is the “Protection of Northern Ecosystems” which is
co-chaired by the Soviet Ministry of Agriculture and the U.S. Department of Inter-
jor. In conjunction with the 1976 protocol the U.S. encouraged participation in
this special Leningrad symposium. Dr. J. Brown (U.S.) and Dr. S. Uspenski
(U.S.S.R.), both members of the work group on the Protection of Northern Eco-
systems, co-chaired Symposium Section III

The following report contains the full texts or extended summaries of a number
of the U.S. papers and a Russian summary of each. In addition, we have taken the
liberty of reproducing, in English and Russian, the summaries of a number of Soviet
contributions which we consider particularly relevant to the question of environ-
mental protection in permafrost regions. The main purpose in preparing this re-
port is to make available to a wide audience the materials presented by the U.S.
participants and our Soviet colleagues.

Attendance at the symposium was enhanced by the U.S.-U.S.S.R. Environmental
Agreement since several U.S. participants were enroute. In addition, the National
Science Foundation provided travel assistance to several of the U.S. participants.
The U.S. participants express their appreciation to the Soviet organizers of this
symposium for the possibility to exchange ideas on the important subject of
environmental protection in polar regions.

The material presented in these papers does not represent the opinions of USA
CRREL.

JERRY BROWN
Research Soil Scientist
USACRREL

Hanover, N.H.

iv

T e




P

.

CONTENTS*

Preface

Planning to mitigate environmental impact, Curtis V. McVee

Resource development and related environmental concems in arctic
Alaska — impact on natives, David M. Hickok

Resource development and related environmental problems in arctic
Alaska — impact on fish and wildlife, David R. Klein and
James E. Hemming

Computer modeling of terrain modifications in the arctic and subarctic,
Samuel I. Outcalt and Jerry Brown

Resource development and related environmental problems in arctic
Alaska — Highway Planning and Problems, Walter B. Parker

Resource development and related environmental problems in arctic
Alaska: Impacts of large scale pipeline construction,
C.A. Champion and R.W. Huck

Resource development and related environmental problems in arctic
Alaska: Impact on permafrost, M.C. Brewer

Protection of natural complexes of the arctic and sub-arctic,
S.M. Uspensky, N.V. Vekhov, A.N. Kuliyev and V.A. Lobanov

The change of the northern environment as a result of its use,
V. V. Kryuchkov

Impact of certain anthropogenic factors on tundra complexes of
European north of the USSR, Yu. G. Zharkova

The domestic reindeer industry influence on the flora and fauna of the
tundra of the USSR, B.B. Borzhonov, E.K. Borozdin,
N.O. Dyachenko and V.A. Zabrodin

The lichen cover change caused by human activity in the north Yenisei
Basin, R.P. Shchelkunova

Causes of treeless tundra zone, V. V. Kryuchkov

Permafrost in the territory of the USSR, P.I. Melnikov and
V.T. Balobayev

The study of tendencies in permafrost development by the analysis of
temperature field of the rocks, N.A. Shpolyanskaya

Basic propositions for scientific prediction of anthropogenic action and
improvements of the environment in permafrost regions,
V.A. Kudryavtsev, L.S. Garagulya and L.M. Maximova

The characteristics of simulating natural and natural-engineering sys-
tems in permafrost regions, V.A. Kudryavtsev and V.G. Melamed

The role of radiation-heat balance in permafrost evolution,
L.S. Garagulya and V.A. Kudryavtsev, and E.I. Nesmelova

* Complete versions of the first five papers listed are published in English,
accompanied by summaries in Russian. Summaries of the remaining papers

are published in Russian and English.

Page
iv

15
24

33

37

38

39

42

43

&%

47

48

50

S1

53




B i

B
e

Methods of mapping of permafrost thickness — compiling regional maps,
V.S. Yakupov and V.M. Kalinin

Thermal regime of Yakutia landscapes, M.K. Gavrilova

Sectoral differentiation of the arctic flora, B.A. Yurtsev, A.I. Tolmachov
and O.V. Rebristaya

Conditions and peculiarities of construction projects in permafrost areas,
K.F. Voitkovsky and R.M. Kamensky

Appendix A: Contents of symposium proceedings

vi

Page

54
SS

56

58
61

"R

. A




PLANNING TO MITIGATE ENVIRONMENTAL IMPACT

Curtis V. McVee*

INTRODUCTION

The Arctic zone is universally identified as the area
north of 66° North Latitude. In Alaska, the crest of
the Brooks Range is popularly considered the dividing
line between the Arctic and subarctic zones. The foot-
hills and coastal plain north of the crest of the Brooks
Range are characterized by short, cool, moist sum-
mers and dry, cold, long winters. By way of contrast,
the foothills and interior valleys to the south of the
crest enjoy short, warm, dry summers and very cold
winters. For purposes of definition, further refer-
ences to the Alaska Arctic zone in this paper will be
limited to the area north of the crest of the Brooks
Range. However, this paper will not be limited to the
Arctic zone and will include discussion on the Arctic
and subarctic.

The Arctic zone in Alaska and the high Arctic
plains of Canada are the last remaining undeveloped
areas in North America. Demands for resources, es-
pecially minerals and oil and gas, plus the rapid evo-
lution and development of new technology enabling
man to operate more efficiently in cold climates are
exerting increasing use pressures on the Arctic.

Unique life forms and ecosystems have evolved
over time in adaptation to the severe climatic condi-
tions. Permafrost appears to be a key feature of
ecosystem evolution, acting as a seal against deep per-
colation of the limited precipitation. By any meas-
ure, the Alaskan Arctic is a very fragile ecosystem,
influenced by precipitation typical of dry or very dry
desert areas.

Because of the harsh climate and general low pro-
ductivity, even minor changes effected in this environ-
ment can trigger spectacular and long-lasting impacts.
Massive changes, if allowed to occur, can have pro-
found and long-term effects, generating permanent and
irreversible ecosystem changes.

Historically, the Arctic region has been sparsely
settled because of the extreme climatic conditions
and the limited carrying capacity of renewable re-
sources. As a result, large areas of the Arctic are es-
sentially in a pristine condition. Man’s use of the

Arctic will result in some impact on the ecosystem.
However, if disturbance of the vegetative cover is
minimized or is accomplished utilizing known engineer-
ing and biological principles, long-term damage can be
avoided.

The search for new reserves of oil and gas in the
Arctic region of North America is rapidly increasing
in pace and intensity. Discovery and exploitation of
significant reserves, such as those at Prudhoe Bay, can
be expected to occur. As energy demands increase,
extraction of coal reserves will also become a reality.
Major developments and settlements to facilitate re-
source extraction are likely to be ephemeral in nature —
intense concentrated development and activity for a
finite period of time, then eventual abandonment.
Even those uses dependent on renewable resources,
such as grazing and timber production, must be ap-
proached with caution so as not to destroy the very
ecosystem which produces the forage or the timber.

Problems of development reach far beyond the im-
mediate confines of the Arctic area. The tendnls of
access roads and pipelines in the Arctic and subarctic
areas may eventually link with established road and
pipeline systems far to the south. A permanent legacy
of the search for, and development of, oil and gas re-
sources of the Arctic will be a network of access roads.
airstrips and pipeline routes. Some of these will likely
remain in place though no longer used by industry, and
some will be utilized by recreationists.

The problem, reduced to elemental terms, facing
the Arctic land manager is how to accommodate such
development and use while minimizing long-term im-
pacts on the Arctic ecosystems. One thing should be
emphasized at this point. Any use and development
in the Arctic will result in some visual landscape
changes. Such changes, however, need not necessarily
result in a significant reduction or alteration in the
basic productivity of the ecosystems involved.

Land use planning is one management tool which
can be effectively utilized to prevent and/or minimize
impacts. Because of the wide areal expanse of the
Arctic and the support systems necessary through the
subarctic regions, a method is needed to evaluate and

* State Director, Bureau of Land Management, Anchorage, Alaska.
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Figure 1. Permafrost in Alaska.

identify areas which should be given priority atten-
tion.

SUGGESTED PLANNING APPROACH FOR
ARCTIC AND SUBARCTIC REGIONS

The technique described here is based on well-
known principles of planning. The technique was de-
veloped in part, tested and used successfully by the
Bureau of Land Management on a broad assessment
of the entire state of Alaska with the exception of
the Southeastern Panhandle.'

Step I — Physical profile

Identification of the natural characteristics of the
area. This includes such factors as topography, geology
soils, vegetation, climate and hydrography. Included
in this physical profile were such items as fault lines
and seismic zones, potential flood, ice jam, tsunami
and wave hazard areas. Permafrost characteristics
were also identified (Fig. 1). All data were portrayed
on transparent overlays over a base map at a scale of
1 in. = 40 miles.

.

' Bureau of Land Management, “Land Use Capacity
and Management Philosophies for Alaska — A Study.”
Bureau of Land Management, Anchorage, Alaska,
1973.

Step II — Resource inventory

Resource data was portrayed on transparent over-
lays and included such items as timber inventory, land
status, locatable minerals, possible metalliferous pro-
vinces, coal-bearing rocks, possible oil and gas provin-
ces (Fig. 2), wildlife and fisheries habitats, grazing re-
sources, and recreational resources.

Step III — Use suitability evaluation

This process brought together the physical and bio-
logical inventory in the preceding steps for assessment.
Each of the seven resource disciplines represented in
the study (Range Management, Forestry, Wildlife,
Recreation, Minerals, Watershed Management, and Land
Ownership) developed a suitability rating map covering
every land area identified on the resource inventory
map. Resources evaluated included livestock forage,
timber, lands, minerals, water, wildlife habitats (Fig.

3) and recreation.

Suitability evaluations were ranked in one of three
categories:

1. High amenability to environmental modification,
orin the case of water, reflects few limitations to use
and development of water;

2. Moderate amenability to environmental modi-
fication, or in the case of water, reflects some limita-
tions for use and development of water:;

3. Low amenability to environmental modifica-
tion, or in the case of water, reflects considerable
limitations to use and development of water.

— — ey e —
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Figure 4. Multi-resource suitability ratings (excemt).

An example for illustrative purposes is a forested
area identified as commercial forest in the resource
profile but underlain by shallow soil and permafrost.
This area could be coded T3 to reflect a low amen-
ability to environmental modification. The numerical
weights do not mean use or development should or
should not occur, but express a measure of the degree
of likely environmental impacts if use and develop-
ment occur.

Step IV — Multi-zesource suitability evaluation

Taken individually, each of the seven resource suit-
ability rating maps gives only a single resource suita-
bility assessment for any given area. A composite
map is then prepared using the map transparencies
and sieve techniques while allowing a grouping of the
resource combinations with their respective ecologi-
cally oriented weight assessments. What results is a
multi-resource suitability portrayal for any giver. area
(Fig. 4).

Each combination of resource values and assessed
weights is identified by number. In the course of the
Alaska study, 559 variables were developed.

Each enclosed area is then color coded based on the
combinations of resources and suitability ratings into
one of three land form groupings. In the Alaska study,
green was used to identify areas with potentials for use
and development of resources which, with limitations,
are generally amenable to man’s use and development.
Orange was used to indicate areas with unique, scarce
or vulnerable resource values, generally reflecting low

amenability miman‘s use and development if the identi-
fied values are to be protected. Yellow was used to in-
dicate areas generally amenable to man’s use and de-
velopment, but with critical potentials for conflict with
unique, scarce or vulnerable resource values.

The process of relating each discrete area on the
multi-resource suitability map to one of the three land
forms recognized is a key step. Involved is an inter-
pretation of each discrete area, a reassessment of the
resource values identified, an analysis of the compat-
ibility and/or conflicts of resource use and the forma-
tion of judgment as to which of the three categories
fits the assessed area best.

This process requires the use of an interdisciplinary
team of resource specialists who are familiar with the
country, the resources and the abilities and constraints
of the latest technology applicable to resource utiliza-
tion.

In pristine areas of the Arctic and subarctic, key
and sometimes even single renewable resources may be
of such overriding importance that the land form group-
ing assigned indicates the ability of the key resource(s)
to withstand environmental modification. For example,
the peregrine falcon is listed as an endangered species.
Nesting habitat is a critical factor, as disturbance dur-
ing the nesting period can adversely affect survival.
Where such sites were identified, this resource factor
alone was sufficient to overshadow other resource rat-
ings, to place the area in the low amenability grouping.

With these kinds of judgments involved, the inter-
action of a knowledgeable interdisciplinary team is
mandatory to arrive at such consensus determinations.




The result of this process was a color-coded map of
Alaska which portrayed the sensitivity of any given
area to man’s use and development, always with the
proviso that control on such use and development is
exercised through appropriate application of known
technology.

MANAGEMENT UTILIZATION

The planning approach described is not designed to
tell the land manager what areas should or should not
be used and/or developed. This approach does flag,
for the manager’s consideration, the potential magni-
tude of environmental impacts which can be antici-
pated with use and development of a given area. The
gross stratification developed also assists the manager
in establishing priorities for more detailed studies,
analyses, and land use planning efforts.

A study of this type can also be of value in the de-
velopment of environmental analyses for proposed
major developments and especially so for proposed
lineal developments such as pipelines and roads which
may transect hundreds of miles and a multitude of
ecosystems.

ENVIRONMENTAL ANALYSIS

Another valuable tool available to the land mana-
ger is a process of environmental analysis, which re-
quires a close look at a specific proposed action or
series of proposed actions and the potential impact on
the environment. This kind of analysis is a mandatory
obligation on the part of Federal land managers under
the terms of the National Environmental Policy Act
of 1969, commonly referred to by its acronym,
NEPA.?

NEPA is of major significance to planning and regu-
lation of man’s activity in the Arctic. The declared
purposes of this very important act are:

“Taideclare a national policy which will en-
courage productive and enjoyable harmony be-
tween man and his environment; to promote
efforts which will prevent or eliminate damage
to the environment and biosphere and stimu-
late the health and welfare of man; to enrich
the understanding of the ecological systems
and natural resources important to the Nation;
and to establish a Council on Environmental
Quality.”?

2 National Environmental Policy Act (NEPA) 83 Stat.

The profound impacts of man’s activities on the
natural environment are recognized in the Act as it
points out the responsibility of the Federal govern-
ment to improve and coordinate Federal actions to
achieve the following goals:

(1) fulfill the responsibilities of each gen-
eration as trustee of the environment for suc-
ceeding generations;

(2) assure for all Americans safe, healthful,
productive, and esthetically and culturally
pleasing surroundings;

(3) attain the widest range of beneficial
uses of the environment without degradation,
risk to health or safety;

(4) preserve important historic, cultural
and natural aspects of our national heritage,
and maintain, wherever possible, an environ-
ment which supports diversity and variety of
individual choice;

(5) achieve a balance between population
and resource use which will permit high stand-
ards of living and a wise sharing of life’s ameni-
ties; and

(6) enhance the quality of renewable re-
sources and approach the maximum attainable
recycling of depletable resources.”™

A major component of the administrative section of
the Act requites a public environmental impact state-
ment process that examines the proposed Federal
action for effects on the environment. This adminis-
trative section, 102(2) states:

*“(A) utilize a systematic, interdisciplinary
approach which will insure the integrated use
of the natural and social sciences and the en-
vironmental design arts in planning and in de-
cisionmaking which may have an impact on
man’s environment;

% Kk ok %k %

(C) include in every recommendation or re-
port on proposals for legislation and other ma-
jor Federal actions significantly affecting the
quality of the human environment, a detailed
statement by the responsible official on--

(i) the environmental impact of the
proposed action,

(ii) any adverse environmental effects
which cannot be avoided should the pro-
posal be implemented,

(iii) alternatives to the proposed action,

(iv) the relationship between local
short-term uses of man’s environment and
the maintenance and enhancement of long-
term productivity, and

(v) any irreversible and irretrievable
commitments of resources which would be
involved in the proposed action should it
be implemented.”$

852(1970). P Sl e
3’bid- “s[bid
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Thus the NEPA process becomes part of the planning
and decision system and an integral component which
insures selection of options to meet identified goals
and objectives.

CONCLUSIONS

The Arctic and subarctic regions of North America
are being subjected to increasing developmental pres-
sures because of the intensified search for non-renew-
able resources, particularly for oil and gas. One tech-
nique for a rapid overall planning assessment for large
areas has been described in this paper. Planning with
the use of this technique (or other similar planning
efforts), and with the process of environmental analy-
sis will assist the land manager in guiding and regulat-
ing man’s use and development in Arctic regions.

These tools, however, are essentially crude because
of the small scale involved, the general lack of site-
specific data and a constantly evolving technology.

No amount of planning and environmental analysis

can obviate the need for a strong management posture
of constant surveillance of on-going operations coupled
with the capability, authority and flexibility to adjust
operations on the ground. Specific authority is needed
to require adherence to control and protective require-
ments in permitted activities, while flexibility is needed
to tighten or loosen restrictions as situations and tech-
nology change.

Given the basic ingredients of strong planning ef-
forts, environmental analyses and a strong management
position, the utilization of Arctic resources can occur
with a light touch, conserving with minimum impair-
ment the basic long-term productivity of the Arctic
ecosystems.
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PA3PABOTKA NMPHPOAHBIX PECYPCOB
H CBA3AHHBIE C HEA NPOBJIEMbBI OXPAHB!
OKPY)XAIOWER CPEAbI B PAROHAX APKTHYECKOR
ANNACKH.— NJIAHHPOBAHHE MEPONPHATHA,
YMEHBIIAKOWHX YIEPB, HAHOCHMBIR OKPYXAIOLLER
CPEQE

ApKTHKa SBASIETCA HEOCBOGHHHM pafOHOM CeBepHOro moayua-
pua. PocT 3Hepro3anpocos H paisuTHe HOBBIX TEXHHYECKHX CPelcTs
€noco6CTBYIOT OCBOEHHIO 3TOro pafioHa. BBHay yHHKaAbHOCTH apk-
THUECKOM NMPHPOIN M YA3BHMOCTH CEBEPHHX SKOCHCTEM 3TOT pafloH
NOMXeH QCcBaHBATLCR B GyAyuleM OYeHb OCTOPOXKHO BO H3Bexauue |
HapylWeHHs NPHPOAHOro paBHoBecHs. [l1aHHpOBaHHE 3eMJeno.Tb-
30BaHHA, OCHOBAHHOE HA HCC/e10BaHHSAX MPOLWIABLIX JeT H TEeKYMX
HCCNElOBAHHAX, MOXET NPenoTBPaTHTL H xueubmu‘rh yuep6, ua- |
HOCHMBI OKpy:Kawouweh cpene. locTosHHHA KOHTPOJb It H3yueHHe
¢opM H MeTONOB 3KCMAyaTallHH NPHPOAHHIX PECYpCOB NOMKHBI BO-
BpPeMA CHCHA/AH3NPOBATL O NPo6aemax, CBA3AHHBIX C HX OCBOEHHEM.
IMaawupoBaHHe M KOHTPOJb B COYETaHHH CO CBOEBPEMEHHBIMH H3-
MEeHEeHHAMH NJIAHOB H METONOB BeleHHsi paboT ABJACTCA KIKOHOM
K pelleHHI0 BONpoca 06 ymeublleHuH yuwep6a, HAHOCHMOTO apKTH-
YeCKHM 3KOCHCTEMaM.

3HaHHe NPHPOAHBIX GHOJOrHYECKHX CHCTEM, reooriu M Kau-
MaTa — BOT OCHOBA TNJAHHPOBAHHA 3eMJenonbaosauns. [liaus
3eMAeNnoNb3I0BAHHA, CTaBALIHE OCHOBHOA HeNbio MpelocTaBlieHHe
paboThl HaceJqeHHIO HIH TOBBIllleHHe NOXOAOB CEeMbH, O%eHb 4acTo
OKa3biBAIOTCA HECOCTOATENbHHMH. Bce 3evenbHbe yuacTKit # mpH-
poaHne pecypecH, T. €. Jec, MiHepaau, HedpTb, ra3 H Mmp., HMelOT
npenes MPOIyKTHBHOCTH, ompelelHTb Kotopufi Heserko. Hruase
neno o6ctont ¢ Bo30GHOBNMBIME pecypcamH. HMcxona 3 Toro, uto
XKenaTeAbHO COXPaHATb NOCTOSHHBA ypOBeHb MPOAYKTHBHOCTH ro-
0Bas HOPMAa 3IKCNJyaTallHH NPHPOAHBIX pPeCypcoB CTaHOBHTCA
¢GyHKUHed roaoBOro mpupocTa mpoayKuwH. Uto Kacaetcsa HeBo3oG-
HOBHMbIX Pecypcos, TO rofosoe norpe6.1eHHe naer BO3IMOXHOCTb
ofnpenenTh TeMNH NX 3Kcnayatauud. Mrtak, naannposaHile 3em.e-
NOMb30BAaHHA HOJKHO CTPOMTBCA Ha OCHOBe 3HaHUA O 3eM.’e, ee
NOTEHIIHANBHOM NPOYKTHBHOCTH H BO3MOMXHOCTAX.

YpoBeHb feTanu3auuu, HeoGXOIWMBIl NS MPHHATHA peweHnit
6bIBaeT Pa3NUYHBIM H 3aBHCHT OT TOro, K 4eMmy JQMKHO MPHBECTH
npuustoe peiwenne. Hanpumep, perHonaasHoe 30HHpOBaHie. B Npo-
ecce KOTOPOro BbiIeNseTcs TePPHTOPHA 1S NMPOMBILTIEHHOro OC-
BOEHHS M MCMO.b30BAHHA, MOXKeT OuTh OCHOBaHO Ha O6OGLIEHHON,
HO TouHOR MHGOpMaUNH, a8 NnaaHHpoBaHie roloBoA py6ku .eca
101KHO 6a3HPOBATBCA HA 3HAHMH TOAHYHLIX TeMNOB poOCTa, BOC-
CTAaHOBJEHHsI, riubGean Jeca, a Takke BO3NEACTBHA ero PyOKH HaA
OKPVAKAULYI0 cpeny.

[Tnanupopanue, a 3aTeM 3KcnayaTauHio 60.bIIHX TePPHTOPHI,
XapakTtepubix A ApktHkH W CyGapKTHKH, NPHPOAHBIE pecypChbl
KOTOpbIX paHee He HCNO/b30BaJHCh, CJaelyeT HayaTb C aHAaJH3a,
COCTORIMEro H3 Tpex CTaaiM.

[TepBas craaus — OnMcahHe ¥ HaHeceHHe Ha KapThi H CXeMbl
CACAVIOUHX XaPAKTePHCTHK MPHPOLHOA CPebl:

Tonorpaduu;

2) ruaporpaduu;

3) reoaorumu;

4) nouswi;

5) pacTHTeAbHOCTH;

6) cyutecTBYIOUHX MOCeNeHHH,

7) Kaumara.

Btopas craaus — KapTHpOBaHile NPHPOAHBIX PeCypcoB:

1) padoHOB NONE3HBIX HCKOMAeMblX;

2) mectopoxnenuit HedTH, rasa;

3) paiftoHOB MpoMbICAA AHKIIX KHBOTHBIX, NPHUEM rIaBHOE BHH-
Manite caeayer o6paTHTL Ha paHoHbl ¢ 0060 YA3BHMOMH MPHPOLHOM

peion,

4) pafoHOB OTNbIX4;

5) N1ecoB UMEILIKX NPOMBILLIIEHHOE JHAYEHHE;

6) pafioHOB, KOTOpPbie MOXKHO HCNOABL30BATH AJA CEABCKOrO XO-
IAACTRA.

TpeTbi CTanAHA — yCTAHOBJEHIfe 3MEMEHTOS, OrpaHHYMBAIOILHX
XO3SIHCTBEHHOE HCNO/b30BaHHe:

1) nous (pafionsl BeuHON Mep3noTHl KJIaccHPHUHpYIOTCA B 3a-
BHCHMOCTH OT CO/lePXaHHA NbAa);

2) ceflcCMHYECKHX 30H 1 30H c6poca;

3) pafoHOB, NONBENKEHHBIX HABOMHEHHAM

4) paHoHOB, NOJBEPMEHHBIX LYHAMH,

5) KJIHMATHYECKHX XAPAKTEPHCTHK

Jti TPH ITana  MOrYT OuThL TeCHO CBH3aML Memay coBof,
a TakKe ¢ npo6aeMofi oxpans okpyxawuef cpein. Kpome toro
BLAACHSCTCH, YTO CyULleCTBYeT KOH(AHKT MeKy PaspabOTKOA NpH-
POHBIX PECYPCOB M COXPAHEHHeM Mpupoubix Aayiwadros. Onpe-
AASIOTCA  AOTOJAHHTEAbHBE GOPMLI  HCNOALIOBAHHA 3eMEab M
OIHOBPEMEHHO KX 06CAYKHBAHHE TPAHCHIOPTOM, AR ITOTO BLAILIA-
IOTCA HajeMuble Kopuaopul. B peayaurate Tulateasuoro u Beecto-
POHHETO alfanM3a OnpeleAsieTcs MAOWaAL TePPHTOPHH, KOTOpOh
Havocutest yulep6 pa3paboTKOA NMPHPOAHWX pecypcos, W NJowWans
TCPPUTOPHH, OPUTOAHOA AR IKCAAYATAUHH OPH YCIOBUH BHINOA-
HenHst TpeGoBaHHA oxpaHb oKpyXawulefi cpean. [locaeanss xare-
ropis 3eMesb MoKeT ObiTh OCBOeHa 6e3 cepheanbix HapylieHwH
FHAYHUTEALHBIX 3aTPAT. DKCMEPHMEHT MO OCBOEHHIO M IKCHIYATAlUHH
TeppHTOpii 6e3 HaHeceHus yulep6a OKpyiKawulelt cpejie nposo-
aunacs wa Aascke. Ha 3eMasax wrata Obian BhiicaeHnl HECKOJAbKO

COTeH KOMiAekcoB. Takoe pafionnposanne HeOGXOAHMO PYKOBOIH-
TEAI0, KOTOPLA pellaeT, Kak A0.1KHbB HCMNO.b30BATLCH jeMAH. ITO
HCOOXOAHMO OCOGEHHO B Tex CJyuyasix, KOrla Moc1c1CTsHs Takoro
HCMOALIOBAHKA  ABARIOTCA HeoOpaTuMuiMu. CaviyeT yCTAHOBHTL
HYKHLIC TPAHCMOPTHbIE CHCTEMb, @ TAKKe BOIMOAKIOCTL paiMelle-
HHA H KOJHYecTBO paboyed cHAbl. BULABAAIOTCH TCPPUTOPHH, He
NOLICAKAUIHE NPOMBILIEHHOMY ocBoenHio. Ocoboe 3nauenne 1%
11aHHPOBAHHA 1 PEry1MPOBAHHA 1eATEIbHOCTH YeloBeka B ApK-
THKE HMeeT 3aKOH O HAllHOHAJbHOH NMOJMTHKE MO OXpaHe OKpYyXa-
oledt cpeibl, npUHATLH Kourpeccom CIUA 8 1969 r.:

«l’'ocy.1apcTBeHHAs  NOAMTHKA J0AKHa 06ecneyHTbh rapMOHIIO
YeJ0BCK4 M cpeabl H 6HOcepbl H cnoco6CTBOBaTL pocTy 61aroco-
CTOAHHA M YJAyUWEeHIO 3]10POBLA .1101€H; PACIUKPKTL npelcTas.e-
Hisi 00 IKOJOrHYECKHX CHCTEMAX H NPHPOIHBIX pecypcax rocyiap-
cTBeHHoro 3nauenns. Cosaate CoBeT No KOHTPOIKW 33 KayecTBOM
OKPYXalouleH cpeibl». 3aKOH yCTAaHaB.IMBAET OTBETCTBEHHOCTbL ¢e-
J1€PAJbHOrO NMPaBHTE.ILCTBA 3a COBEPLIEHCTBOBANHE H KOOP1HHAUMIO
JEHCTBHH [PABHTEAbCTBEHHBIX YYPeXKIEHHH B NOCTHAKEHHH Caery-
IOLIHX Leer:

1. YcTaHOB/IeHHH OTBETCTBEHHOCTH 33 COXPAHHOCTb OKpPYXKalo-
uiedi cpejibl Kaxa0ro I1OKOJAeHHs nepel Oy.1) IHMH NOKOJAEHHSAMH.

2. CoxpaHeHHH AJsi BCEX aMepIIKAHUEB 3.10POBOW, MPOIYKTHB-
HO Y/I0B.ICTBOPHTENbHOH B 3ICTCTHYECKOM H KyJAbTYPHOM OTHOLWIE-
HHSIX NPHPOAHOH Cpejlbl.

3. OnpeaeseHHd GQOPMbL IKCIAYATAUMN TPUPOIHBIX PecypcoB
6e3 Jlerpajlalliy APHPOIHOR CPE1bl, ONACHOCTIE 118 3,10pPOBbH, HIH
JPYrHX HeXenaTeNbHbiX NOCAeCTBHH.

4. CoxpaHeHHH BAKHbIX HCTOPHYECKHX, KYJAbTYPHBIX H NPHPOI-
HbIX dCNCKTOB HAallero HalHOHAJLHOro 6OraTcTBa M COXpPaHEHHH,
€CJH 3TO BO3MOMHO, OKPYXKalolled Cpelbl, yI10BJAeTBOPAIOUIEH HH-
JAHBH1YaabHble NOTPEGHOCTH Jl0aeH.

5. JIOCTHKeHHH DPABHOBCCHSI MEAKLY HaceleHHeM H HCNOab30-
BaHHEM PecypcoB, 4TO 00eCcreudT BbICOKHH YPOBeHb AKH3HH M paB-
Hble BO3MOMHOCTH /I8 BCEX .TH01CH HACI1aXK1aTbest 6.1araMu AKH3HH.

6. Yayuwennn KauecTBa BO306GHOBHMLIX pecypcoB it obecneue-
HHH MAKCHMAJbHOTO BO30GHOBJIEHHS HCTOULAEMBIX pecypcoB

34KOH O HAUHOHAJABLHOH NOJAHTHKe 110 OXpaHe OKpyKatouleH
cpeibl NpeiycMaTpHBaeT Heo6X01HMOCTDL LHPOKOro O6LIeCTBEHHOIO
OGCYAKICHHS BCEX TOCYAAPCTBEHHBIX MEPONPHATHI, BAHAIOULNX Ha
OKpyXKaiollyio cpeily; B pasiete 102—C 3T0ro 3akoHa 3anHCcaHo:
KaX/1as PeKOMEH/allis HAH CBOAKA NPELIOKECHHR 118 BKIKUCHIIA
B 3aKOHOAATEAbCTBO, MO0 APYrHe rocy1apCTBEHHBIC MEPONpPHSTHS,
CYWECTBEHHO BJMAIOULIE HA KAYECTBO CPeibl OOHTAHMA dea0Bekd
JI0IKEBL ObITb  BCCCTOPOHHE OOOCHOBAHbI OpraHaMi —HCHOaHKHTE-
JSMH, TaKoe 0GOCHOBAHHE /10J1)KHO BKJAOYATh:

1) BAHSIHHE NPEINAracMblXx MEPONPHATHA Ha NPHPOIHYIO cpeay,

2) mnepeveHb HEOAATONPUATHBIX NOCAECTBHI, H36LKATL KOTO-
PHIX HEAB3N, €Cam Npolaoxenie 6y1eT ocy ecTBACHO,

3) BapHAHTBLI NPCIAATaeMOro MeponpHsTis,

1) CB#3b MEXKAY JOKAJbHBIMH KPAaTKOBPEMCHHBIMIL MCPOTPHS-
THAMH ¢ HCNOJb30BAHHEM NPHPOJHON CPe/ibl H CONPAHCHIEEM H VBe-
JHUYCHHEM €€ MPOJYKTHBHOCTH B TEUEHHE LTNTEJILHOTO NPOMEKYTKa
BpeMeHH;

5) nepeyenb HEOOPATHMBIX H HEBO3MECTHMbIX HIMCHEHUH B NpH-
poAHOl cpejle, ecAl fpeaaaraeMoe MepornpHATHe Oyler OCyIecTs-
JIEHO.

Hrak, 3akon 0 noJnTHKe no OXpaHe OKPYX. cpeibi fBIAETCH
YACTLIO CHCTEMBL TIAHIIPOBAHUA, OH CNOCOGCTBYET NPAaBHILHOMY
BHIGOPY MEPONpPHSITHI, HANPABJACHHBIX HA DPCUICHHE MOCTABACHHBLIX
ueaen.
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RESOURCE DEVELOPMENT AND RELATED ENVIRONMENTAL

CONCERNS IN ARCTIC ALASKA — IMPACT ON NATIVES

David M. Hickok*

INTRODUCTION

" Alaska Natives, particularly the Inupiat of arctic
Alaska, live closer to the land and the sea than most
other Americans. For several centuries their ancestors
exercised “‘dominion” over the land and resources
which provided them with the requirements upon
which they built one of America’s most remarkable
Native cultures. Historically, they took from the land
only what they needed. Time and the thrust of west-
ern civilization into arctic Alaska has not altered this
fundamental Inupiat concept of the land as the pro-
vider.

The Inupiat are realists. Today, just as in the past,
they accept and use those aspects of western culture
which enhance their livelihood and survival and at the
same time retain those values and pursuits which have
maintained them for centuries. Prior to the 1940’s
and the beginning of the modem era of resource de-
velopment in arctic Alaska, the Inupiat experienced
two centuries of western contact: periods of explora-
tion, exploitation of whales and other marine mam-
mals, the fur trade, and the introduction of new con-
cepts of govemnment, religion, and education. All
were dealt with by external acceptance and participa-
tion but also with an intemal passivity and resilience
which retained the Inupiat identity. This identity is
strong today, perhaps even stronger than a century
ago due to the events of the past three decades. I
think it is becoming even stronger.

BACKGROUND

This retention and strengthening of the Inupiat
identity has taken place during a time when many non-
western cultures of the world have been decimated,
subdued, or amalgamated by recurring social, econo-
mic, and technological changes, introduced disease,
the traumas of alcohol, and the forced separation of
families for educational and government convenience.

I will not dwell on this, but the historic fact is that
change in the Alaskan Arctic has most often been
brought about by external forces. In order to under-
stand the pressures on the Inupiat people today a per-
spective of the most influential events of recent time
is useful.

World War Il emphasized the strategic importance
of the Inupiat territories, and consequently, defense
installations were built throughout the Arctic and
Alaska generally. Government interest continued in
the Arctic in the postwar years. Military construction
and scientific research provided new sources of income
for the people, and improved transportation, greater
educational opportunities, and health facilities were
made available.

When the government initiated a major oil explora-
tion program in Naval Petroleum Reserve No. 4 in
Inupiat territory, it launched a new era in the Alaskan
Arctic. From 1944 to 1953 exploration within the re-
serve provided a long period of employment for local
people and the beginnings of a true cash economy. Ex-
ploration of the reserve and other governmental inter-
ests led to the establishment of the Naval Arctic Re-
search Laboratory at Barrow in 1947. This action pro-
vided additional local employment, affirmed a long-
term federal commitment to arctic research, and in-
volved the Inupiat with individuals and ideas from
around the world.

The effects of this scientific effort combined with
the involvement of the Inupiat people from 1947 until
now cannot be overstated. Scientists who worked out
of Barrow covered the entire Alaskan Arctic and the
polar sea. They depended greatly on Eskimo support.
Equally, the Inupiat learned from the scientific com-
munity. Gradually, this cooperation produced a basic
knowledge of the environments and resources of the
Arctic which has just recently begun to be understood
and utilized by government and economic interests.

Additional exploration of the petroleum reserve and
subsequent construction of communications installa-
tions between 1953 and 1957 brought modern science

* Director, Arctic Environment Information and Data Center, University of Alaska, Anchorage, Alaska.

8




\, vo:omA
AIPIM _..c.z

4y

¥F 7 g
AINO  30V4NNS

L
NOI12373SH3A0  3DV4HNSENS
30va8NSBNs
NOILD3TISH3IA0 334
334
aAN3IDAN
/
NO1103714S ANVl 3dO1S

i

JILONY




P

T L. Lad .

%

- =t

to the Arctic and more employment for local people
as well as environmental impact and degradation. The
Federal Government took exploration and constru.c-
tion materials to the Arctic on a “one-way ticket” and
left debris and destruction everywhere. Travel and
construction activities degraded the tundra, thawed
the permafrost, and eroded hundreds of square miles
because scientific advice was ignored.

Exploration of the petroleum reserve was suspended
in 1953, but the pattern of employing local Inupiats
a support personnel continued during periods of mili-
tary construction as well as scientific inquiry, which
accelerated during the International Geophysical Year
in 1957. During this period the scientific and Eskimo
communities were brought closer together by several
investigations of Native diseases and community struc-
ture as well as by continued research in natural Arctic
phenomena.

During 1957-1958 the U.S. Atamic Energy Commis-
sion funded a comprehensive and correlated study of
environmental and Inupiat socioeconomic conditions
prior to Project Chariot — an experimental harbor ex-
cavation by nuclear device to be located at Cape
Thompson on the Chukchi Sea coast near the Inupiat
villages of Pt. Hope and Kivalina. Aftersubstantial re-
search, the combined environmental awareness of the
scientists involved and the assertiveness of the indigen-
ous peoples brought about an end to this idea. Im-
portantly, this process gave a new urgency to under-
standing more about the effects of external forces upon
Inupiat life.

Oil company exploration crews came to the Arctic
in significant numbers beginning in 1959. The oil in-
dustry had carefully studied the results of earlier ex-
plorations in Petroleum Reserve No. 4, had discussed
arctic prospects with government scientists, and were
ready to launch their own investigations.

In the mid-60’s the disregard of arctic environmental
concems continued with private oil and gas exploration
on state-selected and federal public domain lands. By
this time, however, more knowledge of natural Arctic
conditions was available. Nationally, public interest
and concern about the natural environment was grow-
ing. Some scientists and governmental officials, the
Inupiat people, and a generally aroused citizenry pro-
tested against practices detrimental to the natural sys-
tems of the Arctic. Most were stopped. The oil in-
dustry cleaned up much of its debris. Ironically, while
industry complied with public pressure, govemment
did not. Except in the immediate vicinity of Barrow,
debris has been left scattered over hundreds of square
miles of tundra. The Navy has contracted the Arctic
Siope Regional Corporation to clean up part of the
petroleum reserve during 1976.

As industry teams began their work, another signifi-
cant event took place. On December 6, 1960, the 8.9-
million-acre Arctic National Wildlife Range was created
by Public Land Order 2214. This action by outgoing
Secretary of Interior Seaton surprised many. Actually,
it was the result of trade-offs made in the Congress to
assure sufficient votes for Alaskan statehood. To the
Inupiat, however, this action looked like a potential
threat by the Federal Government to Inupiat dominion
in the eastern Alaskan Arctic. The establishment of the
range did result in long-term consequences for the Eski-
mo people generally, and particularly for the villagers of
Kaktovik on Barter Island. This wildlife range and Naval
Petroleum Reserve No. 4 encompassed more than half
of the lands regarded by the Eskimo people as belong-
ing to them. Inupiat attitudes toward their legal land
rights began to stiffen and become vocal.

They organized and, by the mid-1960’s, united with
other Native groups of Alaska to legally protest selec-
tions by the State of Alaska under the Statehood Act
and federal mineral leasing east and west of the petrole-
um reserve. They demanded that Govemment settle
their aboriginal claims. Additionally, the State and pri-
vate oil firms were advised that the Inupiat regarded
their presence as trespass on these lands. Self-determina-
tion and enhancement of life without formal title to their
traditional lands was.deemed impossible. They fully re-
alized that a land base was essential to equal societal -
participation, both economic and political. Thus, the
Inupiat renewed their ancestral claims to the land, and
after many years of arduous struggle, their claim and
the claims of other Native groups in Alaska were recog-
nized by the passage of the Alaska Native Claims Settle-
ment Act of 1971. The story of this act’s passage and
its current implementation cannot be completely told
here, but that struggle and the events leading up to it
plus the major 1968 oil discovery and development at
Prudhoe Bay on the Beaufort Sea coast, and the estab-
lishment of regional and local government in the form
of the North Slope Borough all have had profound ef-
fects upon the Inupiat people.

IMPACTS TODAY

The events of the past three decades have been under-
lain by the Inupiat struggle for equal opportunity under
law, settling of their land claims, and the structuring of
home-rule government. The physical circumstances of
the Inupiat people have changed, generally for the bet-
ter. Their attitudes towards themselves and others have
altered during this period of near sociological revolution.
Moreover, they are, from all points of view, most polit-
ically aware of the external forces affecting their lives:.
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L ’ economic, social, and political. Intrinsically, however, Simultaneously, the Department of the Interior was

the people are unchanged. They remain the Inupiat — gearing up for its pipeline surveillance responsibilities.
“the People” — with their own values and aspirations, The State did likewise. The private sector boomed with
and while they fully belong to the American commun- supply and service contracts that directly or indirectly
ity, they yet retain their own special identity. For supported pipeline activity. Other government agencies
most Americans, who are the result of western civiliza- and the academic community were also committing
tion’s “melting pot™ of ethnic origins, this is difficult their resources to investigations on pipeline, environ-
to understand, but it is an essential part of the current mental, or economic matters. In effect, nearly the en-
circumstances affecting arctic Alaska. tire public and private sectors of Alaska were involved
For Alaskans who care to reflect on the situation in programs related to either the land claims settlement
in our North today, two elements are unsettling or, at or pipeline construction.
least, ironic. These are the inordinate influence of Hardly noticed amidst this activity were portents of
{ federal program decisions and dollars over state and new problems and areas of involvement for the federal
| local concemns and the rush into new arenas of federal agencies themselves, newly formed Native corporations,
| involvement before other, earlier-agreed-to courses of state and local government, and the private sector — de-
governmental action have taken place. Obviously, the velopmental and conservation groups alike. But noticed
v two are closely interrelated, and they create a tangled or not, they were beginning to appear. Discussions on
web of bureaucratic programs. The Inupiat and other national energy deficiency were beginning and interest
Native groups are most affected by programs related grew in Alaskan outer continental shelf oil and gas ex-
to resource development in the arctic environment ploration, additional oil and gas pipelines or other de-
since their life-style is so closely tied to the land. livery systems for fossil fuels from the North Slope to
Beyond this major set of circumstances there are the contiguous “lower 48” states, and the exploration
two other fundamental effects — increased employ- and possible development of Naval Petroleum Reserve
ment, much of which is self-employment, and the No. 4. As the seeds of new energy-related programs
very great concern the Inupiat have over any govern- were being planted, other public concerns over environ-
} mental action that may affect the management or mental and socioeconomic impacts were also being ad-
4 availability of fish and wildlife resources. dressed. Competition in the Congress over national
_1 During 1971 and 1972 the major federal decisions land use planning versus coastal zone management
that affected resource development and the environ- planning was taking place. The Marine Mammals Pro-
ment in Alaska were the passage of the Alaska Native tection Act, bomn out of concerns not directly related
- Claims Settlement Act and the authorization to build to Alaskan waters and environs and in most ways sci-
o the trans- Alaska pipeline from Prudhoe Bay to Valdez, entifically fallacious with regard to Bering Sea and
§ Alaska. The dialogue surrounding these two issues Arctic Ocean populations, nevertheless exerted major
was intertwined in both the legislative and executive impact on state management and on utilization of
branches of the federal government as well as in the marine mammals by Alaskans.
several sectors of Alaskan society. A dominant, often By 1974 the infrastructure to support many of these
expressed theme of that time was the need for rapid new energy resource use, transportation, and environ-
and expedient action on both. Congress particularly mental programs was in place. This created still more
stressed urgency and made the immediacy of land impact on Alaska. In the past two years, 1974 to 1976,
conveyance to Alaska Natives a legislative mandate. several more, primarily federally induced programs have
' In many, many ways, Alaskans in all walks of life sprung up. The list now includes construction and en-
5 : gup i onstruction
were swept up in the wake of these two federal deci- vironmental planning for a new gas pipeline or delivery
¢ sions. The U.S. Department of Interior began to im- system from the Arctic to the “lower 48" states: ex-
plement the settlement act by withdrawing lands for ploration, land use planning, and environmental studies
b Native selection and those that might be later included of Naval Petroleum Reserve No. 4; exploration, environ-
into national land systems. Regulations, of course, mental and socioeconomic studies on oil and gas leasing
proliferated. Native groups established the corporations on Alaska’s outer continental shelf; plans, studies and
through which the compensatory assets of the act were legislation for additions to national conservation sys-
to be received. The Inupiat became deeply involved in tems; implementation of coastal zone management;
setting up and operating their Arctic Slope Regional and planning for new major transportation systems to
Corporation and eight village corporations. At the serve potential resource development areas.
same time they successfully established home-rule gov- In only four years the impact of federal programs
ernment under Alaska law in the form of the North on all facets of Alaskan society has increased about
Slope Borough. 400 to S00 per cent. To the Inupiat people particularly,
L
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and other Native groups as well, this is an unsettling
sitnation. Their land has not been conveyed, and
without land title their economic ventures are more
costly due to credit arrangements and lost income
from planned leasing agreements. Titles to housing
and community improvement projects are in constant
jeopardy. Most importantly, each new federal pro-
gram seems to encroach on or remove valuable assets
from their specified entitlements under the Alaska
Native Claims Settlement Act. Coping with a myriad
of federal activities in the area is a constant problem,
and the impact on their relatively small cadre of skilled
personnel and leaders is severe.

_ Bureaucratic competition further impacts the Native
community. The leaders of the Arctic Slope Regional
Corporation, village corporations, and the North Slope
Borough find themselves answering the same questions
over and over again because the information is rarely
shared. The amounts of time, money, and frustration
this causes are substantial, and it necessarily reduces
the effort they can spend on their own affairs. One
example is in the Cape Thompson region and also at
the village of Atkasook. Lands legally withdrawn for
Inupiat selection have been applied for by the people.
On these same lands scientific interests are pursuing
environmental research programs and planning future
ones. The Eskimo people, cognizant of the value of
such research, are willing to execute cooperative
agreements to permit access to their lands. The fed-
eral govemment, however, feels that its interests
transcend the Inupiats’ legal rights, and it is trying to
prevent the granting of land title in the name of sci-
entific inquiry. This worrisome problem not only de-
lays conveyance of the land title, but also requires the
Natives to spend their energy and money fighting an
activity that they fundamentally agree with.

All impacts of arctic resource and environmental
concerns have not been adverse; some, in fact, have
proved very beneficial. Foremost has been the ability
of the Inupiat to use the mechanisms and monetary
benefits of the Alaska Native Claims Settlement Act
to actively share in the economic growth of the Alaska
north. Importantly, this sharing of economic oppor-
tunity has been generated by the people themselves
through their own corporate enterprise. Projects for
new housing, better community facilities, tourist ac-
commodations, and industry are operated under Inu-
piasdisected corporations. Previously, the people,
when they worked at all, were employed by “out-
siders.” Now, they are employed by their own cor-
porations. The income eamed by the individual is
generated by projects of his people. They now build
their homes, their stores, and other facilities. This

enterprise yields rewards to both the individual and
the group. Pride in self and culture has been signifi-
cantly strengthened with far-reaching social, political,
and economic impacts.

Caught somewhere between the burden of their in-
volvement with government and their own economic
enhancement are a set of deep-rooted concerns over
the management of fish and wildlife resources in the
areas of Inupiat use and occupancy. So far no one
has done much more than talk about how arctic de-
velopment affects these resources. Very little research
has been done except for a few species over relatively
small geographic areas. Management, whether federal
or state, tends to be reactionary and responds more to
ideas and feelings than to facts.

The Inupiat, whose way of life is so deeply rooted
in the harvest of fish and wildlife resources and whose
dietary preferences favor wild game, view the current
public dialogue and governmental actions over these
resources with great alarm. They want to know “why.”
They seek explanations of governmental actions with
regard to caribou, waterfowl, and marine mammal
regulations. Governmental statements of “‘that’s the
law,” or “the biologists say” do not suffice. Allega-
tions that they are to blame for declines in game popu-
lations do not fit the facts as they see them. When the
Inupiat and scientists agree that more bowhead whales
exist in arctic waters now than for the previous half
century, the people do not understand national efforts
to deprive them of their whaling culture. With their
Canadian cousins they cannot accept federal law and
treaty which call for the harvest of waterfowl during
seasons that favor recreational hunting in the south
and that are detrimental to subsistence food hunting
in the north. Having witnessed the rise and fall and
changing movements of the caribou herds for genera-
tions, they cannot understand arbitrary regulation with-
out explanation and without their participation. They
are seeking new approaches to these regulatory matters
that will involve them. In spite of an increased reliance
on the cash economy, the diet, life-style, and culture of
the Inupiat dictate that the subsistence harvest of wild-
life resources will remain a way of life for a long time
to come.

As the Inupiat witness and participate in resource
exploration and development in arctic Alaska them-
selves, they are particularly concerned with the impact
of such activity on fish and wildlife resources. They
want to know exactly what is happening. What are the
trade-offs taking place between energy and economic
development on the one hand and wildlife resources on
the other? Who will bear this burden? The Inupiat sus-
pect they will, and they don’t like it.
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CONCLUSIONS

As a result of dramatically increased governmental
activity, the emerging economic self-sufficiency of the
Inupiat, and a series of restraints being imposed oh
Eskimo use of fish and wildlife resources and the land
itself, it is definitely not “business as usual” in the
Arctic. Until quite recently, the impoverished Native
population was largely ignored by those who sought
to develop their homelands, but no longer. Today, as
emerging major land owners, their cooperation is in-
dispensable to anyone who wants to tap the region’s
considerable resources, and by any measure the oil
deposits on the Arctic Slope are among the great ones
in the word.

What does this mean for the Inupiat? They know
that the environmental costs of energy exploration are
highest at the local level. These inevitable changes in
their physical environment could conceivably lead to
unavoidable social modifications. For example, in the
next 10 years several settlements of perhaps 5000
people each could evolve in conjunction with natural
resource development in the region.

The elements of resource exploitation are extremely
difficult to define. To Arctic Slope Regional Corpora-
tion and North Slope Borough decision makers, the
resource becomes as nebulous as a “higher standard of
living,” as abstract as “security” or “life style,” and
as complex as “gross national product.” The payment
or sacrifice made for the extraction of resources may
also be obscure, so the actual cash payment made for
aservice or commodity usually will not cover all social
and environmental costs.

The Inupiat have always said that their interest in
the land is fundamentally to ensure an environment
that will yield optimum health, safety, comfort and
well-being to this and future generations and will max-
imize the economic and cultural benefits of a healthy
people. A reasonable man cannot question the wis-
dom of this philosophy, but he.might logically inquire
how it may be accomplished. The Inupiat wishes to
participate in a system of environmental management
that enhances man in his environment rather than
always being based on the latest limits of technology.
Renewable resources, they insist, must be used with
cultural objectives clearly in mind. They recognize
the need for competent planning to assure real and
lasting benefits to the new economy of their lands
and are developing high-quality management, skills,
and supporting institutions to achieve this goal. Their
wisdom about the land tells them that the land must
be allowed to renew itself and retain its basic integrity,
otherwise the long fight for self-determination will be
meaningess.

The Inupiat have moved into an era of self assertion
and new cultural, political, and economic identity. The
Arctic Slope Regional Corporation and village corpora-
tions called for in Alaska Native Claims Settlement Act
have been established, and the transfer of land title
should take place shortly. Economic vitality is assured
through the monetary compensation of the act and new
development endeavors. The North Slope Borough has
been formed and political home-rule has been achieved.
It is a stirring odyssey of achievement, strength, pride,
and vigor, but important issues and problems must be
resolved before the future is assured.
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A. M. Xusox
(CLUA, Amxopuam, Aascka)

OCBOEHME NPHPOAHMX PECYPCOB
APKTHYECKHX PAROHOB AJIACKH

B Teuemme MecKOABKMX CTONETMA KOpeHhe XHTEAM apKTHYe-
cxux paRomos Asincxkn o6paGaTMBaAH 3EMAN0 M NOJAL3OBAAHCH ee
NPHPOANMMH PECYPCAMM AAN YROBAETBOPEMHA CBOMX MKHINEHHMX
norpe6nocref, 0aNaKO, WTOOM COXPaHHTD CBOK HALHOHAAMMYIO
KyasTypy W olecneuuts OyRyuiee cBOEro NAPORE, ONH JOJMNM
Obiin MPHMATS TAKOE YYMAOE HM MOMATHE, K&K NPaso COOBCTMEH-
nocTu Ma seman (J1. J1. Ceasxper, 1975; «®enepasvunii nosnesoi
xoMuters, 1968).

OGpertenne COOCTRENMOCTH Ma 3€MAN H NOJMYHEHHe ACHEMHHX
ROXOZ0B MDHBEAN K 3INAYHTEALHMM COUHANLHO-IKOHOMHYECKHM W
TEXNHYECKHM HIMEHENHAM, HO HHYMHMATM CYMENH COXPAHHTb CBOH
MaLHOHA/IBHNE TPAHUMH,

Hamenennn, npoucxonmsuine s apktHuecknx pafionax ANmcKH,
NACTO ABAAAMCH PEIYALTATOM AEACTBHA BHEWHHX cHA. Tax Bropas
MHPOBAR BOAHA NOKa3ana, Kaxoe 6O/blIOE H BaXKHOe CTpaTeruve-
CKOe 3IMAYEHHE HMeeT TEPPHTOPHRA HHYNMHATOB, H MOITOMY Mo BCeA
TepPPHTOPHH ANSCKH ObiIH BO3BeNeHW OGOPOHHTENbHBiE coopyxe-
NHA. [IpaBHTeBCTBO MPONONXKANO NPOABAATH HHTEPEC K 3ITOMY
paflory W B nocaesoeHHbe roAn. B peayabrate OnAH BHABAEHH
HOP&ie HCTOYHHKH N0XON0B A/IA HHYMHATOB. Y/YYWIHAOCH HX TpaHC-
noptHoe 06cayXKuBaHHe, OHJAO NOCTPOGHO MHOTO Y4eOHHX 3aBee-
HHA u Goabnuu. [loazepxumasocs camoonpenenenue o6wWHH. Me-
CTHbie MYHHUHNAJHTETH MOMNEPKHBANH SKOHOMHYECKYIO CTaGH/H-
3aumio yepes KoonepaTHBHYIO accouMauuio aNSCKHHCKHX MeCTHbIX
NPOMBICAO0B (TEPPHTOPHA.ILHAS KOOMEPATHBHAS OPraHu3aumus, 3a-
HHMAIOWUAACA NPoaaXKeR 1 NOKYNKoO#M).

Pa6otu, csw3annde ¢ pa3senkoft ckBawinm Ne 4 u nposo-
auswnecs ¢ 1944 r. no 1953 r. o6ecneunan 3aHATOCTb I yCTOMYM-
Buie 3apaCoTKil 118 MECTHOrO HAaceNeHHs Ha 1AHTEAbHOE BpeMs.
3t paboTh  cNOCOGCTBOBAAH TaKkKe CO3NAHHIO APKTiuecKof
HayuHo-HCCA€10BaTeAbCKOR 1a60paTopHil Ha Mbice Bappoy B 1947 .
il 06ecneyn. Iy 10MOAHHTENbHYI0 3aHATOCTb KOPEHHBIX KHTenef.
Kpome Toro. denepairnoe npasuTeabcTBO B3RO HA ces MHO-
roJetHee 0683aTeALCTRO OPraiH3oBaTth H3y4YeHHe Kak TIPHPOIHBIX
PECYPCOB 3TOr0 apKTHYECKOrO pafioHa TaK H ero KOpewHoro Ha-
ceaenns (Ax. C. Pua, 1971).

Oanako OCBOeHHe aPKTHYECKNX PailoHOB AJSCKH He TOJbKO
NpiHEca0 ¢ co6of BOIMOKHOCTL 3aHATL PabOTOA KOpeHHOe Hace-
Ackue APKTHKH, HO B TO JKe BPeMs, ABHAOCH NPHYHHOA 3arpAsHe-
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HMHA W QNerPafsUHH NPHPOAHOR CpeAM: 06AOMKH nycToR nopoas
paibpocans no oOwnpumm PakoNEM TYWAPM, NPONCXOAMT PBIPY-
WweHHe PACTHTEABNOTO MNOKPOBE TYMAPM, TafNHe MNOroAeTmeR
Mep3aoTH W ycHAemwe npoueccos sposwn. K xowuy 60-x rosos
BIIOTHYIO CTAN PACCMATPHBATLCA BONPOC 3ALUNTH NPHPOAHOH CPeaM
apKTHYeCKOro pafiona mcku. Kpome toro, sozpocwinfi x sromy
BPEMEHH HHTEPEC K NPHPOAHWM pecypcaM MW WX pazpaborxe
B ApKTHKE M3MEHH1 noaomenHe Hwynuatos. B caywse novepwu
HCKOHHBIX 3eMeNb HX camoonpesenenne Owa0 OM HEBOIMOMMMM.
B pesyabtate HHynHaTh BO30GMOBHAM CBOM NMPHTA3AMHA WA yMac-
JIe10BAHHEE OT MPEIKOB 3eMAH H MOCAe MNOroAeTHeA OMEecTOYeH-
HOA GopbOu npasa HHYNMHATOD, BMECTe C TPeOOBAMHAMM IPYrAX
HaUHOHA/LAWX Tpynn Ha Asncke, OMAH NPHMINAMM NyTeM H3jla-
HHA «YKaiza 06 YperyiHpOBANHH 3eMeNbHWX MPHTA3AHHA Kopen-
HEiX XKHTeaeR Aascku» ot 1971 r.

Cefivac cornacHe KOPeHHHX XHTeNefi KAK OCHOBNMX 3eM.J1eB]a-
nenbues HeOBXOHMO NPH pa3paoTke NPHPOAHHX Pecypcos pafiowa,
B TOM HYHC/Te H MECTOPOXIAeHHA HePTH Ha APKTHYECKOM CK.JI0Me,
3anacel KOTOpOfi CTOAT B uyHc.1e KpynMeAwnx B mupe. Bno.ame me-
posTHO, 4TO HedThb W ra3 OyayT o6HapymeHwM B KOJAMYecTBax,
AOCTATOYHHIX ANA peHTabeabHOR Ppa3paGoTKH, MO BCemy cesep-
HOMY pafoHy AJNACKH M MO3TOMY pa3seaka M pa3paboTka MX Mec-
TOPOXKAEHHA, BEPOATHO, TMPOAJIHTCA H B CJAeylOlleM CTO-
JeTHH.

H3amenenns okpyXaioilefi Cpelb, CBA3aHHME C H3BICKAHHAMH
1 pa3paboTKOR 3HEPTeTHYeCKHX PEeCYpcoB, HEH3BEXHO NpHBeayT H
K couMaipHHM npeoGpasoBanuaM. Hanpumep, BoamoxHo, uTO
B CJENyOllHe 1eCATh JeT MOrYT BBPAcTH HECKOAbKO mnoceaeHufi
¢ KOJH4YecTBOM XHteaed ot 5000 1o 7000 yea. B Kaxiom.

Ouenb TPyAHO onpefeinTb, KaKHe BHWIOAW NpHHECeT pa3pa-
60TKa NpHPOJAHHX PECypcoB CTPaHe W HacedeHulo. Komnencaumus
33 HaHeceHHbI NMPHPOAHOA cpele yuwlep6 TakkKe npelcTaBaseTcs
cMyTHO. DAKTHYECKAs ONaTa HATHYHLIMH JCHBTAMH 3a YCAYTH
06bIYHO He MOKPBIBACT BCIO CTOHMOCTH YPOHA, HAHECEHHOTO MPHPOA-
HOM cpelle H KOPDEHHOMY HaceJaeHHIO.

Huynnatei Hameyaior pa3pa6orath cHcTeMy 6epekHOro OTHO-
WEHHS K NPHPOAHOH cpelle M NPAaBHIBHOTO BeleHHS XO3AMCTBA.
ToabKo yMesoe NAaHHPOBaHHe OOECMEYHT peajbHble H LIHTEIbHbE
NpeuMyLlecTBa HOBOM cHCTeMbl HCNOAb30OBAHHA 3eMenb. Muynuatw
OCBAaHBAIOT METOAHW NPaBHJABLHOTO BEJEHHS XO3AACTBA, FOTOBAT AR
3TOr0 Kajapsl H CO31ai0T cneuHa’vHble yupexaenns. Hx pasymuni
NOAXOA K HCMOJAb3OBAHHIO 3eMJH Cnoco6CTBYeT BO30GHOBJIEHHIO H
COXpaHeHHI0 ee OCHOBHOM 11eJIOCTHOCTH B MPOTHBHOM CJydae 3a-
TAHYBIUHECS [1€PEroBOpH 0 caMoonpereneHHH OynyT GeccMBbiC.IeH-
HBIMH.
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RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC
ALASKA — IMPACT ON FISH AND WILDLIFE

David R. Klein and James E. Hemming*

In arctic regions fish and wildlife resources have
traditionally been the basis of support for the people
living there. Now, with the accelerated exploration
for petroleum products and minerals in the Arctic and
the subsequent development of exploitation processes,
there are new pressures being placed on fish and wild-
life populations and their habitat.

The discovery of large reserves of crude oil and
natural gas at Prudhoe Bay, Alaska in 1968 brought
increased attention to the Alaskan Arctic as a new
source of energy which could help to meet the large
requiremen’s for industrial and civilian use in the
United States and help to lessen dependency on
foreign oil.

The Prudhoe Bay oil field is now being developed
and the Trans Alaska Oil Pipeline is over half com-
pleted. Plans are underway to build a gas pipelinc to
provide Prudhoe Bay natural gas to American con-
sumers and there is widespread exploration for new
oil fields throughout the Alaskan Arctic both on land
and under the adjacent seas. Changing land status in
Alaska as a result of the Alaska Native Claims Settle-
ment Act of 1971 has also brought increased oil
exploration to the new native-owned lands. Addition-
ally, the federal government has recently adopted a
policy of increased oil exploration and development
on federally owned lands in Alaska and on the ad-
jacent outer continental shelf.

This greatly increased scale of petroleum explora-
tion and development in Alaska has brought with it
many new and widespread influences on fish and wild-
life resources. Qil exploratory activities are widely
dispersed and of short duration in any one area, and
are carried out with a minimum of advance pianning.
Consequently, it is difficult for state and federal
government authorities to provide the necessary
surveillance to ensure that the exploratory activities
do not create unnecessary damage to the land and
waters and to fish and wildlife populations. Of major
concern during exploratory activities are the use of
tracked vehicles on the tundra in summer which causes

scarification, erosion and stream siltation; use of > ¢
plosive charges near fish spawning gravels; fuel oil or
waste oil spills into waters where fish or birds may be
threatened; winter depletion of water through pumping
from pools in rivers and streams where fish are con-
centrated; disturbance to nesting raptors, waterfowl
and other birds and to caribou (Rangifer tarandus),
mountain sheep (Ovis dalli) and other large mammals
during and right after the birth of young; improper
disposal of garbage at field camps which leads to
problems with bears and other carnivores; harassment
of large mammals and nesting birds by low flying air-
craft; and mining of gravel with subsequent siltation

or destruction of fish spawning sites. Poaching of game
and illegal taking of raptors for falconry are also com-
monly associated with oil exploratory activities.

At the present time damage to wildlife habitat
through oil exploratory activities has been greatly cur-
tailed through the establishment of state and federal
regulations prohibiting the use of tracked vehicles on
the tundra in summer; requiring permits for gravel
mining and for the use of large amounts of fresh water
for field camps or exploratory drilling and through the
increase of surveillance activities. On the large Naval
Petroleum Reserve No. 4 (95,000 km?) an environ-
mental impact statement is being prepared as a basis
for assessing the extent of environmental impacts
which are expected as a result of extensive oil ex-
ploratory activity and to provide for the development
of regulations to minimize these impacts; however,
exploration has already begun before the completion
of the impact statement. The U.S. Congress has also
recently transferred management responsibility for
this vast area from the U.S. Navy to the U.S. Depart-
ment of the Interior in recognition of the importance
of the fish and wildlife and other resources that exist
there in addition to oil and natural gas. The state of
Alaska has also established the policy of requiring
environmental impact assessments prior to any large
scale exploratory activity on state lands.

* Leader, Alaska Cooperative Wildlife Research Unit, University of Alaska, Fairbanks, Alaska; Joint State/Federal
Fish and Wildlife Advisory Team, Anchorage, Alaska, respectivel
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In cases where damage is done to the surface vegeta-
tion, which may lead to erosion, restoration through
revegetation or other procedures is required of the
responsible company. In addition, fines have been
imposed on companies which have violated environ-
mental regulations governing exploratory activities.

Development of oil and gas fields after their dis-
covery creates many problems for fish and wildlife
different from those associated with exploratory
activities. During development, construction activities
are localized and are normally preceded by intensive
planning. This provides for time to carry out initial
studies to assess impacts on fish and wildlife and to
provide for the development of stipulations to protect
fish and wildlife values or to minimize the impact of
constructior. activities.

In the case of the Trans Alaska Pipeline there was
an intensive environmental assessment made of the
project and comprehensive sets of environmental and
technical stipulations governing construction were'
developed by both the federal and state governments

before authorization was granted to begin construction.

This preliminary work required that numerous studies
be done to provide information on the distribution,
abundance and movements of fish and wildlife and
their habitat requirements. Additionally, in some
cases experimental work had to be undertaken to
determine the effects of certain construction activities
on fish and wildlife populations. These involved
studies of the reaction of caribou to various pipeline
construction modes, of the swimming ability of fishes,
of the reaction of animals to low flying aircraft, etc.
On the basis of the preliminary fish and wildlife in-
vestigations the planned locations of construction
camps, airports, pumping stations, communication
sites, gravel pits and access roads were in some cases
modified to minimize direct impacts to fish and wild-
life. This included moving communication sites away
from raptor nesting cliffs, rerouting of the pipeline
and haul road away from mountain sheep lambing
areas and fish spawning areas, and location of gravel
pits where impact on fisheries could be minimized or
to enable the abandoned pits to be flooded and de-
veloped for fisheries production.

Approximately 72% of the pipeline route is on
federal land and most of the remainder is on state
land. Both the federal and state governments estab-
lished special agencies to oversee the pipeline con-
struction to ensure that environmental and technical
stipulations are being met and to provide for assistance
to the construction companies in solving problems en-
countered in the field. There are approximately 160
people involved in pipeline surveillance work, including

117 federal and 43 state. These include a joint team of
federal and state fisheries and wildlife biologists who
work together along the pipeline and coordinate their
activities with the central offices in Anchorage.

Fisheries problems of pipeline construction

Construction of the pipeline across streams was pro-
hibited during fish spawning and migration periods and
a 100-meter buffer of undisturbed vegetation was
required along all water bodies. This proved to be
inadequate and because of siltation from denuded stream
banks, chronic water pollution problems associated with
construction camps and the frequency of fuel spills in
the camp areas, a 450-meter buffer zone is now recom-
mended to protect aquatic resources.

More than 1600 stream crossings will be made on the
pipeline project and most of these streams support fish
populations. On small streams, culverts or low water
crossings (fords) were initially used on the pipeline
workpad; however, the culverts often increased water
velocities so that fish could not pass, and they would
often ice up in winter and wash out during spring
runoff unless special fuel oil heaters were used to keep
them open. It was found that grayling (7hymallus
arcticus), one of the most common fish in streams along
the pipeline, could swim against water velocities of up
to 1 meter per second; however, the construction com-
pany chose maximum culvert velocities of 1.2 meters
per second as its design criteria. Grayling, however, can
apparently accommodate up to a five-day delay in their
spawning migration before reproduction is affected. At
low water crossings coarse r« :k was laid on the stream
bed to support vehicle traffic, but in most cases this
proved inadequate to prevent excessive turbidity down-
stream of the crossings when heavy construction vehi-
cles were being used. It is now recognized that bridges,
while initially more expensive, require less maintenance
and pose fewer threats to fisheries.

Several pipeline crossings of rivers were completed
in winter when water flow rates were low; however,
removal of ice to allow ditching in some cases required
blasting because of failure of ice cutting equipment.
Concern for eggs of king salmon (Oncorhynchus
tshawytscha) and whitefish (Prosopium sp.) in gravels
in the adjacent river necessitated using numerous
small blast charges without simultaneous detonation,
rather than large explosions, to prevent settling of the
gravel and consequent destruction of eggs or young
fish in the gravel, or the stimulation of premature
hatching of the whitefish eggs.

During initial stages of pipeline and haul road con-
struction improper mining of gravel took place within
active flood plains, resulting in rechannelization (Fig. 1)




Figure 1. Channelization of the Dietrich River in the Brooks Range for the convenience of road and pipeline con-
struction has led to accelerated bank erosion, stream siltation and excessive stream velocities, all of which have
negative effects on fish spawning and migration.

and changes in stream hydrology with attendant re-
duction in the productivity of aquatic organisms,
siltation of downstream areas and the creation of
velocity barriers to fish movement. Since approxi-
mately 52,000,000 cubic meters of gravel will be re-
quired for the project, it was apparent that stronger
regulations governing gravel mining were required
(Fig. 2). Both the state and federal governments
now require that each gravel mining request include
a site description, excavation plan, drainage design,
work schedule, location of waste disposal sites,
quantity to be mined and rehabilitation procedures.
In winter in the Arctic and Subarctic there is often
a very limited supply of potable water for use in con-
struction camps. Direct pumping from major rivers
is often the only practical method of obtaining water.
Problems were encountered when large volumes of
water were removed from poois beneath the river ice

where resident fish species are concentrated in winter.
Fish may enter the pumps if intakes are not properly
screened and, where water is limited, the drawing
down of the water may result in death of the over-
wintering fish.

Because of the low flow volume of northem rivers
in winter and their low dissolved oxygen content,
the disposal in them of even secondary treated
sewage effluent may cause serious damage to aquatic
life. Biological sewage treatment plants were first
used in the construction camps but they proved to
be largely unsuccessful and were replaced by physical/
chemical treatment units which, although still not up
to the standards desired, were able to handle higher
organic loading and fluctuations in hydraulic loading
while producing effluents more closely approaching
prescribed levels.




Figure 2. The mining of large amounts of gravel for pipeline construction poses threats to fisheries and often
destroys riparian habitat for mioose and other wildlife. The use of sheets of rigid polyurethane foam to insulate
the underlying tundra has resulted in substantial reductions in the amount of gravel required for workpad con-
struction.

Wildlife problems of pipeline construction

When the Trans Alaska Pipeline was initially pro-
posed, biologists expressed concern over the possible
influence of a large diameter pipeline on the move-
ment of caribou and moose (Alces alces). Studies by
the Alaska Cooperative Wildlife Research Unit re-
vealed that caribou react negatively to an elevated
pipeline and cross under or over aboveground pipe-
lines in numbers only when being harassed by insects.
The Alaska Department of Fish and Game found that
moose will move under elevated pipe of suitable height
above the ground. In order to obtain relatively free
passage of large mammals special criteria for crossings
were prepared. In areas occupied by moose and bison
(Bison bison) it was considered necessary for the mini-
mum clearance between the ground and the bottom of
the pipe to be 3 meters at special crossings. These

crossings were a minimum of 18 meters wide and were
located at traditional animal crossing points and at
intervals of approximately 600 meters. Where passage
for caribou was necessary, burial of the pipe was con-
sidered the only procedure which would allow free
passage of caribou although it was recognized that
some caribou would pass under an elevated pipe ap-
proximately 2 meters above the ground. Where
permafrost containing large amounts of ice occurred,
it was necessary to provide special mechanical refriger-
ation of the buried pipe to insure its integrity in the
soil. Each of these, however, requires a special build-
ing with motors and pumps and they are very costly.
The pipeline company was therefore very reluctant to
provide such special crossings for caribou. Two of
these special buried and refrigerated caribou crossings,
averaging 3.1 kilometers in width, were constructed.
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Figure 3. Bears have been a continuing wildlife problem at the pipeline construction camps. Even with proper
garbage disposal, including incineration, food handouts by workers habituate bears to the camps which usually
leads to their destruction.

Additionally, 23 short buried sections 20 meters in
width, and supported by adjacent aboveground sec-
tions, were provided, but these were not considered
by biologists to be wide enough to provide for the
free movement of large numbers of caribou. It should
be noted, however, that of the total pipeline, approxi-
mately 230 kilometers will be buried where gravels or
other stable soils exist and many of these buried
sections coincide with caribou and other large mam-
mal movement zones. A total of 458 large mammal
crossings have been included in the design of the
pipeline, and after construction these will be moni-
tored to evaluate their use by wildlife.

In several cases requests for mining of gravel or
other materials were denied because of the possible
impact on wildlife. This happened when the proposed
material sites were located adjacent to peregrine falcon
(Falco peregrinus) nesting areas (an endangered species
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in the United States), within mountain sheep lambing
areas or where mining below the water table would
result in permanent loss of riparian vegetation of pri-
mary importance to moose in winter.

Direct feeding of animals by construction workers
and attraction of animals through improper handling
of waste food material has been a serious problem
during pipeline construction. The animals involved
have been the black bear (Ursus americanus), grizzly
bear (U. horribilis), wolf (Canis lupus), arctic fox
(Alopex lagopus), red fox (Vulpes fulva), arctic ground
squirrel (Citellus undulatus), glaucous gull (Larus
hyperboreus) and raven (Corvus corax). Although
regulations require prompt incineration of waste food
material at construction camps and provide for disci-
plinary action against workers feeding animals, through
carelessness and disregard for regulations, animals are
regularly attracted to the construction areas (Fig. 3).




Figure 4. This pipeline worker offering food to a wolf in the interests of photography is both breaking the law
and leading to the degradation and possible death of the wolf.

This leads to potential hazards to the animals as well
as the construction workers. Animals accustomed to
being fed are often killed when struck by vehicles on
the road system or they become prey for poachers.
Bears often cause damage to buildings and equipment
or pose threats to the workers and have to be des-
troyed. Rabies was expected among the foxes and a
few workers were bitten while feeding them. As yet
no rabies has been found in animals along the pipe-
line but an outbreak of the disease could pose a
serious threat to the wolves and lead to the wide-
spread killing of foxes.

There is some evidence that feeding may alter
seasonal behavior patterns and normal migratory
movements. Grizzly bears receiving food at construc-
tion camps were observed to remain active for up to
a month after their normal denning time and glaucous
gulls remained near construction camps on the tundra

until late November instead of migrating south in
September as is normally the case.

The wildlife feeding problem can be greatly cur-
tailed if all garbage facilities are fenced and waste
food is promptly incinerated at construction camps.
Buildings should also be skirted so that they cannot
be used as shelters or for denning purposes. Education
of workers about the dangers of rabies and possible
injury through feeding of animals as well as the harm
done to the animals is also helpful but this must con-
stantly be reinforced in the camps. The interest in
photography and apparently the psychological satis-
faction involved in animal taming tend to override
concern for the well-being of either the workers or the
animals (Fig. 4). Unfortunately the tamed animals
are degraded in both an aesthetic and ecological sense.

Studies in the use of emetics to discourage bears,
wolves and foxes from accepting food from humans




Figure 5. Dust blowing from the pipeline haul road in late winter and spring causes premature snow melt on the
adjacent tundra. The exposed vegetation is an attraction for caribou and migrating waterfowl and results in early
nesting of some bird species. The ecological consequences of this phenomenon are not understood.

have had limited success. Lithium chloride (LiCl) was
offered in food items.

Control of ground and air traffic was necessary
under some circumstances to avoid harassment to
wildlife. This included a restriction of all ground and
air traffic within 800 meters of known peregrine falcon
nests from 15 April to 15 August. Similarly, construc-
tion of the pipeline haul road in 1975 was restricted
in the Brooks Range during the mountain sheep lamb-
ing period. Studies of the reaction of caribou to low
flying aircraft indicate that flights below 100 meters
can result in physiological stress and injury while flights
over 150 meters usually do not cause reaction by the
animals. As a result minimum flight levels have been
prescribed for aircraft over animal concentration areas
such as caribou calving areas, mountain sheep winter
concentration and lambing areas and moose wintering
areas.

Numerous additional fish and wildlife problems
have come to light during the construction process
which may have long-lasting ecological consequences;
however, additional studies are required to monitor
the changes which may take place. One such problem
is the early snow melt on the tundra adjacent to the
haul road as a result of dust blowing from the road
onto the snow (Fig. 5). The early exposure of vegeta-
tion attracts caribou, watertowl and other birds to
feed and in some cases early nesting is associated with
high nest failure. Oil used to control the dust on the
road has also been carried onto the adjacent vegetation
in road spray during wet weather (Fig. 6). The possible
effect of this oil on the plants or on the animals feed-
ing on the plants is not known.

The pumping stations for the pipeline south of the
Brooks Range will each release into the atmosphere
approximately 450 tons of sulfur dioxide and several
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Figure 6. Oiling of the pipeline haul road to control road dust has resulted in the dispersal of oil, mixed with silt
and water in road spray, onto the adjacent tundra downwind of the road as shown here. The consequences of
the oil on the vegetation and the animals feeding on it are not known and should be the focus of investigations.

times that amount of nitrogenous products each year.
Studies are just being initiated to assess the effects of
the fallout of these pollutants on vegetation and par-
ticularly on lichens which are so important as food
for caribou in winter.

Of concern in the future is the impact to be felt
on fish and wildlife if the haul road from the Yukon
River to Prudhoe Bay is opened to the public upon
completion of pipeline construction. Fish and wild-
life populations in arctic regions do not have the
productive capacity of similar populations further
south and they will not be able to withstand intensive
recreational and subsistence fishing and hunting. At
the present time, during pipeline construction, the
Alaska Board of Fish and Game has closed the entire
pipeline corridor north of the Yukon River to hunting
and fishing. Currently, the state of Alaska is develop-
ing policy to govern the use of the road in the future

to
o

and this may include restricted use by the public but
with continued industrial use for oil field development
and to facilitate the construction of a natural gas pipe-
line from Prudhoe Bay across Canada or to a southern
Alaskan port.

The Trans Alaska Pipeline is the largest construction
project ever undertaken and it is being built in a northern
environment previously unaltered and rich in fish and
wildlife resources. Because of the magnitude of the pro-
ject, it is inevitable that its impact on fish and wildlife
resources will be great. On the other hand, because of
the long period of advance planning involved, the de-
tailed studies undertaken and the active participation
of both the state and federal governments in the de-
velopment of environmental stipulations, the impact
of the project on fish and wildlife resources will be
minimized. Although numerous problems with fish
and wildlife resources have developed, no similar
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project has ever had such close scrutiny by biologically
trained observers. The project itself is also the source
of much needed information on pipeline construction
in arctic and subarctic environments.

. P. Karain
(CLUA, ®sp6enke, Ansicka)

HA. E. Xemmunz
(CIUA, Aukopuax, Ansicka)

PA3PABOTKA MPUPOAHDBIX PECYPCOB
U CBA3AHHDBIE C HEA NPOBJIEMbI OXPAHBI
OKPY)XAIOIWLEA CPEAdbI B APKTHYECKOHA AJISCKE.—
BO3JEACTBUE HA Pblb U AHKHUX )KHBOTHbIX

3TOT NOKJAAan NOCBSllEH, B OCHOBHOM, BOMpOCaM BJHAHHSA pas3-
pa6OTKH He(pTSHBIX MECTOPOXKIEHHH Ha PbI6 H JHKHX XKHBOTHBIX
apKTHYECKHX PaitoHOB AJISICKH.

OGcyxnaercst BO3/IeHCTBHE KPYNHBIX CTPOHTENbHBIX OOGBEKTOB,
HACOCHBIX CTaHiuil, aIponopTos, HedTenpoBOAOB, CPeACTB coobilie-
HUS, MECT XpaHEHHsi MaTepHaJIOB, CBAJIOK H JOPOT Ha HeKorja /1eB-
cTBeHHyl0 mpupoay TtyHApe. Oco6oe BHHMaHHe oOpailaercsi Ha
MoCJ/eICTBHSA cJeaylolHX GaKkTopoB:

— aKTHBH3alHH H33€MHOro W BO3JYILIHOrO TpaHcnoprta, 106bluH
rpaBHs, NpoOBeJeHHsi JOPOr H TPaHCANACKHHCKOro Hedrenposoia
B MecTax HepecTa pbi6bl, FHe3/I0BaHHA NTHIL H OTEJa KOMBITHBIX;

— 3arps3HeHHsi BOJAbl CTOYHbIMH BONAMH, HEQTHIO H HJIOM;

— HepalUHOHAJbHOrO OTHOLIEHHS JI0Jed K JIHKHM JKHBOTHBIM,
06YCJIOBJIEHHOTO HENPaBHJbHBIM XpaHeHHeM OTOpPOCOB H KOpMJe-
HHEM XMUIHHKOB; ]

— HapylleHHs nyTefl MHUrpalHH pbi6 H JHKHX XHBOTHBIX CYLUH,
BbI3BaHHOE CTPOHTEJILCTBOM JI0pPOT, NpoBejeHHeM TpyGonposoaa i
JIBH)XXE€HHEM TpaHCnopTa,

— BO3/eiicTBHSI 3a60pa NMUTLEBOM BOABI H BOJbI, HCMOJb3yeMO#
B CTPOHMTE/IbCTBE Ha MONYJALHH 3UMYIOULHX PbIG;

— BO3/eAICTBHA pa3JHBlUeficA HepTH Ha TpopHuecKHe uUeni,
Ha OTAeJbHble BHAbl NHKHX JXHBOTHbIX H MeCTHbie BHIAbl PacTeHHH.

Ynenserca BHHMaHNe METONAM CTPOHTENbLCTBA, MPH KOTOPbLIX
nonNyAsAUMAM JKHBOTHBIX HAHOCHTCH MHHHMaJbHbA yulepl, ¢ yue-
TOM MeCTa H BPEMEHH CTPOIITEJbCTBA, KOHTPO/A 3a 3PO3Hel MOuB,
MepONpHATHA BOCCTAHOBHTEJNbHOIO Xapakrepa.

OcHOBHOe BHMMaHHe yleJfieTCsi CJAeAyIOWHM BHIAM AHKHX XH-
BOTHBIX, TaKHM Kak: coKoa cancad, 6apan [laana, kapuGy, aocb,
rojel, XxapHyc, BOJK, JIHCHUA, fiecell, a TakXe BOLOMN/aBalolUIHe
NTHUB, KyJAHKH H BOpoObHHbie. O6CYX/1alOTCA BOMPOCHl OXpaHbl
OKpyXalolllei cpeabl B pafioOHe TPaHCaASICKHHCKOro HedTenposoaa.
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COMPUTER MODELING OF TERRAIN MODIFICATIONS

IN THE ARCTIC AND SUBARCTIC

Samuel I. Outcalt and Jerry Brown*

INTRODUCTION

In the middle latitudes alteration of the ground
surface by man during the process of urbanization
frequently increases its mean annual temperature.
This effect can be produced merely by alterations of
the thermal radiational or aerodynamic characteris-
tics of the surface, even without the further effects of
heating and other industrial or domestic processes.
Thus, the effect of an urban heat island would appear
in a deserted power-off urban environment (Outcalt,
1972b).

In permafrost terrain, where the volumetric ice
content of the soil is larger than the unfrozen soil
porosity, the deepening of the annual thaw layer
(active layer), followed by evaporation or drainage,
results in collapse or differential settling of the soil
surface or thermokarst development. The effects of
poorly planned structures on the thermal regime can
thus, by the feedback mechanism of soil warming and
thermokarst formation, produce structural failures.
Even surface modifications not involving structures,
such as drainage, irrigation and clearing of timber,
can produce these effects.

In the natural terrain of interior Alaska the depth
of the active layer varies considerably with slope, ex-
posure, substrate conditions and vegetation (Péwe,
1967). In river bottoms, a thaw variation from 35
cm under black spruce to 55 cm under willows has
been reported (Viereck, 1970). An extensive review
of the relationships between permafrost conditions
and vegetation types was presented at the First Inter-
national Conference on Permafrost (Benninghoff,
1963). Linell (1973) has described the long-term ef-
fects of surface modification at a Fairbanks test site
where drainage/evaporation removed the excess soil
water created by permafrost degradation. As illus-

trated in Figure 1, the depth of the active layer in-
creased from 1.1 meters in an undisturbed spruce for-
est terrain to 4.5 meters where the forest had been
cleared, to 6.7 meters where the surface was cleared
and stripped to bare mineral soil. These effects were
produced over a 26-year period at a carefully moni-
tored test site. After 26 years the 10-meter tempera-
ture in the degrading permafrost at the stripped and
cleargd site had warmed to -0.2°C in comparison with
-0.5°C at the same depth beneath undisturbed forest.
In the same area, Berg and Aitken (1973) reported a
significant lowering of ground temperature beneath a
white-painted, asphalt-pavement compared to normal
asphalt pavement (Fig. 2). The asphalt albedo was in-
creased from 15 to 49% by the white paint.

Recent literature reviews covering the surface ef-
fects produced by snow albedo modification and snow
evaporation control by the application of monomolecu-
lar films have been compiled by Slaughter (1969, 1970).
The possibility of using snow fences to augment the
fresh water supply at Barrow village has been studied
by Slaughter et al. (1975). The effects of air cushion
vehicle passage, fire and flood, seismic lines and organ-
ic layer removal at numerous locations have been
described (Brown et al., 1969; Rickard, 1972; Mackay,
1970; Viereck, 1973; Kriuchkov, 1968; Sterrett, 1976).
In Canada and the Soviet Union systematic surface
modification experiments have been carried out in re-
cent years (Gold, 1967; Pavlov, 1973, 1975).

Planned surface modification may produce either
an increase in the active layer depth (permafrost de-
gradation) or a decrease in the active layer depth
(permafrost aggradation). In some cases degradation
is a useful modification for agricultural purposes, to
facilitate overburden removal at strip mining sites
and in the preparation of foundations. Aggradation
tends to stabilize foundations and other structures

* Professor, Geography Department, University of Michigan, Ann Arbor, Michigan; Research Soil Scientist,

USACRREL, Hanover, New Hampshire, respectively.
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Figure 1. Change in permafrost table following clearing and stripping in the Fair-
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Table 1. Summary of surface modification effects.

Efyect on active

Action Physical impact layer depth
Application of light paint or Increase albedo Decrease
dust
Application of dark paint or Decrease albedo Increase
dust
Removal of vegetation Incresse incident solar Increase
radiation
Establishment of vegetation Decrease solar radiation Decrease
Removal of organic surface Accelerated thaw Increase
soil
Snow fencing Warm winter soil Uncertain/dependent
Reduce snow-free season on snow depth and
climate
Irrigation (wet) Incresse evaporation Decrease
(coel)
Drainage (dry) Decrease evaporation Incresse
(warm)

and forms an impervious seal that prevents groundwater
movement. The types and effects of some surface mod-
ifications are abstracted in Table 1.

Snow manipulation effects are extremely dependent
upon both the local climate and the nature of the snow
cover. The evolution of thermokarst terrain during ac-
tive layer deepening is vastly accelerated at sites where
the thawing, ice-rich soil is well drained since the effec-
tive heat diffusivity of the soils during freeze-thaw is
increased by approximately an order of magnitude in
comparison with a saturated soil. This facilitates the
rapid deepening of the active layer. The soil heat thus
thaws an ice-rich zone in year 1 with a considerable ex-
penditure of energy. However, during year 2 the zone
is more rapidly thawed as less ice must be melted. The
remaining energy is available for more thaw at depth.
This type of feedback produces spectacular effects at
sites where the local surface drainage network evolved
and deepened since the establishment of permafrost in
the region. The meltwater generated by thermokarst-
ing is drained away, increasing the effective thermal
diffusivity of the newly thawed layer. Conversely, at
sites where drainage is not possible, such as wet bot-
tom-land, the available soil heat is expended on freez-
ing and thawing a soil perpetually in saturated condi-
tions and therefore an equilibrium condition between
the active layer depth and the surface modified ther-
mal regime is more quickly attained than at well-
drained sites.
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MODELING SURFACE MODIFICATION
EFFECTS

In the rapidly developing arctic and subarctic re-
gions of the Northern Hemisphere both the geomor-
phic and climatological environments exhibit consid-
erable geographic variability. The climate of these
northem regions also illustrates strong effects of both
latitude and continentality. A preliminary analysis to
examine the effects of geographic climatic variation
on the impact of soil desiccation due to drainage mod-
ification and organic layer removal was attempted for
the entire permafrost region of northern Canada by
Goodwin and Qutcait (1974). It was discovered in
this computer modeling experiment that the effects of
removal of the organic layer on the active layer depth
showed no strong response to climatic variation where-
as soil desiccation effects were strongly affected by
variation in regional climate due to the strong physi-
cal coupling between surface wetness and the surface
energy budget regime.

The interaction between climate, terrain and man
which frequently alters the thermal regime is difficult
to estimate. At Barrow, Alaska, the simulation of in-
creasing the winter snow cover by constructing snow-
fences produces some interesting nonlinear effects in
the soil thermal regime. Increasing snow depth both
shortens the period available for active layer forma-
tion and stores the heat of the previous summer in
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the soils beneath the test site. Thus at the time of
meltout, which is delayed in comparison with sur-
rounding natural terrain, the near-surface layers are
warmer than the surrounding natural terrain (Outcalt
etal., 1975).

The effects of fire have frequently been considered
to produce permafrost degradation near the northem
tree-limit. However, in northeastern Siberia a decade
after fire the permafrost has aggraded by 10-20 centi-
meters, producing what has been termed pyrogenic
tundra in regions of former tree cover (Kriuchkov,
1968).

In the Mackenzie Delta, N.W.T., there is some evi-
dence that several preceding decades of warmer temp-
erature conditions are now producing regional perma-
frost degradation and resulting thermokarst effects
and some expansion of thaw lake basins although the
present annual air temperature over the region is de-
creasing (Mackay, 1975).

In recent years excellent active layer and general
permafrost numerical and analytical models have been

developed (Smith and Hwang, 1973; Gold and Lachen-

bruch, 1973; Goodrich, 1974; Nakano and Brown,
1972; Sharbatyan, 1974). These substrate models
considered only conduction heat flow in the soil as
forced by a time series of surface temperature. How-
ever, the application of equilibrium temperature alge-
bra demonstrates that the surface temperature is

part of the answer to the surface modification prob-
lem and not part of the question (Goddard, 1975;
Goodwin and Outcalt, 1974, Outcalt, 1972a). Fur-
ther, heat transfer in the soil is the product of water
and water vapor movement as well as conduction
(Philip, 1957; Philip and deVries, 1957). The case
for wet arctic soils in which water vapor effects were
neglected but the heat and water diffusion expres-
sions are interactive has been recently modeled by
Guymon and Luthin (1974) and Harlan (1973). These
models do not treat complex ice segregation effects
which have been discussed in the literature (Arakawa,
1966, Kinosita, 1973 ; Palmer, 1967).

In addition, terrain thermal models should incor-
porate plant canopy effects even in arctic coastal
tundra, especially if detail during a diurnal cycle is
necessary for plant process modeling (Ng and Miller,
1975). Thermodynamic considerations should be in-
cluded in attempts to model heat and mass transfer
in the complex 3-phase system of a freezing or thaw-
ing soil in which ice, water and water vapor coexist

(Groenevelt and Kay, 1974). Thus, the ideal permafrost
model would have the following interactive components.

1. Surface energy budget with

a. Snow accumulation and ablation
b. Plant canopy effects
2. Soil model with
a. Coupled water, water vapor and heat flow
effects
b. Ice segregation with space geometry interactive

Recently interactive surface energy budget models of
soil surfaces coupled to soil heat, water and water vapor
flux models have been developed and tested (Sassimori,
1970; Rosema, 1974). These models are extremely
sophisticated and utilize both the details of the soil de-
sorption and unsaturated hydraulic conductivity curves
as input data.

Unfortunately the comprehensive model for perma-
frost analysis has not been developed. Therefore, model-
ing must be carried out by selecting situations which do
not require all the components of the ideal model out-
lined above. A model incorporating surface energy
transfer, snow accumulation, ablation and soil thermal
evolution with freeze-thaw was developed to analyze
snowfence effects at Barrow, Alaska, and is completely
described in a report which includes a source code list-
ing (Outcalt et al., 1975). The model was developed for
wet, poorly drained coastal tundra and thus ismot ap-
plicable for deep, well-drained sites overlying ice-rich
permafrost, or sites in which local drainage varies due
to topographic effects. That model will be referred to
as the Barrow model and was slightly modified to simu-
late wet bottomland sites in interior Alaska with poor
local drainage.

MODIFICATION OF THE BARROW MODEL FOR
USE IN THE INTERIOR ALASKA CASE

In the Barrow model surface roughness and albedo
were treated as functions of evolving snow depth. The
modified model used a specified roughness to simulate
trees, always above natural snow cover, and permitted
the soil surface albedo to be specified for each run
whilst the snow albedo was specified as in the Barrow
model. The Barrow model was further altered so that
the emplacement of an asphalt pavement could be
simulated. With some small refinements to increase
mathematical efficiency the resulting model modifica-
tion resulted in what will be called the Fairbanks model.
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CALL TSTART
(read start temp. profile)

CALL FOMO
calculate profile Fourier Moduli)
LL (]

(read weather data matrix

CALL SEARCH
(calculate surface temp.
land 9y budget P

ALL GTEM
(calculate snow/soil thermal
_profile, melt, etc.)

CALL TUNPIC
(display output thermal profile)

Table 2. Parameters for Fairbanks model.

Factor to change snowfall to simulate fencing, drifting or
removal

Surface albedo of exposed soil or asphalt surface

Surface wetness to simulate the effects of drainage etc.

Pavement emplacement to simulate the construction of a
road

Aerodynamic roughness to simulate the effects of air flow

Radiation penetration factor — fraction of incoming solar
radiation incident on forest floor which forms a product
with daily total solar radiation

This model is forced by a time series of spline, inter-
polated, mean monthly weather conditions for Fair-
banks, Alaska, to simulate the environment along the
Chena River floodplain and terraces where a flood
control project is under construction by the Corps of
Engineers. Surface modification effects on ground-
water and permafrost conditions are a source of con-
cern in this region of discontinuous permafrost. The
model operation can be visualized as an input-output
system forced on a daily basis by the smooth, splined
weather variables (incoming solar radiation, cloud
cover, air temperature-humidity, wind speed and
snowfall). These are conditioned by submodels of
the surface energy transfer regime, snow accumula-
tion, ablation and substrate thermal evolution with
freeze-thaw of soil water. The parameters for con-
ditioning the submodels are listed in Table 2. The
operation of the model is diagrammed in Figure 3.
The model output includes daily surface energy
transfer component sums, the thermal structure of
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Figure 3. Model flow chart.

Table 3. Fairbanks model decade run
characteristics.

Dark Asphalt in Subgrade Meadow. In this and all other
runs a cleared site is considered. The surface was simu-
lated as dry with winter snow removal and a meter of
asphalt and subgrade. The dark surface had a solar al-
bedo of 17%.

Light Asphalt in Open Clearing. Same as dark asphalt
with surface albedo increased to 49%.

Open Clearing (Wetj Meadow (Alass Type) Natural Con-
dition. The simulation of an open clearing with undis-
turbed vegetation and soil and 100% radiation reaching
surface. Albedo 17% with a fully wet surface (surface
relative humidity 100% or 1.00). Maximum snow depth
was $2 cm.

Open (Dry)...Mod 1. Same as previous case but the sur-
face relative humidity was set to 0% to simulate drain-
age of soil evaporation control with thin polyethylene
or similar materials.

Open (Snow Removal)...Mod 2. The same as the clear-
ing wet case except that winter snow removal was sim-
ulated.

Open Clearing (Snow Fence)...Mod 3. The same as the
wet clearing case except that maximum smow depth was
increased to 4.24 meters simulating a snow augmenta-
tion depth sufficient to produce a permanent snowfield
in simulation of the Barrow environment.

Bare soil.

Under Closed Canopy Mature Spruce Forest. Only 40%
of the available solar radiation was considered to pene-
trate to the forest floor. The site was considered fully
wet with a surface albedo of 17%. The maximum win-
ter snow depth was 53 cm.
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Figure 4. Maximum substrate temperatures during tenth-year simulation under various surfaces.

Table 4. Model response.

Bottom of  Max. active Dates of freeze

permafrost layerdepth | and thaw r
Run (m) (m) Thaw__Freeze

1 Under mature 5.3 0.93 15 May 28 Sep
spruce forest

2 Dark asphalt 4.0 1.78 13 Apr 9 Oct

3 Light asphalt 4.5 1.61 17 Apr 6 Oct

4 Open clearing 4.5 1.11 12 May 3 Oct
(wet)

S Open clearing 33 1.53 12 May 4 Oct
(dry)

6 Open clearing 5.5 1.12 20 Apr 3 Oct
(snow removal)

7 Open clearing No permafrost; 4 Jun 3 Oct

(snow fence) developed; sea-
sonal frost re-

moved

Table 5. Extremes of annual temperatures at
soil or asphalt surface.

Temperature (°C)
Run Annual max Annual min

the snow and soil, and snow depth. In the runs dis-
cussed here the aerodynamic roughness length was
fixed at 25 cm and the model was run for a period of
ten years with an initial soil temperature of +0.5°C.
This surface temperature was selected to see whether
permafrost would become established at the simulated
sites. The thermal properties of the pavement com-
plex and silt soil are those reported by Berg (1975):
the thermal radiation from the sky hemisphere was
estimated as in the Barrow model and thermal radia-
tion from the forest canopy followed the scheme of
Ng and Miller (1975).

The characteristics of the Fairbanks Decade Run
Sites are listed in Table 3. These decade runs pro-
duced the results which are abstracted in Table 4.
The details of the surface and substrate thermal re-
gime during the tenth year are abstracted in Table S.

INTERPRETATION OF SIMULATIONS

Taking a rather conservative view of the simulations
it is obvious that large perturbations of both the near-

1 Under mature spruce forest 11.0 (7.35) -20.5 (1.60) . "
3 Dark sephalt 19.7(7.02) -25.0 (1.83) surface thermal regime and the permafrost condition
3 Light asphalt 17.2 (1.12) -25.0 (1.53) can be produced by several effects which are standard
4 Open clearing (wet) 13.8 (7.12) -21.2 (1.53) in the preparation of terrain for town, roadway and
5 Open clearing (dry) 20.2 (6.99) -21.0(1.37) ; : : 55
& e dnniig Qo il 13.00L19) 045 (1,99 airport construction. In Figure 4 the profiles of maxi
7 Open clearing (snow fence) 1.8 (7.22) 6.9 (2.39) mum substrate temperatures are compared. It would
U Y ewl I umivedite. appear th.at the removal of natural snow cover is not
an effective way to develop permafrost although snow
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fencing appears to be a potent strategy for its degrada-
tion. Although permafrost aggraded beneath both the
forest and open clearings it should be noted that clear-
ing of the forest produces an increase in active layer
depth which is accelerated if the surface is dried by
draining, stripping etc. As reported in the literature,
cooling at depth occurs under light asphalt (Berg and
Aitken, 1973). The thermal effects of forest clearing
and stripping are of the correct sign but not as spec-
tacular as noted for a well-drained site by Linell (1973).
The simulations, however, represent a wet, low-lying
site where groundwater and permafrost conditions are
of concem such as along the Chena River. It is appar-
ent that considerable effort should be expended on
preventing large snow drifts from forming around
structures where permafrost stabilization is desired.

CONCLUSION

A considerable effort should be expended on the
production of the type of sophisticated soil heat and
water model discussed. This model in conjunction
with a surface energy transfer model could be refined
by field testing to simulate extremely complex geo-
logical, geographical, and environmental conditions.
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C. H. Ayrxaar
(CLUA, 3un Apfiop. Muunran),

Ax. Bpays
(CHIA, Tanosep, Heio Xamnuinp)

PA3PABOTKA PECYPCOB H NPOBJIEMbI EE BJIHAHHA
HA OKPY)XAIOWYIO CPEAY.
YHCIAEHHOE MOAENHPOBAHHWE H3MEHEHHURA
NOACTHJAIOWER NOBEPXHOCTH

EctecTBeHHbe HAH HCKYCCTBEHHBIE H3MEHEHHS Ten.a0BOro pe-
KiIMa NOBEPXHOCTHOTO CAOA MHOrOJETHEN Mep3A0THl MOTYT Bhi3bl-
BaTh ee 3POIHI0 H MAl0 3aMeTHble H3IMeHeHWHst MopdoJaoruu. Pai-
JHUHBIE (1POLECCH, KOTOpble 06YCJI0BAHBAIOT MOHHMKEHHEe Temnepa-
TYPH 3eMHOA NOBEPXHOCTH, NPHBOAAT K 06PA30BAHHIO MHOro.AeT-
Heil MepaaoTh, 2 (QaKTOph, KOTOPHIE CNnocoBCTBYIOT MOBBILLEHIO
TEMIEPATYPH 3eMHOR NOBCPXHOCTH, BHI3WBAKOT NPOTaHBaHHE MHO-
roeTieir Mepaaorel MoreaMpoBanie 3THX NPOLECCOB ¢ NOMOULLIO
KOMIBIOTEPA H NMOCJeNYIOIHE aHaaH3bl MOTOKOB TeNJAa HCnoAb3y-
fOTCH [Af OMPENeNCHHS KPATKOBPEMEHHBIX H 10.JrONEPHOAHBIX H3-
MEHCHHI MHOTOIeTHER Mep3J10TH.

_B TeUEHHE HACTOSLLErO AECATHACTHS TeOPHS Nepelayn TenJo-
BOI sHePriH Ha 3€MHYI0 NMOBEPXHOCTb M TenJoBble MPOLeccHl, Mpo-
HCXORAULNE BHYTPH Hee ObIH H3YYEHB 10 TAaKOM CTeNEeHH, YTO
€140 BO3MOXKHBIM MOJEJIHPOBAHHE C TOMOIILK) KOMMbIOTEpA 9BO-
JIOUHH TeNJa Ha rpaHuile NMOBEPXHOCTH — B noanouse. TenaoBofi
PEXiM 3EMHOR NOBEPXHOCTH 3ABHCHT OT MECTHOTO PeXHMa Moroibi
H CBOWMCTH NOBEPXHOCTHOrO CJAOf H MOANOYBbL.. Heo6XxoAHMbIMH Me-
TEOPONOrHYECKHMH CBEAEHHAMH I 3THX Mole’deli ABJAAKTCA aaH-
HEIC O COTHEYHOR PainaunH, 06.1auHOCTH. TemnepaTypbl BO3ayXa,
BJAAKHOCTH, CKOPOCTH Betpa M atmocheprom jtapiaennn. Heo6xo-
Anmas reorpaduueckas uHQOpMauHs BKIoYaeT anb6eno 3em.aH,
AIPOAMHAMHYCCKI  KOIPOHUHEHT ePOXOBATOCTH, KOIDDHILHEHT
YBAGKHCHHA NOBEPXHOCTH H TENJoBble XdPAKTEPHCTHKH MOANOYBbI.

Goaee HOBBIX MOREAAX VUHTBIBAWTCA TAKIKE HIMEHEHHS KOJHYE-
CTBa BOIW N TENIA B NOYBE H NPOUECCH 3AMCPIAHUS H TasHHSA.

B teuchue HECKOABKHX J€T npuMeHsanch u JApyrie  Moneu,
B KOTOPLX HCHOAL3OBAIHCH J8HHBIE O CHCTOHAKONICHHH H TastHii.
B uux pacematpuBaanch Takke CPEIHECYTOUHBIE METEONAHHBIE
(C " ,-l\)na.\v W ap, 1975). B 3TuX MOZesAX npHMensiercs 3a-
KOH COXpAHEHHS MOBEPXHOCTHOM SHEPrHi. B KOTOPOM CcyMMapHast
OCTATONHAR painauns (Rn): notok NPSAMOI coIHEUHOM RERUERUL
(S), notok akrusuoro tenaa H wu notok ckpuitoro rtenaa E no
HANPABACHWIO K NOBEPXHOCTH JI0NKHBI PABHATHCA RYIO0:

Rn+S + H4-LE=-0. (1)
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Ypasnenne (1) mommuo npeo6paiosaTs » pspamenne (2), nau
noGasuth naKuse o reorpaduyecxoi G w wmereoposorusecxoh W
HHPOPMALHH, 8 TakXe O Temnepatype 3emmnoh nosepxmocrn T:

(W, G, T)+S(0, N)+H(W, 0, NHLE(W, 0, T)=0. (2

Ecan nasectHa BCs METeOPOAOrHYECKas w reorpaduueckan mm-
dopMauns, To ypaBHeHHe 2 ABAAETCA HeAHHeAHBM TpaHCUeneNT-
HBIM YpaBHEHHEM TeMNepaTyphi 3eMHOA NMOBEpXHOCTH, H COOTBETCT-
BYIOLLHE YHCAEHHBlE aJrOPHTMB HCNOAL3YIOTCA ANA HAXOMAEHNN
yKa3auuoh temnepatypsl. [loanousenusifi Tennosof pexum Mommo
BHYHCIHTDL € NOMOUILIO YHCAEHHBIX peleHHfi napaBboaAHYeCcKHx nap-
UHaAbHbLIX NHPGEpeHUHAIbHEX yPaBHEHHA, OMHCHBAIOUIKX 3BOAID-
UHIO MONef TeMnepaTyph MOYBW H coaepmaHWf BoAH. Takum 06-
PA30M, 3BOMOUHA TCMNEPaTypsl MOUBH 7 B KAKOM-TO MECTe MOXeT
ObiTh BbipaXeHa KaK (QyHKUHA BpeMeHH !, rayOHHW 2z H KOIDDH-
UHEeHTAa TCpMIN(‘CKOfi NMPOBOJIHMOCTH:

oT /0 =ao0*T /022, 3)
Ipn  npoueccax 3aMep3aHusi—TasiHHA  CJAeIyeT OTMETHTb,
410 KO3((HUHEHT TePMHYECKOH [POBOIMMOCTH CaM  ABARETCH

GyHKUMel TeMnepaTypi, Takum 06paioM, ypasiieHHe 3 CTaHOBHTCA
HEHHERHBIM . ITOI0 MOKHO HIGEAKATH HYTeM RBCICHHA COOTRETCT
BYIOWEro KO3hGHUHCHTA TCPMIHECKOR NPOBOIHMOCTH NPH KAKI0M
pelleHHi ypaBHeHHS, T. e. NPEeBPATHTL ypaBHeHie 3 B AnHchnoe

OnHoMepHbie MOTECIH ITOIO THNA HCNOB3YIOTCH

1) aas onpencieHus BeanuMHbl CyTOUHOro O6pa’loBanys Ibla
Ha 3eMHOH NOBEPXHOCTH.

2) nas M3yueHHs BAMSHIS [OOBHIX TENJOBHX PEKHMOB CHera
Ha nousbl B Bappoy (Aasicka)., 4To Heo6X01HMO AR NONWTKH
YAYYWITL [OPOACKOE BONOCHAGAKEHHE 33 CYET CHETOHAKOMICHNS,
3) 1as HCCICI10BAHHA H3IMEHEHHS KOAHUECTBA CHeAKHLX Ha-
HOCOB; :

4) a5 HIYYEHHS MOCTEACTBHA YHHYTOKEHHS J1eca, 1peHaxa M
06pa6oTKil MOBEPXHOCTH B DIpGerKce B TeueHHe HECKOILKUX e
CATHIETHH.

Mozneanposanne yBeanuenns Bucotel ciera 20 2,7 m aaa Bap-
POy 10Ka3aa10, 4T0 CHeAHBIA NOKpoB OyleT COXPAaHATLCH B yKa-
3aHHOM DAOHe 10 KOMILA MIOAH. ITH PACUeTHBIE 1aHHBE XOpOoWwo
COraacoBancL ¢ pesvibratamu Hab 0 1eHI. BHCOTa cHEra Boille
4.2 M NpHBOIHT K MOCTOSHHOM\ CHeroHakonienino Moaeanposa-
dHE Havana pPAHHEro TASAHHA CHera B FYCTO HACeAEHHBLIX ApPKTHYe
CKHX P:’Il‘!()llil.‘( MMOKAa3a.10, 4TO HAYA10 DAHHETO TAAHUA CHEra 3apu-
CHT B GOIBIIEH CTENEHH OT YMEHbIICHITR BeIHUMHBL aabbe10, uem
OT YBEAHUECHHS a3POHHAMHYECKOTO  KO3QDHUKCHTA  WepoxoraTo
CTH. pL‘J)'.H.T-’HN ITHX W Apyrux \MI:-.II!]N)HJMM H COnPeMeHHbEe
TEHACHUIN B 3TOM Hanpapaeuuit 6VIVT Noapo6Ho oBCyKIATHCA i
3aTEeM ﬁy.'ll'l 1aH l)()hb]! TEXHNHCCKOH _1"1'{'.'Y\;‘H no (Y]"D.T‘.; M
YKA3aHHbIX MO1e1ei
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RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC ALASKA
Highway Planning and Problems

Walter B. Parker*

Highway construction in northern and central
Alaskz must use several different techniques to solve
the problems encountered across the major physio-
graphic regions. Experience with recent oil and gas
development thus far has shown that permanent ali-
weather roads are a necessary adjunct of development
wells, installing gathering lines, and providing the
necessary pipelines to the nearest market or deep water
port. Such roads are probably going to be necessary
until the major logistical requirements of the mineral,
ail, and gas provinces are met. Thus, roads will be
necessary in relatively unpopulated areas and may be
of limited further use once the mineral resources of a
particular province are exhausted. In order to keep
the development costs of Arctic resources within rea-
sonable bounds, it is necessary that these develop-
mental roads be constructed at minimum expense
while maintaining a high degree of protection to the
environments they encounter.

For the purposes of the road builder, northem and
central Alaska can be divided into four major regions,
namely, wet tundra which encompasses the Arctic
coastal plain and other lowlands throughout the re-
gion; dry tundra which covers the foothiils of the
Brooks Range and other alpine areas throughout the
state; wet taiga which is characterized by a predomi-
nance of black spruce and is found in poorly drained
areas, north slopes, and low-lying areas within interior
Alaska and is generally underlain by permafrost; and,
dry taiga which is forested by mixed deciduous and
coniferous species and generally occupies the well
drained soils and south slopes of interior Alaska.

Different permafrost regimes are encountered in
each of the above regions. Generaily the farther south
one proceeds, the warmer are the permafrost tempera-
tures and the permafrost becomes discontinuous and
sporadic in nature. Unstable frozen soil conditions
can be encountered in all of the above regions, and
determining their specific locations is a difficult task
even for engineers and geologists with years of experi-

ence in building roads on permafrost. Realizing this,

a - ate soil logs have been maintained on most Alaskan
roads «ver along period of time. Interpretation of this
information and that gained from construction of the
Trans-Alaska oil pipeline and its accompanying road
system will hopefully expand our ability to locate per-
mafrost without extensive and costly boring programs.
There is now being developed, new technology tolo-
cate permafrost using air photos and seismic techniques.
Nevertheless, it is the areas of warm and discontinuous
permafrost that present the greatest problems and that
are least susceptible to engineering solutions which are
adequate for the areas of cold contir :aus permafrost.

Road building in the wet tundra requires large
amounts of gravel which can be reduced if special in-
sulation techniques are used. In the Arctic lowlands,
the most desirable and environiaentally acceptable
major sources of gravel are in the floodplains of major
rivers, and to less extent, from beaches and barrer is-
lands along the coast. Any road built away from these
sources is extremely expensive as gravel hauls of over
ten miles are often necessary.

Recently there has been considerable experience
utilizing expanded polystyrene and other insulations
to replace gravel. These roads have not been in place
long enough to assess their ability to withstand con-
tinued, heavy traffic. However, first indications are
that if the insulated area is carefully bedded over
gravel that is screened to insure that rocks large enough
to break the insulation boards are not present and if
gravel of the same quality is used for the covering
layer, this solution offers much promise.

Whether using gravel as an insulator or a combina-
tion of gravel and insulation, the old adage that the
tundra mat must not be broken in tundra areas under-
lain by permafrost still holds true. Experiences thus
far in burying utilities adjacent to roads built on top
of the tundra have not been proven successful. Ex-
treme care must be exercised to insure that the ther-
mal regime of the road prism and its underlying

* State Co-chairman, Joint Federal State Land Use Planning Commission For Alaska, Anchorage, Alaska.
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permafrost is not threatened by an adverse thermal
condition induced by adjacent construction activities.
Thus, the concept of utilizing common corridors for
roads, pipel.nes, and other utilities must be approached
with care and the thermal regime of each structure re-
spected. Attempting to minimize environmental dam-
age by restricting several projects to a common corri-
dor can result in a failure of all projects concerned. If
pipelines and other structures in permafrost areas are
e.evated instead of being buried, it is much easier to
confine them to common corridors along with roads.

Experience thus far with roads built in the Arctic
lowlands indicates that there are no special hydrolog-
cal problems if special consideration is given to sheet
drainage and potential icing (nalyed) formation.
Ponding can quickly affect the thermal regime of the
road adversely and extra culverts or french drains must
be utilized in many areas. The diffused drainage pat-
terns of the lowlands can make it difficult to predict
where ponding will occur unless special care is exer-
cised. Also, nalyeds are very capricious in nature and
are not predictable. Areas where they occur should
be avoided but in areas where little historic observance
is present this may not be possible.

Areas of dry tundra along the northern foothills of
the Brooks Range have proven to be deficient in gravel
sources. River gravel deposits are less abundant and
the upland material sites have proven to contain gen-
erally poor material. It is quite difficult to maintain
erosion control in these materials. Examples of this
occur along the Alaska oil pipeline in the Toolik zrea
and or. top of the Sagwon bluffs. The thaw zone
above permafrost is less stable than in the lowland
areas and there is frequently no continuous tundra
mat to overlay but only wind-deposited silts in the
valley bottoms and on lower slopes.

Drainage pattemns are, of course, better defined in
the foothills and proper location of drainage structures
is more effectively established than in the Arctic low-
lands. However. little baseline data on stream hydrol-
ogy exists in these remote areas. Road protection is
necessary at stream crossings. Armoring the roadbed,
installation of groins or dikes is extremely difficult due
to the lack of competent rock for riprap in Arctic
Alaska. Design of stream protection structures has
proven to be one of the major problems of construc-
tion in remote areas. Snowfall is. in the mountains, of
course, much greater than in the lowlands and spring
floods and washouts commonly occur.

Solifluction is common on the slopes of the Brooks
Range and other mountainous areas of interior Alaska.
In many cases this makes it necessary to establish roads
on stream terraces and valley bottoms rather than on

the hillsides. One of the most difficult engineering
problems occurs when it is necessary to traverse a soli-
fluction slope and no altemate route is possible.

In making transitions from hillsides and stream ter-
races to river bottoms, it is often necessary to make cuts
in ice-rich soils. These present significant engineering
and environmental problems, especially in those areas
where the tundra-organic mat is thin or nonexistent.
Where there is a thick tundra cover or forest mat, it
has been the practice for many years to make nearly
vertical cuts and to use the existing tundra mat to in-
sulate the permafrost. Rapid headward thermal erosion
occurs at the cut face and the organic mat falls over the
cut face thus protecting the permafrost from further
rapid thaw. When this technique cannot be used, insu-
‘ation must be provided either by rapid utilization of
large amounts of gravel or other insulating material.
Another problem in foothill areas, both in tundra and
taiga, occurs where sheet drainage on relatively steep
slopes is converted to channel drainage, or, if the chan-
nel cannot be controlled, the net result is rapid hydraulic
erosion into the permafrost layer. When the channel en-
counters a sudden change in topography. rapid headward
erosion can occur. This most commonly occurs when the
road is built along a riverbank with a relatively steep
slope on the other side. Unless one is prepared to handle
the drainage and erosion problems, these situations should
be avoided at all costs to protect other resources such as
fish.

The control of nalyeds where roads are on sidehill
slopes or in the valley bottoms is a continuing problem.
This problem changes from year to year since nalyeds
can be a major problem in one year and be scarcely pre-
sent the next. Culverts fill with ice, thus requiring ex-
tensive spring maintenance to insure that the road will
not wash out. When icings cover the road, the ice is
simply ripped and bladed from the road when their in-
trusion cannot be prevented by special techniques or by
raising the level of the roadbed. Satellite photography
is presently being employed as a means of locating areas
of large nalyed activity. Such areas will be avoided
whenever possible, but, in areas where little previous
hydrological data is available, it is often difficult or im-
possible to tell when or where a nalyed will occur.

Itis the practice now in wet and dry taiga to hold
clearing widths to an absolute minimum with normally
only one and one-half feet (0.5 meters) being allowed
for cleaning beyond the toe of the slope of the road.

This provides a much more scenic road, eliminates a

good many crosion problems, and provides more pro-
tection from snow drifting. Loss of sight distance for
traffic can be eliminated by road design which eliminates
sharp curves and excessive grade changes wherever possible.
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The large number of material and spoil disposal sites
raise environmental problems in many regions. There
are very few cases where a balanced roadbed can be
constructed of in situ materials. Replacement of gravel
with insulations has an environmental benefit and eco-
nomic impact. It is preferable to apply spoil along the
road right-of-way unless it will affect the integrity of
the road. Scattered spoil disposal sites normally re-
quire access to them, thus increasing the use of gravel.
These locations should be avoided whenever possible.

Thus far, roads built with good materials in the
Arctic have not shown intensive signs of degradation
from weathering beyond that encountered in most
arid regions. However, roads constructed with a high
percentage of fines suffer from water and wind erosion
and frost action. This has been observed among some
of the original roads at Prudhoe Bay. If a road is to be
utilized over a long period, the costs of surface stabil-
ization, either by paving or other agents, should be
considered in order to minimize the loss of the speci-
fied amount of fines through either wind or mechanical
erosion, or freeze-thaw degradation. The use of
paved surfaces in Arctic regions is undergoing reevalu-
ation as a result of the above experiences. If heavy
equipment is allowed on the roads it is necessary to
use thicker asphalt layers than in the past when a 1%-
in. (3.5-cm}interim layer was utilized. These surfaces
were expected to last ten years but they will not stand.
up to continued use by heavy equipment. Present
axle load limits in Alaska are 84,000 1b. These are
lowered dunng the spring when the roadbed is soft.
However, it has been found that continuous heavy
traffic, even at these limits, has a deteriorating effect
upon the road surface. Thicker asphait layers may be
a partial answer but the expense of replacing them is
resulting in a continual search for new altematives in
surface stabilization.

Reevaluation of all paved primary highways is un-
derway due to the great increase in truck traffic re-
sulting from pipeline and other resource extraction
activities. Since higher quality base and subgrade mate-
rials are difficult to find in situ methods must be devel-
oped to make high quality roads from substandard
materials unless the enormous hauling costs for bring-
ing in more suitable materials from distant sites can be
tolerated. It is obvious from the experience of the
Prudhoe oil field and its associated pipeline systems
that an all-weather road from an ice-free port is neces-
sary for development over the long term. Air support
will suffice during the exploratory phase but tonnages
required for development are difficult to move prop-
erly by air, especially for construction of pipeline facili-
ties. Winter roads have not proven to be a satisfactory
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expediency due to their limited season. The lack of
good port sites and heavy sea ice along the shallow
waters of the Arctic Alaska coast hinders development
of marine transportation and is the major inhibiting
factor in utilizing deep-draft vessels.

Due to the above factors, it appears that if Arctic
oil, gas, and other mineral development is to proceed,
road investments should be made based upon the term
of utilization. If it appears that a development will be
only a five-year term, then the road should be con-
structed to standards such that major seconstruction
would be zequired after five years if future utilization
is then required. By constructing roads to the term of
development, the use of gravels and other expensive
materials will be minimized and it will not be necessary
to leave expensive investments in roads and other trans-
portation infrastructure with an unutilized life after
the resource development period is ended.

In summation, cuts in ice-rich soils, especially on
sidehills and the lips of stream terraces are to be avoided
whenever possible. Road alignment should be modified
to avoid these cuts unless the long-term costs of very
expensive rehabilitation and repair will be met by the
road builder. Areas of nalyed occurrence and solifluc-
tion should be avoided which often means the utiliza-
tion of the margins of the river floodplains for road
construction. This has the advantage that normally
the best gravel sites are located in the floodplains and
it is also this type of site which is most easily rehabili-
tated. Where floodplain margins and stream terraces
cannot be utilized, it is preferable to utilize the top of
ridges in order to minimize cuts in ice-rich soils.
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B. B. Napxep
(CWA, Oxywo, Aancka)

PA3PABOTKA MPHPOAHbBIX PECYPCOB
H CBA3AHHDBIE C HER NPOBJNEMbI OXPAHDI
OKPY)XAIOIWLER CPEAM.— BO3RERCTBHE
WOCCERHLIX AOPOT

TeXHONOTrHA NPOK.IATKH 10POT B CEBEPHON H LEHTPAALHON AJR-
CKe Pa3anyHa B paiHbix pafoHax: BO BAAXHOW Tynape Apktuue
CROW NPHOPeMHON PaBHUHBLL HAH HHIMEHHOCTH. B CYXOR TyHipe
noaHoXba Xpe6ra bpynca 1 aaunuAckofl 061acTit BO BCeM wTate;
BO BIAXHOR Tafre, rie AOMHHHPVIOUIHM BILIOM ABJAETCA YepPHAN
Cab, B CYXOR Tafire, rie npeo61analoT cMellaHHbe W XBOAWHBbIe
Bl 1€pPeBbeR

B kax10M w3 37Tix PAROHOB CBOM peXiiM BEYHOH Mep3noThi.
[To mepe nNpoiBHAenis Ha 10T TeMnepatypa BEeYHOH Mep3aoThl 110-
BLILACTCR 1 CranoBiTcs 60aee NPepHBHCTOR (MPepBIBHCTAR 30Ha
BEUHON MePII0THY)

CTponTeaLCcTBO B VCJIOBIHRX BAAXKHOA TyHApel Tpebyer G6o.b-
HOr0 KOJAHYECTBA TPaBHA, €CAH HE HCNOAb3YIOTCH H30ARUHOHHbIE
aab. B apKTiuecknx 10AHHAX IIABHHA HCTOYHHK TPaBHA —
penit 1 nobepexbe. [lostomy mo6as 10pora, NOCTPOEHHAs B CTO-
POHe 0T 3THY HCTONHIKOB, 06XOAHTCA OYeHb A0poro. Onwit cTpoi-
TeANCTBA 10POF B APKTHYECKHX HIIWHAX CBHIETeAbCTBYET 06 O71-
\_\'l\1RI:H FIIPOJOTHYECKIX [IPOO.“‘M. eCcaH  J0JAKHOe BHHMAaHue
vicaseres apenaxky. HekyceTBeHHoe 3anpyxiBanue caenyer nibe-
[aTh. TAK KAK OHO He6AArONPHATHO CKA3IbIBAETCH HA TEPMHYECKOW
YCTORUHBOCTH BeUHOR Mep3J0ThI.

Ouclib MaJ0 TpaBits B CyXOft TyHIpe y CEeBEePHBIX NOAHOXKHHA.
O 1vaKo apenakubie Tpy6ul Jerye yCTAHOBHTL Yy MNMOJTHOKHA, uem
B nianiax. Coandaionitin Ha MHOTHX CKJOHAX J1eaaer Heo6Xo:li-
MOW NPOKJAAKY AOPOr B A0JAHHAX, a He Ha CKJIOHax xoamos. He-
06X0AHMO 1e1aTh Cpe3bi B MouBaX, 60OraThiXx J/bJOM, YTO MOPOXK-
1aeT cepbesnbic npobaembl, 0COGEHHO TaM, rie OpraHHYeckHi cJaof
B TyH1pe TOMKHl ian oTcyTeTByer. Tak, riae 3TOT cl0f TOACTHIA M
B TEX MECTax, rie pacTeT Jec, MOXHO NyTeM MNpPOBENEeHHA BepTH-
KAJLHBIX CPE30B MCil0Ab30BATL TOT CJOA AR H3OAAUHH BEYHOH
mepstote. B Mectax cpe3a MPOHCXOAHT 3pO3Hs, opranqucxuﬁ
CA0R nazaeT M NPeloXpaHsel BEYHYI Mep3NoTy OT aaabHelulero
TantHa

K(\urp().n, :a obaeneHeHHeM TaMm, rie JOPOrH MPOXOAAT Ha
GOKOBLWIX CKIOHAX XOJAMOB WM Ha JHe [0JHH, npeicTapiser
ceppeinyio npoGaesy  Jpenamubie Tpy6bl  HANOJIHAIOTCA AbAOM,
¥ 370 Tpe6yer GOJLUIMX 3aTPaT Tpyla BECHOH, AJs npeaoxpake-
HHA jl0por OF pasmuiBanis. Ha 1oporax, riae Heabss npeiorspa-
THTL BOHHKHOBEOHIE Hadelefl, NPOH3BOIAT CpesanHe HX 6yanlo-
,lcpu\!
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Bo BaawHOA » cyxofi Tafire WNPHHA PACYHILEHHWX YYACTKOB
NOAKHA ObTb MHHUMAALHOA. Toabko 0.5 M 104KHW ObTb pacuu-
uieHn. Hekotopbie yqacTkH, rie BeuHas Mep3JoTa He TaeT, MOXKHO
HCMONB3OBATL KaK HCTOYHHK CTPOHTEJLHBIX MaTepPHANOB, HO OObiY-
HO HCNOABLIYETCA pacTasBlUIHi rpaBuA.

Ynanenne nousw, TaK Ha3WBAEMOro OTBana — 310 npobiema Ha
Bcex yuactkax. JKeaateabwo OCTaBARTH OTBAJB Ha NOJOCE OTYYHK-
JI€HHs, B NPOTHBHOM cayuae OHH HeBNArONpHATHO OTPA3IATCA Ha
coctofHui nopor. C TOYKH 3peHHs OXpaHH OKpyXawlled cpein
rAasHoA Npo6JeMOA ABAAETCH 3HAYHTENbHOE KOJIHYECTBO YYACTKOB,
KOTOpoe TpeOyeTcs ANA XpaHeHHA CTPOMTEJNLHHIX MaTepHanos H
c6poca oTBanOB. [TPpOBOAATCH IKCMEPHMEHTHI MO 3aMEHe TPaBHA
APYrHMH H30AAUHOHHBIMH MaTepHa/JaMH THGA NEHOCTHPOJ4.

Mo cux nop aoporu, noctpoeHssie B APKTHKE H3 XOPOUIHX Ma-
TepHaI0B, He JerpaiipoBajH B CBA3H C H3IMEHEHHAMH MOro1b.
Hoporn B pafione 3aausa Ilpyaxoy pasmbiBasuce. B Hactosuiee
BpeMs H3VHAIWOTCA BO3MOXKHOCTH HCMNOJb30BAHHA CTBOI(JHJMple-
wx cpeacrs. McnoawssoBawne moutensix nopor B ApKTHke nepe-
cmarpupaercs.  Ecan  wa  goporax Gyaer TpaHcnopTHpPOBaTLCR
THAECI0€ 0()()[))‘,’10“3""& T0 Heo6XOAHMO HCNOALIOBATHL 6oaee NAOT
Hbie caou acdaabta (panee ToauMHa 6waa 3,5 cm). [Npeanonara-
J0Ch, NTO CPOK HX HCNOJb30BaHHs cocTaBHT 10 ger, HO HabGaione-
HHA NOCAEIHHX JIET N0oKa3aaH, YyTO OHH He Bbl.’lep)KHBaK)T AJHTE b
HOI0  HCNOJIL3OBAHHUSA NMPH 3IKCNAYATAUHH THAKENOro TpaHcnopra
E\‘.’IH 10pora He siBAsAeTCH MOULEHOH, TO ee MOBEPXHOCTL cJaeaver
OGHOBAATb AOBOALHO 4acTo. H3iyyaTtes HoBbie cTabHAMIHPYIOUIKE
CpeacTBa ANA PellenHs 3TOA npobaembl.

[TpoBoaHTCH OlleHKa Beex 10pOr Ha AJsiCKe, 4TO CBA3AHO C aK-
THBH3AlHERH NABHXCHHA  TpaHcnopTa, BbI3BAHHOTO [MpPOBEIeHHeM
Hedrenposona. CTPOHTEbHBIE MATEPHAABl BHICOKOrO KayecTBa Ha
MecTe HaWTH TPYAHO, H NOSTOMY AOJKHb 6uTh pa3paboTaHbl Me-
TOAbl CTPOHTEALCTBA JOPOr M3 HECTAHAAPTHBIX MaTePHAJOB.

OnbiT pa3pa6oTkin He@TRAHOTO MeCTOPOXK1eHHs B 3a.ause [Ipya-
X0y H CBHIAHHOC C 3THM CTPOHTLALLTHBO mwpwnpomna noKa3aau,
HTO HEOGXOAMMO NOCTPOHTH Ha LIHTEIbHBIA CPOK XOPOWYIO WOC-
CEHHYI0 0pOry, MPHTOAHYI0 118 ABHAKEHHS B J06YI0 noroly M3
HelaMepsawuero nopra -\'\‘.I_\‘I‘HMH aBHALLIN MOKHO NO.IL30BATLCA
AL B NEPHOA HCCACI0BAHHA, HO nepeBosHTL 6oblIHe rpyant
B epuo.i ITPOBCICHHA pdﬁO" npeicraBaseTCcs MaI0BEPOSITHBIM, OCO-
GCHHO NpH CTPOHTEAbCTBe HeditenpoBola  3uMuHe JOPOTH OKa-
1ATHCh HENPHTOIHBLIMH BBH1Y OfPAHHYCHHOTO CpOKA HMCNOIb3O-
BAHHA
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C. A. Champion® R. w. Huck?
LS\, Anchorage. Maska)

RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC ALASKA.
IMPACTS OF LARGE SCALF PIPELINE CONSTRUCTION

\ll projects of large scale in the Arctic and Subarclic must
be assessed in terms of thewr tmpact on the enviranmient prior ta
initiation of work and in all subsequent phases. Because the impact
usually spreads beyond the project scope itself, project planners
and managers must consider the cconomic trade offs inherent in
the large scale works of man and the effects of projects on other
natural resources (such as esthetics, timber, fish and wildlife)
Further, management must also examine the influence on related
industrial markets, the economic development of affected com-
munities and impact on the labor market itseif. The latter could
casily be depleted to facilitate construction.

With respect to pipeline project design and construction,
perhaps the most critical period for gathering data and establish-
ing criteria occurs during geotechnical investigations At this
time the data input has a two-fold use. The first is the design
of foundation systems and the second is the delincation of terrain
units to minimize environmental degradation during the const-
ruction and operational phases of the project and from which
natural resources can be extracted for utilization in construction.
For cxample, selection of sites for gravel and concrete aggregate
and spoil disposal are required to minimize environmental impact.

Bascline data are often nonexistent or limited in scope. Major
data requirements are as follows:

Rivers and Floodplains

1. Maximum flood stage.

2 Scour depths associated with design flood.

3. Assignment of flood reoccurrence intervals.

4. River channel and floodplain geometry.

5 Bun' haracteristics, e. g. erosion and scour potential

6. D ug relict floodplanis.

River Associated (annual) and Ground Water (aufeis) Icings

1. Location, thickness and extent.

2. Associated scour.

3. Assessment of potential impact

Historical Weather Data (site specific).

1. Earliest, latest and most probable date of freeze-up.

2 FEarliest, latest and most probable date of break-up and
thaw.

3. Mean annual air and surface temperatures.

Soil Conditions.

1. Vegetative cover.

2. Depth of thaw and soil temperatures.

3. Soil type classification.

4. Thaw stability.

5. Soil resistivity (frozen and thawed).

6. Physical and chemical properties.

Geographic Considerations.

1. Route selection.

2. Right-of-way width and clearing.

3. Site selection for disposal sites, camps, and staging areas.

Environmental.

. Wildlife habitats and migration routes.

Anadromous fish streams and fish habitats.

Critical habitat of endangered wildlife species.
. Esthetics consideration (amelioration of negative impact).
. Timber resources.

6. Recreational areas.

Material Evaluation.

1. River material sites (gravel and sand).

2. Upiand material sites (gravel and sand).

3. Rip-rap quarry locations

4. Commercial timber.

5. Water intake and discharge for pipeline hydrotest.

To determine what is an acceptable environmental impact,
there must be a continuous assessment of its cost both in terms
of project costs and scheduling as well as its ancillary effects on
society. The availability of manufactured materials, such as steel,
is an integral part of environmental consideraticns. That is, some
areas may be more readily set aside as staging zones under given
seasonal conditions. Those which would require overland transport
of heavy eguipment during the summer months would logically
be put aside due to destruction of tundra cover which in turn
would require an additional expense to restore, if indeed, restor-
ation is possible

River crossing techniques and the installation of training
structures to protect a pipeline from scour must be timed so as
not to cause a detrimental cffect on a known fishery resource
Local drainages must be dealt with to prevent siltation of rivers
and in some cascs the pipeline integrity self. These technigues
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* State Pipeline Coordinator,
+ Senior Engineer to the State Pipeline Coordinator

involve the determination of aufeis occurrence, and ice forces
on pipeline support structures whether they be bridges, piles or
gravel borms. River traming structures must be carefully design
cd not only o protect the pipeline from natural scour forces but
also to protect exposed niver banks from induced erosion and
dvgr.ul.mnn

Enforcement of quality control guidelines and specifications,
lease agreements and statutory and regulatory laws are the tools
available to insure pipeline integrity during and after construct-
fon and prevention and restoration of environmental damage
Project management by the owners must interface efficiently with
permitting agencies and those responsible for protection of the
environment

Y. A. Samnuon, P. Xax
(CHIA, Awkopinam, Aascwa)

PASPABOTKA NPHPOIHBLIX PECYPCOB
W CBA3AHHBIE C HEA NMPOBJIEMbI OXPAHDI
OKPY)XAKILEA CPEAbI B APKTHYECKHX PAROHAX
AJISCKH.— NOCJHEACTBHS NPOBEAEHHA
KPYNMHOro HE®TENPOBOA

o navana nposeteuits scex pa6oT Kpyuworo mMacutaba 8 Apk-
Tike B CyGapKTHKE H Ha BCeX NOCAeAYIOULHX 3Tanax caelyer oue-
HItBATL WX BO3JACHCTBHC Ha okpyxatotiyio cpety. [lpn naauuposa-
HHH 3THX pﬂﬁ(JT H PVKOROICTBE HMH HEOOX0IHMO NnpHHIMaTe BO
BIUIMARNE JKONOMHUCCKRITC NOCICICTBHA, CBA3AHHBIE ¢ HX OCymeCT-
BJACHHEM 1f BO3ACHCTBHEM Ha Jp\rHe NPHPOIHbIE Pecypehl (JecHbie,
PUOHbIC) M IMKHX  AKHBOTHBLIX.  PyKOBOACTBY — caeayeT TakKxe
00PATHTL BHHMAHKC HA TO, KaK MNOBJIHAET CTPOHTEJABCTBO HA CO-
CTOSIHHE M PA3BHTHC APYIHX OTPACJACH NPOMbIULICHHOCTH, HA CO-
CTOsHHE 1[))’,1()"!;!,‘( pesepson (OHM ()hll'l[l() MoryT 6biTh  HCTO-
LLCHBI) .

[Tpit naasupoBauni CtpouTeaseTsa TPY6ONPOBOIA reoTexHitue-
CKHE HCCAQJOBAHHA BASIOTCH Hanboee OTBeTGTBEHHBIM nepHojaioM
S HOJAYUHEHHS HCXOHBIX JTaHHBIX, KOTOPbIE MOKHO HCNOJb30BAaTh
ABOSIKO® BO-MEPBLIX NP pasipaboTke OCHOBHBIX CHCTEM H, BO-BTO-
PHIX. NPH PANNONAIBLHOM BBIACACHHH YYaCTKOB Ha MECTHOCTH AJR
YMCHBILCHHs JIerpataiiin OKpyAalouleil cpeibl B nepioal cTpoH-
TeancTBa i pabotei 06bekta. Ha 311X yuacTKax MoXer BeCTHCh
paspabotka NPHPOAHBIX PECYPCOB, HEOOXOUIMBIX 118 CTPOHTEIb-
crea. Hanpumep, n1as yMenpinenns yiep6a, HAHOCHMOTO OKpyXa-
olell cpeie, CACLyeT 3apadee HaMeTHTb Y4acTKi 145 HOJAyueHHs
rpasitst, 6etoHa 1 c6poca 0TX0108

“(‘X(),’U(Ml‘ JAdHHDBIC HACTO OTCYTCTBVIOT MU HX GuiBaer Henocra-
TOUHO.

HeoGxoxnMbl caeayIOLUHE CBCICHHS:

PeKu u peunvte doaunnt

— MakciMaabHas NPoL0IANTEILHOCTL N0JOBOLS.

— [ay6una 3posiit 11 ee 3aBiCHMOCTL OT XapakTepa 1no.Jo-
BO/1b.

— Pacnpeieactie noBTOPAEMOCTH M0J0BObS.

Onucanie pycia i npoiodbhblil 1POQHIL PEKiL.
Onucanite Geperos, nOTCHUNAM  IPOIHOHHON  1EATEAbHOCTH.

—— Onpejgeaetne MeCTOHAXOKACHHSA  JIPEBHIX  PEYHBIX J0JIH.

Peunote abdot u natedu

~ MecTonogdoKeH e, ToIHA, NPOTHKEHHOCTL W CBA3aHHas
€ HUMIE 3pO3IA.

Ouenka BOIMOAKHOIO BOINEHCTBIS Ha CTPOHTEJBLCTBO.

Meteovanrvie (1% OT1eAbHBIX Y4aCTKOB MECTHOCTH).

- Cample paHuie, HO3IHHE 1 BCPOATHLIC 1aThi 3aMep3aHHs,
BCKPbITHS AbAd W €rO Tasumns,
Cpeanerojlopbie TemMnepatyph BO31yXa H NOBEPXHOCTH.
lousnt.

— Pactureabnuil nokpos.

~ [ay6una oTTauBanis 0 TeMIepATYpPa NOUBLL

— Kaaccudukatns nous.

— YCTORUNBOCTL TASHUA,

~ Hecymast ¢noco6HOCTb, CONPOTHBAREMOCTL NMOYBBL (3amep3-
el 1 pacrasiBuiedt).

— ®RIPICCRNC 11 XIMNYECKNe CBONCTBA NOMBML

Ob6wgue eeoepaduteckue dannbe

Bui6op nopor.
Inpuna noaocs oTuy Kienus

— Bubop mect aas ¢6poca OTXOMA0B, CTOSRHOK Mauliy u npo-
BeleHns pabor.

Okpywarwuan cpeda.

— Cpena obutanis JHKHX KUBOTHRIX 11 UX  MUCPAUHOHUBIE
nyTH.

— Murpaits npoxoansix pui6 i cpeia nx obnranms

Kpnrinueckoe coctosinite cpeint 0OHTaHMsE HCue3aouinx Bi-
JLOB JINKIN AR NBOTHBIN.
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— YMeHblIenHe OTPHILATEAbHOrO BO3IACHCTBHA 1Ha Cpejy.

— Pecypcen aeca.

- Mecta otamxa.

OyenKa CTPOUTEAbHBIX MATEPUAL0B.

— MecTononoXenne peunbix KapbepoB (FPaBHA M 1ECKA).

— MecTononoxenne KaphepoB rpaBHsi i NECK&, HAXOASLLMXCR
Ha BO3IBBILIEHHOCTAX.

— Jlec npoMBIWACHHOTO 3HAYEHHS.

— Tlotpebaenne u c6poc BoAb,

Ilan onpeneneHust 10MYCTHMOTO BO3NEACTBHS Ha OKPYXKAIOULYIO
cpeny HeoO6XOAHMA ero NOCTOAHHAN OLEHKA KAK C TOYKH 3peHHA Mpo-
€KTHOM CTOMMOCTH CTPOMTEALCTBA, TAK H B NAAKE €10 BOIICACTBHA
Ha 06meCTBO. 3JTO 3IHAYMT, UTO HEKOTOPHLIC YUACTKH MOKIO
aerko BwOparth 138 npon3sonctea pabor B A06OA Ce30M roaa.
Ha apyrix »e yyacTkax, no KOTOPbIM MPOXOANT THAKEAWA Tpanc-
NOPT B JETHHE MECAUB, TYHAPOBHIA NOKPOB CHALHO PA3IPyWIACTCA,
4TO B CBOIO OuYepeab nOTpebyeT NONOJAHHTEAbHBIX 3aTpaT Ha BOC-
CTAHOBJIEHHE (€CAH OO BOIMOXHO).

Bpema nepexpuLiTHA peKk M CTPOHTEIBCTBA COOPYMKEHHA 117 3a-
uHTH Tpy6onpoBoaa OT 3pO3HH NOJKHO GbiTh BHOPAHO ¢ TaKHM
pacuerom, 4To6b He MpHYUMHNTL Bpena phibHbM pecypcam. Caetyer
NPOBOAMTL APEHAX HA MeCTaX BO HIBCKAHHE SACOPEHHHA PCK HIAOM
M HADYWEHHR UeNOCTHOCTH camoro Tpy6onposona. [lpu stom
HVAKHO YCTAHOBHTb BEPOATHOCTL BCTPEYAEMOCTH Hajeled M paccum-
TaTh Harpy3Ky Jbl0OB Ha COOPYXeHHS, MOMIepXKHBawulHe Tpy6o-
NPOBOA: MOCTHI, CBAH HAH HACHINK W3 rpaBusi. Peunble coopyxenus
cle1yer NPOEKTHPOBATL TaK., YTOGH OHH He TOJLKO NPeaoXpaHsan
Tpy6ONPORON OT €CTECTBEHHOA 3POIUH, HO M 3AUIHUIANH OTKPHITHIE
6Gepera pex OT 3PO3IHH AHTPONOTEHHOrO XapaKTepa W Pa3pylICHHA.

Co6a01eHie  MpeAnHcaHnft. W HHCTPYKUMA, coraawennii o6
apeH1e H ONPEleeHHBIX 3aKOHOB cnoco6cTaveT obecneyenuio e
AocTHOCTH TPYGONPOBOAA, a TaKkKe yCTPaHeHWIO BPeIHbIX BO3lei-
CTRHIT HAPYWeEHHR OKpyXawuled cpeaw. PykoBoauteaw mnpoekra
JOJKHLE YCMEWHO COTPYAHHYATL ¢ YUPEKICHHAMH, BeIyIIHMH
CTPOHTEIBCTBO, M OPraHH3alHAMH, OTBETCTBEHHLIMH 33 OXpaHY
ORpYAKAKWER cpeabl

M. C. Brewer
(USA, Anchorage, Alaska)

RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC ALASKA.
IMPACT ON PERMAFROST

Permairost is a condition, rather than a material, that prohib-
its, by freezing, the movement of any water enclosed in the soil.
In most cases it eliminates internal subsurface drainage. In many
cases it is one of the more effective agents in controlling the
minor drainage patterns for surface waters

The temperature of permafrost varies from place to place in
Alaska, from near the freezing point of fresh water in central
Alaska to about —12°C in northern Alaska Although consider-
able variations in temperature may occur laterally within a few
meters or tens of meters, depending on the material, moisture
content, depth, presence or absence or change in the vegetative
cover, winter snow cover, topography, elevation, whether a north
or south facing slope, nearness of bodies of water, and other
factors, a generalization usually can be made that the permafrost
temperatures become colder with increasing latitudes. The tem-
perature of permafrost also changes with the scasons, with the
amount of change decreasing with depth until, at a depth of 20 m
it may only be 0,01°C.

The moisture content in permafrost materials is extremely
variable, ranging all the way from being almost pure water, in
ice wedges, to being almost non-existent, in various rocks with
few fissures. While the moisture content in permafrost in northern
Alaska tends to be the highest in the upper 8 to 10 m, in central
Alaska it may increase suddenly as buried ice wedges or ice
lenses are encountered.

Permafrost, while usually frozen in a form resembling “ice
crete”, may be unfrozen it the materials contain brines. These
conditions are found in certain inland areas of the coastal plain
in northern Alaska. Gravels, near Barrow, have been found to
contain brines with salinities as much as seven times those found
in sea water, and to be unfrozen at a temperature of —12,8°C
Similar conditions have been found with clays, at depths of 20
and 30 m in the same areas. “Dry permafrost”, without suificient
moisture {o hold the soil particles together, also has been found
on ocean spits, on offshore barrier islands, and on some river
gravel beds,
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Merely by its presence, permafrost places severe constraints
on resource development. Under normal conditions, it provides
a stable structure to the soil materials. However, when the sur-
face of the ground is modified by the processes and requirements
involved in resource development, the thickness of the “active
layer” is increased, causing ice in the upper part of the perma-
frost to melt. This melting often produces a chain of secondary
events which may disasterously affect many other facets of the
environment. Depending on the topography and the smount of
ice included in the permafrost, the secondary events of greatest
importance are erosion, differential settlement, or both. They can
cause structural failure to occur in engineering projects and
usually cause degradation of the surrounding environment

The most significant effects are often associated with the de
velopment of modes of transportation, whether they be roads,
pipelines, or ports, and without which there can be no significant
development of resources. These projects also usually cross great
distances, with varying soils and ice contents, and involve the
disruption of considerable amounts of surface area. The protection
of permafrost is not necessarily the goal to be always sought
However, very often it is the mechanism that must be used in
order to protect many other aspects of the environment. This is
particularly the case with projects that stretch over considerable
distances. In other cases, especially in arcas where the permafrost
temperature is near 0°C and the construction will be confined to
a small area, such as would be the case with a large building,
there can be advantages in destroying the permafrost in the im-
mediate area prior to the initiation of construction. Each situation
must be considered separately

M. Bprosp
(CHIA, Aukopunxk, Aascka)

PA3PABOTKA NPUPOAHBIX PECYPCOB
H CBA3AHHBIE C HER NPOBJIEMbl OXPAHbBI
OKPY)XAIOUWER CPEABbI B APKTHYECKHX PAROHAX
AJIACKH.— BO3AEACTBUE HA BEYHYIO MEP3JIOTY

Beunas mMepanora — 310 coCTOAHHE NMOYBH — rPYHTOB, KOTOpOE
NPENATCTBYCT ABMKCHNIO BOAM B HUX. B GoabwuxcTse cayuacs
OHa HCKJAKYAeT BHYTPCHHMI TPyHTOBLIA apenax. B nekotopwix
CAYHAAX BEUHAS MCP3JI0OTa ABJACTCHS OAHMM M3 HanGogce spdek-
THBHLIX PAKTOPOB. KOHTPOJHPYIOLIHX HCIHAUHTEALHBI APEHAX MO-
BCPXHOCTHBIX BOL.

Temnepatypa ci10s BEUHON MEP3NOTH HIMCHSETCH OT pafioHa
K paiony: o1 Temneparypu, 61H3KON K TOUKe 3aMep3anis ipecHod
BOABE B UeHTpaabhoi Aascke, a0 —12°C B cesepuoi Aasicke. Hay-
4ast KOACGANUS TEMICPATYPH HA FAYOHHC HECKOALKHX METPOB WM
ICCATKOB METPOB B 3ABHCHMOCTH OT CPYHTOB. BAAroHachIULCHHOCTH,
FAYOHEBL 3A0CTAHHA MePAI0TH, OCOBEHHOCTEH PacTHTCILHOTO no-
KPOBa, TOJUUHLL 3HMIEIO CHEAKHOTrO NOKpoBa, peaveda, sKcnosu-
HHIE CKAOHA, OJH30CTH BO10EMOB M APYIrHX (PAKTOPOB, MOKHO cile-
JaTh  BLIBOX, NTO  TEMNEPATYPA BEUHON MEP3JI0THl NMOHHKAETCA
¢ yBeanscniesm wipotel. Kpome Ttoro, temmnepatypa BeuHOR Mep-
$10THE HIMCHSICTCH B 3aBHCHMOCTH OT Ce30Ha rol1a, OIHAKO ¢ ray-
GHIOM 3T H3MENENs YMeHLIWAKTCR # Ha ray6une 20 M Moryt
coctapaste s 0,01°C |

Corepkanne BIarn B BeMHOA MepP3noTe CHALHO BaphHPYeT OT
CTA/MH TIOUTH UHCTOR BOABL B JCAAHBIX JHH3AX 10 MONTH NOJHOrO
OTCYTCTBIS €€ B PA3JAHTHLIX CKAJaX ¢ MAJOYNCICHHLIMH PacClean-
HaMi. B To Bpems Kak cogepAanme BaarH B Bednoil Mepiaaore
B CeBEPHOR HaCTH AJSICKH ABIACTCH HanGOaBWNM B BepxHem 8—
10-METPOBOM C0€. B HEHTPAILHON 4aCTH AJSICKH OHO MOKCT Heo
AMTAHHO YBEIHUHTLOR TaM, [1e¢ BCTPEHAIOTON JQCIHHBIE KAUHLS |
ACIHNBIC AHH 3B

Beunas mepaaora, o6pino npeicrapasioman coboit  aesnoit
KOHIJOMEpAaT, MOKeT Ouith pasMopoxeda, ecan s HeR NOSIBASETCS
naccoa. Takue ycaosus MoKHO 0GHAPYKHTL B HCKOTOPBIX BHYT-
PEHHUX paitoiax npubpesnol pasunnel cepeproit Aasckn. pasuit
0K010  Mbica  Bappoy  conepkur aeasnon paccoa. Coam n newm
B 7 pa3y Goavuie, wem 8 o6uunoin Mopekoit sone. Jleasinolt pacco
PAIMOPAKHBACTCH NPH TeMilepaType 128°C. Anajoruunsie ve-
OB XAPAKTEPHBL 18 FAHHICTBIN NOuB Ha ray6unax 20 i 30 m
B TOM Ke paone. «Cyxan Beunas Mepirtotar 6e3 10CTaTouHoro
COACPARANNA BAGTH, CHOCOOHAR YICPKATH HACTHIL NOYBBE BMeCTe,
OOHAPYKCHA HA OKCAHINCCKHX OTMEARX, Ha HPHOPERUBIX OCTPOBAX
1A TPABHIHOM JIHC HEKOTOPLIX PeK.

Beanan mepaaora sarpyanser paapaborky npupoanBIX pecyp-
CoB. B HOPMaAbHBIX YCAOBIAX OHA SBJASCTCH YCTORYMBONR CTPYKTY-
poit. O1HAKO, KOT1a HOBEPXHOCTH NMOMBKL IMCHACTCH B Pe3VALTATE
HPOHeCcos, CBA3aNHBIY © ||4,1|»;:(mlmvl| HPHPOIHBIX PeCYPCOB, TOA
HLHNA «GKTHBHOTO CO0M» VBCTHUHBACTCA I BBI3BAACT Tasiiie ab1a




B BEPXHER HACTH CJOR BCNHOH MEPITOTHW. IT0 TARMMC HaCTO npii-
BOANT K n06oYHNM nocacacTBuaM. HanGoaee aHauuteannmmi i
NHX ABARKOTCA IPOINH M PadaHunbie GOPME OCCAAHHA, 3ABHCRULIEC
OT peabeda W KOAMUCCTBA AbAA B CA0E BeYHOR Mep3aaoTh. Onn Mo-
TYT BH3BaTh Pa3pylWICHHA NPOMBILLICHHEX 0O0BEKTOB 1t 06WMHO
BE1YT K HIMECHEHHAM OKPYKAIOIEH cpeinl.

Campie 3HAUNTEABHBIE NOCACACTBHA 4acTO ObIBAIOT CBAIAHMI
€O CTPONUTEALCTBOM J0POr, MOPTOB H NPOKJAAJABBAHHEM TPY6ONpoO-
BO10B, Ge3 KOTOPHIX HeMBICAHMA cepbedHas pa3paboTka npHpoOa-
HEIX pecypcoB. [TpoMbILIICHHAR 1€ATEABHOCT OXBATHIBACT GOAbIIHC
TEPPHTOPHH C  PALTHYHLIMH  NOYBAMH H PA3JTHYHLIM  COdepARa-
HHEM 1bA3 W BHILIBACT pa3pylienne OOALIIHX YYACTKOB NoOBepX-
HoctH. He Bceraa caeayet CTPeMHTbCS K COXPAHEHHK) BEUHON
Mep3noThi. OQHAKO OuCHb YacTO OHAa HeOOXOAHMA JJs OXpanbl
APYTHX KOMMNOHEHTOB oOKpyXawuwei cpenn. Tak, Hanpumep, npit
pa6otax, Kotopbie BeiyTCA Ha OOJbIUIHX TEPPHTOPHAX HYXKHO CO-
XpaHATL BeuHylo Mepanoty. B apyrux cayuasx, ocobenno Tam, rie
TeMnepatypa cJ0s BeyHOH Mep3aoTh okoao 0°C u cTponTeabeTBO
BE/IeTCA HAa MAJCHBKONl [10M1a/1l, HanpHMep. CTPOHTEALCTBO 60.1b-
WOro 31aHKK, NPCACTABAACTCH PAIYMHBIM Pa3PyWINTbL BEYHYIO Mep-
370Ty Ha NpHAEralOUlel TePPHTOPHH 10 Havala CTPONTeAbLCTBA.
B xax10Mm cayuyae He06X01HM HHAHBHAYAAbHBIA NOAXOA.

S. M. Uspensky, N. V. Vekhov,
A. N. Kuliyev, V. A, Lobanov
(LU'SSR. Moascow)

PROTECTION OF NATURAL COMPLEXES
OF THE ARCTIC AND SUB-ARCTIC

The north of Eurasia and North America which possess sub-
stantial amount of natural resources are actively exploited by
the man

Despite the fact that cconomic development of these regions
has been going on for short time, it is evident that ecosystems
here are subject to unadvisable irreversible disturbances due to
the impact of anthropogenic factors

Animals is a component of the ecosystem of the Arctic and
sub-Arctic that is particularly affected by the man's activity
Loading on food-animals resources is found to increase in the
North: however the greater impact, both direct and indirect, falls
on the regions of the animals’ migrations and winterings, in den-
sely populated regions of middle latitudes and of the South

Anthropogenic factors of global character affecting ecosystems
of the North, such as environmental pollution by chloroorganic
and other toxic compounds, should also be taken into account.

The factors affecting ecosystems of high latitudes are as fol-
lows: 1) heat deficit, both in winter and in summer; 2) sharp
changes in living conditions of organisms in time and space

Organic world in these regions is characterized by generally
low biological productivity, the lowest qualitative and quantita-
tive inhomogeneity observed in seasons, individual years, during
many-year periods (of “warmings™ and “coolings”).

In Arctic and sub-Arctic, a- one moves irom the South to the
North one can notice that botnh species and biomass of vegetation
and animals on the land are getting poor, whereas in the sca
the life is relatively rich; trophic relationships here are shorter

In Arctic and sub-Arctic, both the objects to be protected and
centres of concentrated impact of anthropogenic factors are of
local character. Therefore, establishment of a system of reserves
and other protected territories here is seen as a most cifective
form of nature-protection measures

It would have been a mistake however, for us to see only
negative results of the impact of anthropogenic factors upon the
ccosystems of the North. The man often helps to increase biolo-
gical productivity of the mentioned ecosystems,

Transformation of tundra phytocenoses into more productive
anthropogenic meadows may be given as an example to illustrate
the above. This is connected with the destruction of moss cover
and with the increase of soilmelting depth due to the use of
vehicles and thanks to deer pasture

Man's activity may also improve living conditions for many
species of animals (by providing them with food, and giving them
a shelter) as well as create specific anthropogenic complexes in
the animal world (Uspensky, 1959; 1974).

Even reindeer-breeding, a traditional branch of the economy
in the Eurasian North, may result in serious irreversible distur
bances of ccosystems unless specificity of local environment is
taken into account. The developing industry has an immeasur-
ably greater influence on ecosystems of Arctic and sub-Arctic
Concequences of this process have not been completely understood
so far
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We may mention only some aspeets of the process

1. Mechanical impact of vehicles, especially caterpillar tract-
ors, and construction upon vegetative and soil cover which results
i 1) destruction of vegetation, 2) increase of soil-melting depth;
3) formation of thermokarst lakes and marshes; 4) active soil
erosion

I Changes in chemical composition of the Environment as
a result of oil pollution, natural gas burning, lifting on to the
surface of deep ground layers, the use of pesticides etc. All this
is particularly dangerous in hgh latitudes due to slow destruc-
tion of pollutants

HL Different forms of accompanying impacts, such as de-
struction of the forest along its northern boundary: intensification
of thermokarst processes: reduction in biological productivity of
ecosystems; disturbances in vital activity processes of fauna
species, for example, during the construction of oil-and gas pipe-
lines, power lines, ete (Uspensky, 1974)

In the USSR, scientific background of protecting natural com-
plexes of the Arctic and sub-Arctic are being developed in a
number of higher educational institutions and scientific insti-
tutions including the Central Laboratory of Environmental Pro-
tection (CLEP), the Ministry of Agriculture

The impact of anthropogenic factors upon natural complexes
of tundra is carried out by CLEP on the basis of Vorkuta indust-
rial region (castern part of shrub subzone of Bolshezemelskaya
tundra)

The main method used is complex shaping; geomorphological
profiles 30 km. long are radiating from the city of Vorkuta. Along
these complex biological sites are located at which many-year
observations =re conducted as to the changes taking place in
different natural complexes due to the man's activity

First results obtained by CLEP show that natural complexes
get intensively polluted by drop-pulverized exhausts of industrial
plants and heating systems. Water basins, get polluted by liquid
waste of industrial plants, by pit water and everyday waste.

Acidity is found to decrease, while mineralization of water
in lakes located in the vicinity of pits increases; this results from
the fact that fine particles of dust masses scattered by the wind
settle down

Penetration of pit water into water basins results in destric
tion of aquatic plants (Vekhov, 1974). Discharge of sewage leads
to complete disappearance of fish in the streams and of water
invertebrate, except for chironomides, in the lakes

However, at some distance from the pits, the species, amount
and biomass of water invertebrate would not difier from those
found in the outlving districts of tundra.

\nalysing the stability of communities using the method oi
MceArthur (1957) which is based on quntitative ratio, shows that
some water communities in the Arctic zone may preserve the
structure and species composition when substantial changes in
environmental parameters take place (Vekhov).

As the impact of poliution in the Vorkuta industrial complex
gets stronger, a necessity arises to study the influence of gas-
pulverized exhausts upon tundra plants

Increase of concentration of such harmful gases as SO, H,S,
CO rosults in disturbances in processes  of photosynthesis in
plants, affcets their growth, and leads to their destruction

There are no dickens in the vicinity of Vorkuta, particularly
i its northen and eastern parts, the regions which are most bad-
Iv polluted  Changes w species composition tn moss cover take
place: polytrichic moss is replaced by Aulacomnium moss: in the
northern part of the region, the growth of peat moss is retarted,
while Dicranium moss grows faster

Analvsing the ash of plants, an increased content of S, FyAl
Pb, P was revealed. Mineralization of plants adds sulphuric acid
to the soil, thus mereasing migration capability of some clements
(AL Zn, Cuo. Mn)

Geological survey results in serious destruction of vegetative
cover; this nevitably leads to degradation of continuous perma-
frost and to soil erosion (Kulivev)

Changes in the Environment, degradation of its conditions
reduce species composition and quantity of ground vertebrates
living in tundra, especially hunting predatory species

It has been revealed that the density of birds nesting within
a 10 km zone around Vorkuta industrial complex has decreased.
The amount of nesting birds, as compered with the surrounding
tundra, is less by 14 species. :

Population of lapland plantains has undergone changes in
morphophysiological indices of internal organs resulting from
environmental pollution. During spring migration, a lot of wil-
low-ptarmigans get killed crashing against power lines (Lo-
banov).

To determine the impact of antropogenic factors upon natural
complexes of tundra, CLEP is now using biological indicators.
This includes some species of moss and lichens, some commu-
nities of water invertebrate which are capable of accumulating
products of industrial pollution; this also includes some kinds of
birds, their morphophysiological paraments (according to acade-
mician Shvarts), dynamics of quantity, peculiarities of biotopical
distribution, and trends of periodical events in their lives.
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C. M. Yenencxud, H. B. Bexoe, A. H. Ky.uee, B. A. Jlo6anos
(CCCP. Mockea)

OXPAHA NPHPOAHBIX KOMMNJIEKCOB
APKTHKH H CYBAPKTHKH

Cesep Enpasnun u CemepHoR AMepiKH, pacnoaaralouuiit anaum-
TEILHMMH NPHPOIAHBMH PECYpCaMH, HHTEHCHBHO OCBAHBAETCH ue-
nosexoM. HecMoTpR Ha TO, 9TO HCTOPHA XO3AACTBEHHOTO OCBOCHHS
3THX o6aacTed elle OYeHb KOPOTKA, CTAHOBHTCA ONYEBHAHBIM, YTO
noa BO3AeACTBHEM AHTPONOreHHHX (GAKTOPOB 3KOCHCTEMB 3/1€Ch
OKA3WBAWTCA OCOGEHHO YRIBHMBIMH NOTOMY., HTO B HHX J€rKO MO~
YT ONTb BHIBAHB HeXeNaTeaAbHhe, HeOGPATHMble HapyIICHHS.
Cpean KOMNOHEHTOB 3IKOcHCTeMbl ApKTHKH M CyGapkTuki Han6o-
Jee OLYTHMOe BO3IeACTBHE Ye0BeKa HCNBITHBAET Ha cefe XKH-
BoTHHA Mup. Ha Cesepe narpy3ka Ha pecypchl MpOMBICAOBBIX Xil-
BOTHWX BO3pacTaeT, OAHaKO eue 6oabluee. NPAMOE H KOCBEHHOC
BO31eACTBHE YeOBEK OKA3WBAET Ha HIX B pafloHax uX MHrpaumit
i 3MMOBOK, B TyCTOHaceJeHHHX 061acTAX CPelHHX WHPOT H Kora.
Caenyer, KOHeWRO, YYHTHBATL BAHAHHe Ha 3KocHcTembnl CeBepa it
aHTpONOreHHnix GaxkTopoB ra06aabHOrO XapakTepa, Hanpumep, 3a-
TPA3HEHHS NPHPOLHOM CPeaA XJOPOPTaHHYECKUMH H APYrHMU TOK-
CHYUHBIMH COEHHEHHAMH.

B ocHOBe NOBBIIIEHHOA YA3BHMOCTH 3KOCHCTEM BHICOKHX IMPOT
A€XKAT JePHUHT Tenaa He TOAbKO 3HMOM, HO M JIETOM, pe3KHe W3-
MEHEHHS VCAOBIA OGHTaHHA OPraHi3MOB BO BPEMEHH H MPOCTpaH-
cre. Oprannueckuit MHp 3ITHX o6aacTeit XapakTepHiyercs B 06-
uleM HeRWCOKOH GHOJOrMYeCKOW NPONYKTHBHOCTBIO, KpafHel Kaue-
CTBEHHOR W  KOJHYECTBEHHOH HeOAHOPOAHOCTBLIO — M0  Ce30HaM
rona. OTJe/JbHHM roJ1aM, B TeueHile MHOrOJETHHX MepHOIOB («mo~
Tenaenufi» u «noxononauui»). Ilo mepe aBHXKeHHs ¢ lora Ha cesep
B Cy6apkTuke W APKTHKE TNpPOMCXOLHT ObicTpoe oGeaHeHHe Kak
BIIOBOTO COCTaBa, TaK H GHOMACCH PACTHTENBLHOCTH H KHBOTHOIO
MHpa CYWH NMPH COXPAHEHHH OTHOCHTEJABLHOTO 6OraTcTBa KH3HH
B MOpe, Pe3Koe YKOpouenue Tpodhuuecknx casseit.

Jas Apktukn u Cy6apKTHKH creinities JOKaAbHbIT XapakTep
KaK HYXI1aKUIHXC? B OXpaHe 06HEKTOB, TAK H O4aroB MacCHpOBaH-~
HOFO BO31EHCTBHS AHTPONOreHHHLIX (AKTOPOB, B CBA3H C 4eM, CO-
31aHHe, HaNpHMep, CHCTEMb 3aNOBEIHIIKOB H JAPYriHX OXpaHAeMbiX
TEPPHTOPHA 31€Ch CTAHOBMTCA 0co6eHHo 3((eKTHRHOA dopmoi
NPHPOI0OXPAHHBIX MEPONPHATHH.

B0 Obi, OHAKO, OWHOKOA BHNETH B BO3AEHCTBHH aHTPONO-
reHHbnx (paktopos Ha 3KocHcTembl CeBepa JHMUIb HEraTHpHbie pe-
JyabTaThl. YeoBeK HepeaKo Cnoco6cTByeT MOBLILIEHHIO 611010rH-
YeCKOH MPOAYKTHBHOCTH 3THX 3IKOCHCTEM, O[HHM H3 NpOSIBJAEHHA
4ero CayXHT TPaHCPOPMaUHA TYHIPOBHIX ¢HTOUEHO30B B Goaee
NPOAYKTHBHbBIE AHTPONOTreHHble Jyra, CBA3aHHAS C pa3pylieHHeM
MOXOBO# JA€PHHHB H BO3pacTaHHem r.1y6m|u NPpOTaHBaHNA noYyBssl
01 YMEPEHHBIM BO3/1eACTBHEM MEXaHHUYECKOTO TPAHCNOPTA, Bbi-
naca oaeneit u 1. 4. JleATEABHOCTL 4E/NOBEKA MOXKET CNOCOBCTBO-
BaTh VAYUIIEHHIO 3]€Ch TaKKe yCJOBHA OOHTAHHS MHOMHX BHIO0B
AKHBOTHLIX (BCJ€ACTBHE Y/YYIUEHHS HX KOPMOBBLIX BO3MOKHOCTEH,
co31anHA  NePHUHTHBIX B TYyHAPAaX YKpbITHI), (GopmMipoBaHHIO
B XHBOTHOM MHpe (‘H(‘llH(pM‘lt}CKHK AHTPONOTEHHBIX KOMILVIEKCOB
(Yenenckui, 1959; 1974)

ﬂa).((' CeBepHOe OJCHEBOICTBO — TPAIHILHOHHASA oTpacib X035~
ctBa na Espasnitckom Cesepe, ecan ono Besercs 6e3 yuera cneum-
QUKH MECTHON NMPHPOAHON CPein, BuI3bIBAeT rAy6OKHe, HHoria
seoGpaTuMbe Rapywenis 8 skocuctemax. Heuamepumo Goaee ray-
GOKOM MepecTpoiKe NOABEPralOTCes IKOCHCTEMB Apktikn u Cy6-
APKTIHKH MO BJANSIHHEM pﬂ.iﬂ“ﬂak)lu(‘ﬁ(‘ﬂ HHIYCTPHH. [Mocaencreus
3TOr0  npolecca B NOJHOM Mepe OCTAITCH elle HEBCKPHITHIMH.
MOoKHO JHIIL OTMETHTE HEKOTOPBLIE HX HanpaBaeH s,

1. Mexannueckoe BO3NERCTBHE HA PACTHTEALHBIN H NOUBCHHBIA
nokpos HA3EMHOI0, 0coOenNo, IYCEHHUHOTO rpmu'nina, CTpOII-
TeALCTBA, CBAJAHHBIE C HHMI YHHYTOKEeHHE PACTHTEALHOCTH, YyBe-
Auyenne rAyGHHBL NPOTAHBAHKA TPYHTOB, 00paoBanHe TEPMOKAp-
CTOBBLIX O3¢p 1 60A0T, AKTHBHAR IPOINA NOUB.

2. M3MencHus XHMHYECKOro coctaBa  cpeist B pesdyanrare
ll('(t!fﬂllhl( 'iill’pﬂ'!lﬂ‘ﬂliﬁ‘ CAHNIanpus NPUPOAHOTO ra3la, Oo/1beMa HA
NOBEPXHOCTH f.’|y60K0 Jajserasiinx  HOpoa,  HPHMEHCHHA NeCTH-
UMAOB M T A NPEACTABAACT B BHICOKMX WHPOTAX 0coGy onac-
HOCTH BCACACTBHE MELACHHOrO PAspPyleHHst 3arpsasHAloln Mare-
puajon

3. Pasanunsie GOpMH  CONYICTBYIONIEIO BOIACHCTBHS — H3pe-
MKHUBaAHHEe N yMll‘ITU)KL’NM(‘ JAE€COB HA CeBCPHOM npejete ux npons-
pacTannsi, HHTEHCHPHKAUKA NPOLECCOB TEPMOKAPCTa, najenne Hno-
JOTHYECKOR  POAYKTHBHOCTH  IKOCHCTEM, HapylIeHHe Npoueccon
HKHIHCACATCABHOCTH BHI10B ltvfl)’lll-l, HaAnpuMep, npu CTPOHTEALCTRE
wedre- W ra’onpoBoIOB, AWHHA FACKTPONEpELad 1 ap {Yenenckui,
1974).

Hayunbie OCHOBB OXpaHbl IPHPOIHKIX KOMILICKCOB ApKTikn n
CyGapkrikn 8 CCCP paspabathiBaiotcst pioM BY3OR It HAYUHKIX
yupexiennii, » tom uncae Llentpaanioit aaGopatopici oxpanst
npupoas  (LJIOI1) MCX CCCP, wmcionel otiea npHpoannx
koMnaekcos ApkTukit B CyGapkTHKI I HX OXPannl

|
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Hayvenne BAMAHIS ANTPONOICHNBIX (PAKTOPOB Ha NpipoLie
Komnaekcn Tyuapu LVIOIL nposoant raasiuim 06pazom ia pi-
Mepe BOpKYTHHCKOrO NpOMLWACHHOTO PaioHa (BOCTONHAS 4YacTh
KYCTAPHHKOBOA NOA30HH GO/bLICICMEALCKOR TyHaph). OCHoBHOA
METOA HCCACAOBANHA — KOMIAEKCHOE NPOGHAHPOBAHNE, PalildAbHO
ot r. BopkyTh 3aJ0XKeHbl reoMop@oaorHIecKie NPoGIaAK TIPOTH-
MEHHOCTBIO 0K0A0 30 KM Kawauh. K HitM npHypouesn KoMmniekc-
Hbie GHOJOrHYECKHEe NJOWLAAKH, Ha KOTOPWX MNPOBOIATCA MHOrO-
NeTHHE HAGAI0CHHA 38 HIMEHEHHAMM, NMPOHCXOAALUIHMH B PA3THYHBIX
NPHPOAHBIX KOMMAEKCAX MOA BJAHAHHEM XO3AACTBEHHOH IeATenb-
HOCTH YenoBeka

Mepene peayavtathi Hccaenosawuh LLJIOIT nokasmpalor, uto
(IPHPOAHBE KOMINCKCH HHTEHCHBHO 3arPA3HAIOTCA KaneasLHo-nhiae-
BHAHBMH BHIOPOCAMH MPOMUILAEHHOCTH M OTONHTENbHBIX CHCTEM.
BoaoeMu 3arpsa3HAlOTCA KHAKHMH OTXOJaMH  MPOMBILIEHHOCTIH,
WAXTHHIMY BOAAMY ¥ OLITOBHUMH OTEPOCAMH, OKA3NBAULIMI 60b-
Woe BAHAHHE HA BOAOeMbl TyHApH. [IpH 5TOM nowuxaercs KHcaoT-
HOCTb M YBEAHUMBAETCH MHHEDANH3AUMA BO1 B O3epax, pacno.o-
MEHHBIX BOKPYT IMAXT, YTO BBIIBAHO OCELaHHEM MENKHX YAaCTHIL W3
nuJeBux Mace, pa3nocHMbix Berpom. [lonasaune crounbix Boa
WAaxT B BOJAOEMB Bh3biBaeT THOeAb BOAHBIX pacTeHui. (Bexos,
1974). Habalonaetcs nouTH NoJHoe HCYe3HOBeHHe PHOLI B PYubsX,
Kyaa ocyulecTBAsieTcss cOpoC WaXTHHX BOA, B 03epax MOYTH BOBCE
OTCYTCTBYIOT BOJHbBE GeClo3BCHONHLIE 3a HCKIOUEHIeM  XIPOHO-
M1 Onako ¢ yaajerHem OT WaxT Ha HeGOALWOE paccioanne
BHJIOBOH COCT4B, YHCJACHHOCTL W GHOMACCA BOAHBIX O€CNO3BOHOY-
HBIX He OT/JHYAlOTCA OT TAKOBBIX NEPHPUPHAHOH TYHAPH. AHaau3
cTabHabLHOCTH coobuwecTs no metony Mak Aprtypa (1957), ocwo-
BaHHBIH HA COOTHOWIEHWH YHCAEHHOCTH, NOATBCPILILI, HTO HEKOTO-
pble BoAHbIE COOGULECTBA dPKTHYECKOH 30HBI MOTYT COXPauiTh
CBOIO CTPYKTYpY H BHJOBOM COCTAB MPH CYULECTBEHHOM HIMeHCHIM
napametpos cpean (H. B. Bexos).

B CBs3H ¢ BO3pAcTAalOWMM BJAHAHHeM 3arpsasnenini Bopkyrun-
CKOTO MPOMBILIEHHOTO KOMIIIEKCA, BOIHHKACT HEOOX0IHMOCTh i3y~
YeHHsi BO3JAEHCTBHH Ta30-NbJIEBHAHBIX BBIGPOCOB Ha pacTenis
Tynipbl. [loBbileHne B BOIlyXe KOHUEHTPALUMI TAKMX BpPeIHLIX
razoB, Kak SO, H,;S, CO npuBoAHT K HapyweHHio B PACTeHHAX
npoieccos Q)UT()(‘HMT"L):L FAMELJEHHI0 HX  pOCcTa, OTPABAEHIIO M
ru6eai. B pacTuTeabhoM MoKpose oKpectnocten BopryTii oco-
GeHHO B CCBEPHBIX H BOCTOYHBIX HauGosiee 3arpsisHeHibix 4actiy
paitona, otcyTeTBYlOT Juwaitnuku. [Tponcxoant cmeHa  BHI10BOTO
COCTAaBa B MOXOBOM NOKPOBe, NMOJHTPHXOBLIC MXH FJAMEHHIOTCR
JI)’.’]HK()MMM)’M()HN.\HL Ha cepepe p.’ll?lOle JaMeAseTes pocT \l:'.'ll'
HOBBIX MXOB M HAYIHAIOT AKTHBHO pPacTH JHKpanossie. A
30461 pacwum‘( NOKA3LIBACT NOBbIMEHHOC COACPARAHNHE J10CH S. Fe,
Al Pb, P. llpn Munepaiusalinm  pactesnit B 004Be 00pasyercs
CepHas Kunecaora, NMOBLILAKOULAA MHIPHIU(UIIII)}U CnocobHoCcTh poila
saementos (Al Zn, Cu, Mn)

[Tpn npoBexenn reonoropasBepoyHbIx paboT CHILHO paspy-
WIACTCH PACTHTCALHBIL NOKPOB, YTO HEH3GEKHO NPHBOIMT K Jerpa
A4l MHOFOJASTHHX Mepaahix rpyntos u 3posun noys (A H. Ky-
JIHEB)

Havenenne okpyxKawulef  cpetbl, yXyAmenHe ee  COCTOAHHA
NPUBOAAT K OGCIHEHINO BIIOBOTO COCTABA M COKPAULCHHIO HHCICH-
HOCTI Ha3eMHBIX NO3BOHOUHBIX TYHIPbI, B [EpPBYIO 0OUepelb OXOT-
HHUBC-TPOMBICOBBLIX H XHULHBIX BHIOB

AGcoaoTHBE Y4eThl NOKd3aan yMeHblielie JIOTHOCTH [HEe310-
Bauns nTHi ocoGenno B 10-KnaoMeTpoBoit 30ie BOKpyr Bopkyriu-
CKOI'O NPOMBILJIEHHOTO KOMIMJEKCa. 3/1ech JKe OTMEYEHO CORpalile-
Hie  KOAMYECTBA  FHC3AALLMXCA BHAOB NTHU (N0 CpaBHenitio
¢ okpyKalomen Tynapoi orcytetBylor 14 sinos). Ha npumepe
l](lll_\'.‘lﬁlll”( JanJIaHACKoro NOJAOPOKHHKA OTMEUEeHO H3IMCHEHWE
MOPGOGHIHOAOTHYCCKIX HHIEKCOB BHYTPEHHIX OPranoB moi Bais-
HHCM 3arpsisHenns BHewinei cpeabi. Bo BpeMsi BeCCHHHX 1poaeToB
ri6ret vacea Geawx Kyponatok, paibusasich o nposota (B. A Jlo-
Ganos).

Jlas onpejenenits cTenen BAIKHUA AHTPONIOrEHHBIX $akropos
Ha npupoinvie Komnaekes Tynapst LVIOLD waunnaer npumessts
61HOJOMMYCCKIIe HHAHKATOPBL. JTO lpeXie BCEro psa BHIOB MXOB
W AHILARHIKOB, HEKOTOpble cOO6llecTBA BOANBIX GECNO3BOHOUHBIX,
Cnoco6HbBIC AKKYMYAHPOBATH NPOAYKTH HPOMBIILIEHHBIX 3arpsiine-
HHIl, a4 TakkKe BILIB OTHI — HX MOPGOPHINOJAOTHYECKHEe Napame-
Tpui (no meroanke akaa. C.o Co Hlpapua), annaMika YHCACHHOCTH,
0CO6EHNOCTH BGHOTONMHYECKOTO  pPasMellens, X014 MNepHOIHUYECKHX
ABACHIN B HX KIIHH,

V. V. Kryuchkov
(USSR, Moscow)

THE CHANGE OF THE NORTHERN ENVIRONMENT
AS A RESULT OF ITS USE

Forecasts of anthropogenic impact on the Environment enable
taking steps to avoid deviations in ecological equilibrium and
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to a chieve more harmonious relationships between the man and
the Nature.

Soil-vegetative cover has undergone maximum changes in the
course of economic exploitation of the Extreme North. As a result
of man's impact, which started 3—6 thou. years age, in combi-
nation with natural processes, the northern boundary of forests
moves southward; thus the band of relative forestiess of the taiga
is found to increase, reaching in the Soviet North about
500 000 km?. This band can be successfully used for forest-plan-
tations purpose.

Construction of settlements, mines, air-fields, roads, oil-and-
as pipelines etc. result in increase of forest fires and lead there-
ore to expansion of forestless areas in the northern taiga and
forest-tundra tens and hundreds kilometers down to the South.

If we assume that relative forestless of tundra will be increas-
ing by 0,5% every year, then during 30 years the forestless band
will increase by 75000 km?, i. e. vast areas of the northern taiga
will change into forest-tundra.

If we assume that tundra-like territories will be increasing
by 1% every year, then during 30 years the forestless areas in the
North will merease by 150000 k. The above fignres are the
lcast of possible, for 400 50 years ago, many cities and settle-
ments in the North, now found in forestless arcas, were surround
ed by sparse growth of trees and even by forests

It should also be taken into account that more than 3 million
deer, both domestic and wild, cross the northern boundary of
forests twice a year; they cat voung sprouts, leaves; trample down
shoots etc. Deer herds are accompanied by thousands of reindeer-
breeders who use trees and bushes as firing; this often results
in forest fires

It is an often case that the vast territory of the Extreme North,
with its permafrost grounds, and mineral resources being de-
veloped only near industrial centres, is devoid of flood-lands:
changing marshes into meadows is impossible under permafrost
conditions.

The only way to expand agricultural lands here is to develop
tundra, forest-tundra and northern-taiga areas. Up to now, more
than 600000 hectares of such arcas near industrial centres haye
been exploited; of this 3000 hectares fall on tundra and fore
tundra

In future, these territories used for growing vegetables and
fodder grass would expand forming wider concentric bands
around industrial centres in tundra and forest-tundra.

Grounds and relief. In 1940--1950-s, it was thought that per-
mafrost hampers erosion development, conserves landscapes and
prevents the latter from rapid changes (Grigoryev, 1946, Sokoloy,
1952). However, recent decades of intensive industrial develop
ment showed that permairost grounds is a vulnerable component
of the natural systems. It is a natural vegetative cover that is
capable of preserving the relief.

An intensive growth of thermokarst-erosion relief coincides
with the time when heavy vehicles first appeared in the Extreme
North, destroying the moss-grass cover. Thermokarst-erosion
forms of the relief (chasms, pits, ravines) appear both in rainy
and dry warm weather due to melting of surface ice. Ravines
propagate at a rapid rate-from 8 to 25 m per year-making vast
areas useless for economic application

Dust is an important factor in thermokarst formation growth
Shvetsov (1964) revealed that during warm periods the increase
of soil temperature and hence of the heat flow density in the
upper layer occure during the same periods of time from the
South to the North. It means that in case the increase of tempe-
rature of the air and soil surface is the same, the thickness in-
crement of a seasonally-melted layer will be greater in the North
than in the South.

This fact resuits, in particular, in a greater number of thermo-
karst lakes in tundra as compared with forest-tundra, and in
forest-tundra the number of lakes exceeds that found in northern
taiga. If anthropogenic factors (removal of the moss-peat layer;
dust formation) are added to usual temperature fluctuations (2
3 year periods, 11 year period ete)) this often results in destruc-
tion of roads and buildings; in formation of water basins in which
buildings submerge.

At present, 10--20% of the territory in the vicinity of a num
ber of settlements is covered with thermokarst-erosion ravines,
lakes and other negative forms of relief

The lack of eversurface phytomass and roots to strengthen
the soil results in intensive bulding and frost sorting of the soil
and, thus, to expansion of territories covered with spotty, knobby,
polygonally-cracked forms of microrelief

It is known that the abundance of phytomass in the North is
in reverse proportional dependence to the amount of zonal micro
relief forms mentioned above; these formations are observed mainly
in polar deserts and in Arctic tundras; as one moves southward,
the number of these decreases

However, as a result of man's activity, polar desert and Arctic
forms of microrelief are now found in forest-tundra and cven in
taiga

Animals. As a result of settlements appearing in the North,
some birds and animals get shelter and food; among these are
skuas, sea-gulls, snipes, blackbirds, lemmings, ermines, etc.

At the same time during recent decades it was observed that
forest animals were moving to the Northern tundra zone: elks,
brown bears, red foxes, lynxes, martens etc. This may happen
because the man came to inhabit the tundra. However, the reason
of this phenomenon has not yet been cleared.

Creation of artificial phytocenoses is now under way, i. e.
meadows in the tundra are surrounded by forest and bush bands
to improve the microclimate and to raise the harvest.

Just as zones of forest-steppes and steppes are used for
growing corn, in a few decades the zones of tundra and forest-
tundra will be used for foddergrass cultivation to develop local
milk cattle-breeding and reindeer-breeding.

In a few decades, the greater part of typical tundras and
Arctic tundras will apparently become zones for rearing musk-
oxen.

Foddergrass cultivation will help bring to a stop the expansion
of thermokarst-erosion and knobby forms of the relief. Wild self-
regulating ecosystems of Arctic and sul-Arctic will be preserved
only in reservations which should cover not less than 20% of the
Extreme North territory.

B. B. Kprouxos
(CCCP, Mocksa)

W3MEHEHHWE NMPUPObI KPARHEIO CEBEPA
B CBA3H C EFO OCBOEHHEM

[Tporuo3pl anTponoreHHbix BO3ACHCTBHA Ha NMPHPOLY AaWT BO3-
MOKHOCTb NPHHATL MEPbl K NPEOA0ACHHIO OTKJIOHEHHA B 3IKOAOTH-
YECKOM PaBHOBECHH H J0CTHUYL 60.¢e rapMOHHYHBIX B3aHMOOTHO-
WIEHITH YeJ0BeKa ¢ NPHPOIOH.

[louBenHo-pacTuteabHoil nokpos B npouecce ocsoenns Kpad-
wero CeBepa noaBepraetcs Han6oapuicmy namenenuio. Boanehcr-
BHC YCJI0BCKA HA CEBEPHYIO TPaHHIly JAecoB, Hayasuweecs 3—6 Twca-
HeaeTHIT TOMY Ha3al, B COYCTAHHH € CCTCCTBEHHBIMH I1POLECCAMH
BELCT K OTCTYNICHHIO e¢ K 101y, BCICICTBHE Yero BospacTaer nojoca
oTHocHTeAbHOTO Gedaccus Tynapu. Ha Coserckom Cesepe oHa
pasusietca ceftyac npumepno 500 Twic. km’ B s3t0it  noaoce
BO3MOKHL  yCNCWHbC Acconocankd. CTPOMTEABCTBO HAaCeTeHHBIX
NYHKTOB, PYIHHKOB, a3pOIPOMOB, 10por, HedTe- W rasonposoios
H T. 1 M CONYTCTBYIOUICE HM YBCJIHYCHHE NOKAPOB BE1VT K BO3pAC-
TAHHIO NJOWALH GE3NeCHLIX YYaCTKOB B CEBEPHON Talre, JecoTyHipe.
NPOHHKHOBEHHIO 06C31€CEHHBIX TYH1PONO106HHX y4acTKOB Ha 1¢
CATKH H COTHH KHJIOMeTPOB K ory. Ecan npuHaTh, uto exeroinoe
VBEAIMEHHE OTHOCHTEALHOTO 6e3necst TyHApH 6y1eT npoicxo1dTs
peero Ha 0,5% no oTHOWEHHIO K CYULECTBYIOULCH noaoce, TO uepes
30 aer  Geinecnasn noJaoca  Boipacrer 3a cueT JeCOTYH 1IPpbl Ha
75 Thic. KM, T. €. 3HAUMTEIbHble PAHOMLI CCBEPHOR TaWrH npespa
TATCH B .1(‘\‘()1_\'";[]"\' r.(.'l" NPHHATL, HTO T)ll[ll!()ll(lll)()"hll' Teppy
TOPHH eXeroAHo 6V 1yT yBeanmunBathes Ha 1%, 10 uepes 30 aer
Geraecubie miomain na Cesepe Bo3pactyT wa 150 twic. kw? 3t
HHGPBL HAHMENBLIINE 113 BOIMOKHBIX, NOCKOAbKY 40--50 et Ha3an
MHOTHC CCBCPHBIE TOPOAA H MOCEAKH OLIIH OKPYAKEHBl PelKOIeCh:
AMH B 1AKE J1eCaMi, a Tenepb HAXOAATCH Cpetn 6e3TeCHBIX NpocT-
‘IXIH('TH.

llt‘()()\(),'ll'\!() TAKKE )“Il‘('TI'. yro Goaee 3 MaH. roaos 01EHCR
AOMAWHIX B IHKHX —— 1BAaXK1bl B [0 NEPECeKalnT CeBCpHYI0 [pa-
HIILY JecoB, OOKYCHBAs noApoct, ofnveras noberd, JHCTbR epe
BLEB i1 KYCTApHHKOB, BuTanthisas Bexoam u 1.1 Co crazamn
ONCHCH NCPCABHIAKTCR  THCAYN  OACHEBOAOB, HCHOALIVIOULMN Ha
TOMANBO i1 APVEHe GLITOBBIE HYXKIAB 1CPEBbR M KYCTAPHUKI, npi
ITOM HEePE1KO BOSHHKAIOT NOARApH

Ha orpomuoit tepputopun Kpafnero Cesepa ¢ ero seusomep-
FALIMI TPYHTAMH B O4ATOBBIM OCBOCHIICM MHHEPAILHBIN PECypCoB
BO3JAC NPOMBILLICHHBX UEHTPOB 4acTO OTCYTCTBYIOT NOAMBL  peK,
a4 ocBoeHite GOJOT MOA JAyra Ha BEUHOR Mep3toTe HEeBOIMOXKHO
EAuneTsennnil nyTh 1A paciipenis ceabCKOXOINHCTBCHIBIX VIO~
AW 31€Ch - 3T0 OCBOCHME TYHIPOBBIX, JCCOTYHAPOBBIX 1t CEBCPO-
TACAKHBIX 3eMC b, YAKe B HACTOAULEE BPeMst BOKP\ T IPOMBILLICHHO
wyerpaasiuix tentpos Kpainero Cesepa CCCP takux semean
OCBOCHO Goace 60O THIC, Ta, 13 HEX B TYHIAPE W AeCOTYHIPE OROI0
3 e, ra. B oaaasneiinem tepputopitin BOKPYE NPOMBILICHHO-HH-
AYCTPHAABHBIX HCHTPOB TYHIPHE 11 ACCOTYHAPBLL, 3AHATHIC N0 OBOLL
HLIC KYALTYPH H KOPMOBBIC Tpanbl, GYIyT BO3pactath, OKpyXKan
STH IENTPhl Bee 60J¢e WHPOKHMIE KOHUCHTPHUCCKIMIT  010CaMH.

Howsoepynror u peaved. Euge s 10 50 X roaax naero croaetns
TOCHOACTROBAAA TOYKA IPCHHA, HTO BCHHAR Mepiaora npensrcraver
'Hi IBHTHIO 'p(] IHH, KON p“li[“\t'l .ldIIUIIJHtHH " NpenaTc Tyer
ux o Ouerpomy Kaveneno (A A Tpuropren, 1946; A A Co
woao8, 1952) Tlocacanne 1ecHTIACTHE HHTEHCHBHOTO HPOMBILLACH
HOLO OCBOCHRS MOKAIATH, HTO HMOHHO BCTHOMEPAJABLIC TPYHTH, HA
CHHPHCHNLBE Ab1aMK, OYCHB VHABIMEBIH KOMIIOHCHT ll|‘l|[‘ﬂ1|||-‘\ (S
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ctem. He pewnan mepasora, a ecrectsennsift pactireapHbifi NoKpos
cnocober coxpanath peased. Hutemcusnwmh poct Tepmoxapctoso-
3POINOHHOTD peabeda coBnalacT ¢ nospiennem Ha Kpafinem Ce-
BEPe THXEAWX MAWHH, yYHHUTOKAUIHX MOXOBO-TPABAHHCTHA M0-
xpos. TepwoxapcToBo-5po3nORHNEe GopNM penbeda — npocanks,
NpoBann, OBPATH — 06Pa3YIOTCH KAK B 10XIAJIHBYIO, TAK H B CYXY10
TeNAYI0 NOroly 3a CueT TAAHMS NOA3eMHbX Abaos. Osparu pacrtyr
¢ 6oabwoR CKOPOCTLIO — OT 8 10 25 M B roa, npHyem HaHGoaee
MHTEHCHBHO 3a CYeT MONBACHHA OTBEPUIKOB, BLIBOAK W3 XO3AfcT-
BEHHOr0 NOAb30BaHHN GO/bUINE NAOLLANH.

Baxunim dakTopoM pocTa TepMOKAapcTOBhix 06pa3oBaHHA AB-
anetca Takxe 3anwiaenne. [1 @, lseuosnnm (1964] ycranosaewo,
4TO BO BpPeM# MNOTenJieHus NpupallleHHe TeMnepatypul B nouYse M,
€J1€10BaTeABHO, NJOTHOCTL TENJOBOIO NOTOKA B BEPXHEM ee C.oe
YBEAHYHBIOTCA B OAHH H TC XKe OTPEIKH BPEMEHM C 10ra Ha cenep,
b A A npu OAHHAKOBOM NOBLILICHHH TeMiepaTypul BO3/1yxa H 1o-
DCPXHOCTH NOYBLI NpHpalueHHe TOJUIHHB CE30HHO-TAJ0r0 CJO0f Ha
cepepe Gyaer 6oabuie, ueM Ha Ore. T0 CKAa3LBaeTCs, B YaCTHOCTH,
Ha 3HauMTeJAbHO 6oJbleM  KOJHYCCTBEe TEPMOKApCTOBHX 03ep
B TYHAPE MO CPABHEHHIO ¢ JCCOTYMAPOR, a B ACCOTYHAPE NO CpaB-
HeHHIO ¢ CeBepHON Tadiroi. Ecan me wa obbluibie TeMnepaTypHbie
Kone6auus (2—3-aeture, Il-aevHue W 7. 1) NaKNAAKBAKOTCA aHT-
ponorennble QAakTOPH: VIAJCHHE MOXOBO-TOPPSHUCTOrO C€JA0H, 3a-
nbiJ€eHHe, — 310 HEpe1KO BEAET K npoBa.aaM i paspyuiesuo 1opor,
3,'13""‘1, 06p33058)“ﬂ() BOJOEMOB, B KOTOpbLIE norpyxaprcs nocr-
POHKH 1 T. n. B HacTosllee BpeMA B OKPECTHOCTAX Pila Haceaen-
HBIX NYHKTOB OT 10 10 20% TeppHTOpHH NOKPHLITO TEPMOKApCTOBO-
3PO3HOHHBIMH OBparaMH, npoBafami, 03epaMi n JIPYrHMu oTpHua-
TeabHBIMH QopMami peabeda.

YMenbuleHHe HaZ3eMHOH (QHTOMACCH H KOPHeH, CKpemasiounx
NOYBY, BeleT K HHTEHCHBHOMY MY4YeHHIO, MOPO3HOA COPTHPOBKE
FPYHTOB H COOTBETCTBEHHO pPOCTY TeppHTOPHA, 3AHATHIX (IATHH-
CTBHIMH, GYrOPKOBATBLIMH, NOJAMIOHA/JILHO-TPELICHOBATHMH opMaMu
Mukpopeabeda. Hssectho, yto Ha Ceepe 06HAHe HTOMACCH H
KOAHYECTBO HA3BAaHMLIX 30HanbLHbIX  GopM  MHKpopeabeda Haxo-
aatcs B 06pPAaTHON NMpPONOPUHOHAIBHON 3ABHCHMOCTH: 3THX 00pa3so-
BaHHA 60JblUle BCEro B MNOJAAPHBLIX NYCTHIHAX W B APKTHUECKHX
TYHAPAxX, MO Mepe NBHAKEHHS K 10Ty onin ymeHbmawTtes. Ho seaen-
CTBHE 1eATEJTbHOCTH 4EJ0BEKAa B HACTORUlCEe BPEMA WIALT npoOABH-
KeHHe Ha 0r — B JecOTYHIPY H iaXe TaHry-— noNAPHO-NyCThiH-
HBIX H aDKTHYECKHX hopM MUKpopesbeda

MKusotroui mup. TIPOHHKHOBECHHE 4eNOBEKA Ha CeBep CO CTPOH-
TEAbCTBOM HACEJEHHBIX [YHKTOB, HeH3GCKHBIMH OTXO1aMu laet
HEKOTOPBHIM KHBOTHBIM JIONOJAHNHTEAbHDIE YKPHITHS W KOpM — Mo-
MOpHHKaM, HH“K’dM. KY.IHKaMm, ApO3/1aM, JEMMHHraMm, FOpHOCTaﬂM
M 1p.

BMmecte ¢ 3THM oTmeueno, uT0 B nocieiHHe AeCATHAETHA Ha-
G6awnaeTcn }CTOfI‘HlBO(‘ MPOJIBHAKECHHE JIECHBIX KHBOTHBIX Ha CeBep,
B TYHIPOBYIO 30HY: J0Cb, Oypbili MeiBeib, KPacHas JHCHUA, PhiCh,
JecHas KyHHua Ap. Hpn'muu 3TOr0 SABJACHHA 10 KOHIlAa He BbifC-
Hena. He HMCKAO4EHO, 4TO OHO CBR3AHO C NPOABHKEHHEM Ye OBEKA
B TYH1pY.

Hauunaercs cosnanie HCKyCCTBCHHBIX QHTOUCHO30B — 141V KCH-
Hble Y4aCTKH TYHAP OKOHTYPHBAIOTCA JeCOKYCTAPHHKOBLIMH N0.10-
CaMH, KOTOpBIE yJAyulalT MHKPOKAHMAT nojeil H Ccroco6erByioT
nosuwlenuio  ypoxas. Tak ke Kak 3omb Jdccoctened u creneh
CTANH 30HAMH BO3NEABLIBAHHA XA¢60B, TaK M 30HBI TyHAPBl M
JECOTYHIPH CTAHYT 4Yepe3d HECKOJbKO JeCSITHIACTHI 30HAMH TPaBO-
CeAnns, rae 6yJ¢T PAasBUBATLCA TIPHTOPOAHOE MOJOHHOE KUBOTHO-
BOACTBO H  0OJE€HEBOACTBO. bBoabian HACTh  THOHYHBIX  TVHD,
4 TAKKe ApKTHHeCKHe TyHIpbl CTAHYT, MNO-BILIHMOMY, yepes He-
CKOJIBKO ACCATHACTHII TAKAKE 30HOH passelennsi osieOLIKORB

Tpasocesnne Gyaer cnocoGCTBOBATHL NPEKPALLEHIio pocta Tep
MOKapCTOBO-3PO3HOHHBIX  #  MeAKOOYrpucTbix  dopm  peanedia
151 TOALKO B 3ANlOBEJIHHKAX, KOTOPHE 10UKHBL 34HIMATL He MeHec
20% vepputopin Kpaimero Cepepa, Gy1yr coxpamennt ankic ca
Moperyaupyembie skocucteMu ApKTHiat 1 Cy6apKTikii

Yu. G. Zharkova
(LSSR, Moscow)

IMPACT OF CERTAIN ANTHROPOGENIC FACTORS
ON TUNDRA COMPLEXES OF EUROPEAN NORTH
OF THE USSR

In connection with infensive economic development of northern
regions, an increasing attention is being given in the USSR to
the study of anthropogenic impact on tundra biogeocenoses. This

impact is great and includes the following factors

I. Industrial pollution of the Environment, which often results
in variations in physico-chemical properties of the air and soil
This in its turn affects photosynthesis and production of vege
tative communities. Industrial enterprises exert influence upon
thermodynamical processes, which is of a great importance under
permafrost conditions

11. The impact of transport on vegetative cover and . soil
Destruction of moss cover and peaty level leads to increase of
melted soil level. This results in degradation of permafrost and
in formation of thawing spots. As a result ravines and pools
often come into being. However, it is not always that ther arst
events result in erosion development.

III. The impact of pasturage. It has both positive and negative
aspects: 1) increase orplnnts not much eaten by animals, 2) bet-
ter conditions for seed germination as a result of destruction of
soil cover during deer pasturage; 3) destruction of moss cover
and peaty level on the steep slopes may result in erosion for-
mation.

The Bolshezemelskaya tundra is a most suitable region for
studying the above impacts. This region combines intensive indu-
strial development (coal, gas-and-oil industry) and agriculture
Accordlnf to a number of authoritative specialists (A. A. Grigo-
riev et al), this region is a nice model for studying main cha-
racteristics of tundra landscapes.

Investigations carried out in the eastern part of the Bolshe-
zemelskaya tundra (Vorkuta industrial complex) show that coal
industry has great influence on biological and chemical composi-
tion of water basins, i. e. the amount of oxygen is found to de-
crease by 1,5—2 orders of magnitude; plankton at water-removing
points resembles plankton of biological winter (amount of or-
ganisms-filtrates is found to reduce by 60%).

Pit gases pollution exerts great influence on snowmelt inten-
sity, on species composition and phenology of plants, on produc-
tion 'and growth of flora. Vegetation and fiowering of plants near
the pits starts 5—6 days earlier than in plants communities lo-
cated 6--7 km far away from pits. Growth of willow in a willow-
grass-moss communities and growth and production of sedge in
a sedge-moss communities near the pits (at a distance of 0,5
I km) is somewhat higher than that in plants communities locat-
ed far away from pits, by 30 -35% in the case of willow and by
10% in the case of sedge. This is explained by the fact that near
pits the depth of permafrost-melt is 10—15 cm larger than that
in plants communities which are not subject, or subject to in-
significant extent, to man's impact. It is an often case that in the
regions of coal strata development there form gaps which are
filled in with the earth collected from surrounding area which
exceeds the area of a gap to be filled in, by 810 orders of mag-
nitude. As a result, vegetation and upper soil leve| are destroyed
at vast areas, and it takes a long time for other vegetative groups
to form here. However, if proper land-reclamation measures are
taken, new phytocenoses can be created, with cereals crops pre
vailing. Productivity of these may be much higher, than pro
ductivity of local plants community.

The impact of different types of machinery (tractors, cross-
country vehicles, motor-vehicles) is very dissimilar when used in
different seasons

Cross-country vehicles have the least influence on tundra bio
geocenoses when they drive one way in winter: individual bushes
damaged; no destruction of moss cover and peaty level observed:
thermokarst crash and pools absent. Dynamics of groundmelt
observed under cross-country vehicles' track in winter and in
local plants communities is almost the same

Cross-country vehicles’ drive in summer results in destruction
of bushes and moss level. The depth of melting on the track ex
ceeds that observed in undisturbed plants communities, by 12
15 cm. The maximum difference is observed in spring (15
18 ¢cm); by the end of summer it comes to 8 10 cm. On southern
slopes, thermokarst crashes are often formed along tracks

Tundra phytocenoses are most seriously damaged by tractors
bushes and shrubs are found completely destroved, mass cover
and peaty level seriously damaged. Damaged moss cover slips
along the tracks down the slopes; pools come inta heing. The
depth of melting on the track exceeds that observed in undisturb
ed plant communities, by 20--30 cm. In the following vear, pools
20 50 em deep are oiten formed in tracks

The impact of motor vehicles on tundra biogeocenoses may be
different and depends on intensity of the use of landscapes, espe
cially those crossed by roads, as well as on other factors. [t
should be noted that the depth of melting observed on motor
roads, where we have unclosed moss cover, is 22,5 orders of
magnitude less than in local willow-grass-moss communities. The
impact of the above anthropogenic factors on tundra phytocenoses
is found to be great and further investigations on {his problem
are to be made
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0. I'. Xapxosa
(CCCP, Mockea)

BJIHAHHE HEKOTOPBIX AHTPONOTEHHBIX ®AKTOPOB
HA TYHAPOBBIE KOMNAEKCH
EBPONERCKOIro CEBEPA CCCP

B CBAIN ¢ MHTEHCHBHBIM XOIAACTBEHHLIM OCBOCHHEM CEBEPHBIX
pafonos B CCCP Bce 6oablee BHHMaHWe yICASETCH H3ydeniio
AHTPONOTEHHOrO BO3AEACTBHS HA TYHAPOBbIe OHOTeOLPHOIM. 10
BIHAHHE OTPOMHO H CBONHTCH K CACHyIOLIeMY:

MMpoMuwaenHoMy 3arpasHennio cpeasl, 4acto NpHBOARUeMY
K HIMEHEHHIO QHIHKO XHMHYCCKHX CBOWCTB BO3AyXa M NOYB, KO-
TOpOe B CBOK OYepenb, Bo3AeACTBYeT Ha GOTOCHHTE3 H MPOAYKIHIO
PacTHTeAbHHX coobuiects. Boabwomy BAHAHMIO NPOMBILAEHNBIX
NPEANDHATHA Ha TEPMOAMHAMHYECKHE NPOLECCH, YTO B YCAOBHAX
BCYHOR MEpP3INOTH HMeeT OueHb 6OAbILIOE 3HAYEHHE,
2. Boaneficteuio Tpancnopta Ha pacTHTeJbHbIft NOKPOB H NOYRy:
YHHUTOXEeHHe MOXOBOTO NMOKPOBA M TOPGANHCTOrO FOPHIONTA Bul-
3bIBACT yBeNHYEAHE MOUIHOCTH OTTASBUIErO FOPH3OHTA NMOYBH, T. e.
MPOHCXOXHT nerpanauns BeyHOR Mep3noTst H GOpMHPOBaHHe Ta-
JMKOB, B pe3yabTaTe 4ero 4acto o6pa3yloTcsi OBpParH HAH npo-
MoHHb. OXHaKo He Bcerla TepPMOKAPCTOBWE SBACHHS MPHBOAAT
K Pa3BHTHIO 3PO3HH.

3. Bausumio nacte6u ckota, KOTOpoe B TyHApe HMeeT H HOJ0-
XIITETbHBIE 1t OTPHUATE.ILKLIC CTOPOHBI, @ MMEHHO: Ha nacTGumax
YBCAHUHBACTCH OGMIME MATONOCTACMLIX PAaCTeHHA, a4 B peiyap-
TATE HADYIUCHHA HANOYBCHHOTO NOKPOBA YAYHIIAKOTCS YCJAOBHS Aas
npopactanus cemsn. Oanako Ha KPyTHIX CKIOMAX HapyluewHe ie-
JIOCTHOCTH MOXOBOTO NMOKPOBd H TOPHRAUHCTOrO TOPH3ONTA MOMKET
NPHBECTH K 3PO3HH.

OnTHMalbHBIM PafloHOM 135 H3yueHHs BO3ACHCTRBIS nepeuc-
AEHHBIX Bbillie aHTponorennuix Gaktopos ssaserca Boaumesemenr-
CKasi TYHAPA, rjie COMETAlOTCA MHTCHCHBHOE PA3BHTHC NPOMBIIICH-
HOCTH (yroanHod, rasonedre106uBaOUIER) i CCALCKOTO XO3AMCTRA,
Boabwesemeabckan Tynipa, no MHeHNIO psaa  CHEUNANNCTOB
(A. A. TpHropbes M ap.), cAyKHUT NPEKPAcCHOR MOI1eabI0 1781 it 3y -
YEHHA OCHOBHLIX XAPAKTEPHCTHK TYHAPOBHIX JaHaadTos.

Heecaeaosanns, nposeicnubie naMu Ha BOCTOKe Boabuieiese.ts-
CKOR Tywapu (BopKyTHHCKHIE NpPOMBIIAEHHBIT KOMNIEKES), mnoKa-
347, 4TO YroJbHasi NPOMBILLIEHHOCTH OKA3bIBACT OFPOMHOC BAMSHHE
Ha GHOJOTMYECKHI M XHMHMUCCKHIT COCTAB  BOZOCMOB:  KOHue-
CTBO KHCAOPORd B BOAOEMax ymedbwaerea 8 1\5—2 pasa, ngank-
TOH B MecTax c6poca HANOMIHACT NJAAHKTOH GHONOrHYECKON 31MLl
(KOJAHYECTBO Opranu3Mos - GUALTPATOB yMeHbluaeTcs nHa 607 ).

38.’!HM-’H'HNOCTb WaxTHLIMIt 14320MH CIVIBHO li()).'ll‘l"{\‘Tll)‘\'T na
HHTEHCHBHOCTL CHETOTastHUS, BHIOBON cOCTaB M GEHOJIOTHIO pacTe-
HItH, MPOAYKUMIO W NPHPOCT pacTHTeABHOCTH. Beretannst W upere-
HIte pacTenmnit BOANIN IWAXT HAYMHAIOTCS Ha 5—6 aweilt pawnuwe,
4eM B COOGUECTBAX, PACNOJOKeHIBIX B 6—7 KM o uux. [lpupocr
HBH B uBHmmmrpanmrpannwwnnuux ('l)l)ﬁll[(‘L‘THﬂ‘. a TakKe
NPHPOCT M NPOAYKIHA OCOKIt NPAMOCTOSIIEH B  OCOKOBO-MOXOBOM
coobuectse BOAM3IKH waxt (B 05—1 KM OT WAXTHI), HECKOJLKO
BLILE, HYeM B cOOGMICCTBAX, YAAJNCHHBIX OT HHX Ha 3HAUHTEALILIC
paccTosinun: y uBbl — Ha 30—35% y ocokn —na 10%. 310 06bic-
HACTCA TeM. 4TO rayGHHa OTTAMBAHKA Mep3J0Thl BOAMIW IWaxT Ha
1015 ¢M Goawme, uem B MecTax Ha NOABEPAKCHHLIX COBCEM i1
NOJABEPAKEHHBIX B HEIHAUHTEABHON CTENCHH BOIAEHCTBHIO HEAOBEKA.
Hacto B Mectax paspa6oToK yroabHbix naactos 06pasyiorcs npo-
BaJbl, KOTOpbe 3achinaloTcs 3emaelt ¢ OKPYKAIOMNX  YHACTKOB,
NpeBHWaOUHX no naowan nposaast B 810 pas. B peayaprare
ITHX PaBOT NMPOHCXOAMT YHHUTOKEHHE PACTHTEALHOCTH H BEDXHIX
TOPH3OHTOB NOYBbI HA OFPOMHBIX MJIOILAANAX, IA€ HOBBIE PACTHTEC.IL-
Hbie TPYNNHPOBKK 06pasyioTes ouenb Memiento. OaHako Ha 31mx
YH4CTKAX NMPH HAANCKAULIX MCAHOPATHBHBIX MEPORPHATHAX MOKHO
€031aTh HOBHIC QUTOLEHO3BI, B KOTOPHX OyiayT npeo6aaiatsh 31aku
H MPOAYKTHBHOCTL KOTOPBIX MOMKET GbiTb 3HAUHTCALIO BHILE, qeM
KOPEHHbIX nopoj

Bausnne pasanunbix Buaos mauntn  (tpaktopos,
ABTOMAUIIH) B PA3IHBIC CE30HBI BECLMA HCOAHHAKOBO

Hanmenbuwee Bausnme Ha TyHAPOBBE GHOrEOHEHOIN  OKA1bi-
BAIOT BE3eXonnl NPH OJHOPAIOBOM (IPOXOKICHIH 3UMOM: OHi 110-
BPEKAAIOT OTACABHBIC KYCTADHHKH, HO He HApYIAawT MOXOBWIT
MOKPOB M TOPGAHUCTBIA rOpH3oNT. TepMOKapCeToBLX Npocanok it
NpOMOHH He obpasyerca. JIMHaMHKa npoTanBanms rpyHta 101 Bei-
J€XO/HOR 3UMHER Koaeell M B KOpeHHbX cooOULecTBAX HOYTH O/1H-
HaKoBa.

Tlpn aBimennn Besnexona aetom Habaio 1AIOTCH MOBPER 1enHA
KYCTAPHUKOR, MOXOBOTO ropusonta. [ay6ima npotanBanins na pes-
NEXO0AHOI Koace wa 1215 cn 6oabIIC, YeM B HEHAPYWEHHON ¢0-
obutectre. Ocobenno Beawka pasunua s ray6uue npotansanns
BECHOR (15--18 cm) u Mennie K kKouiy aeta (810 em) Ha ox-
HBIX CKAOHAX N0 TPAKAM [yCennil 4acto o6pasyloTes TepMoKapeTo-
BHIE NPOCATKN

Hanboavwmit spex tynaposum  dumronenosam  wanocar TpaK-
TOPHE: KYCTAPHIKOBKI N KYCTAPHHUKOBBI APYCH NPH WX 1B11Ke-
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HitH OLIBAIOT NOAHOCTBIO YHHYTOMENM, 8 MOXOBOA MOKPOS W TOPS-
HICTHA  rOPHIOHT — nospemaens ovens cwabwo. Ha KpyTHX
CKAOHAX NO TPaKaM TryCeHHll MPONCXOAMT CROAIBMHE HapYyWeNnoTo
MOXOBOTO NOKPOBA BHHI NO cmou% obpasyworcs npomonns. ay-
OHHA NPOTAHBAHMA HA KOJEAX Ha —30 cm Goanuse, yem oxpy-
AQOUHX HeHapywennux coobuwectsax. Mo caeram 1paxrops Wa
CACqYIOUNA 101 4acTO 06pa3YIOTCA NPOMOHHM ray6unod 20—50 cm.

Bausanua aBTOTpaHCNOpTa HA TYWAPOBMe GHOTeOLUEHOIW BECHMA
PA3IAHYHO H 3ABHCHT OT HHTEHCHBHOCTH ABHXeHHA, ocoBewmocTef
.1aumua(§nun. N0 KOTOpWM MPOXOAHT 10pOra, M paaa ApPyrAx @ex-
TopoB. Cael1yer TOAbKO OTMETHTH, YTO rAyGuHa npoTaHRswNg N8
aBTO0pOTE, Tle HMCETCA HeCOMKHYTMA MoxosoA noxpos, s 3—
2.5 pa3a Mewble, 4eM B KOPeHHWX HBHAKOBO-Pa3HOTPABHO-MOXO-
BLX coobuwecTsax. Bansnne nepevHCIeHHHX aHTPONOreHHHx @ax-
TOPOB Ha TYHAPOBBIC QHTOUEHO3W OYeHb BEAHKO, H HCCIeAOBANNA
110 €70 H3YHEHHIO CaeayeT NPOACAMMHTL.

B. B. Borzhonov, E. K. Borozdin,
N. O. Dyachenko, V. A. Zabrodin
(USSR, Norilsk)

THE DOMESTIC REINDEER INDUSTRY INFLUENCE
ON THE FLORA AND FAUNA
OF THE TUNDRA_ OF THE USSR

There are about 2,5 min. of domesticated reindeer in the So-
viet Union, or almost 80% of the world number. The reindeer
industry is one the most important branches of the Extreme North
Agriculture and the basic field of the economy and material wel-
fare of the Natives. The profitable reindeer industry yields the
marketable highquality production.

The reindeer is the only agricultural animal which can use
the scanty north pastures all the year round drawing into the
economy the enormous tundra and taiga territories. In the de-
veloped reindeer industry regions 100 ha of the reindeer pastures
yield 40 metric centners of the reindeer production.

Nowadays there are two systems of the reindeer industry ma-
nagement in the USSR: open-herding (the animals are watched
by the herdsmen who control and direct the reindeer moving),
and close-herding at the enclosed pastures (the animals graze
free, but the territory is limited with the fence)

The various management systems of the herds influence dif-
ferently on the flora and fauna of the ecosystems.

The Soviet scientists have worked out the north reindeer in-
dustry management system which ensures the highest possible
preservation of the natural ecosystems. It is accomplished by
means of production process planning and first of all the pasture
utilization

The Soviet scientists have worked out the reindeer pasture
capacity norms allowing to determine the possible duration and
intensity of herd pasturage whithout irreversible plant cover
destruction. One of the most important measures for the reindeer
pasture preservation is the so-called pasture turnover providing
one-year utilization ant its “rest” within next two years. The
breach of this system causes the pasture impoverishment and the
distruction of the ecosystems with the result of the substitution of
the lichens, prevailing in plant composition, by the cereals and
sedges

The habitat of the domesticated reindeer is similar to that of
the wild animals, that is why the close contacts and complex
relationships exist between wild animals and domesticated rein-
deer. As a whole with the development of the domestic reindeer
industey its influence on the wild hife increases

The domesticated and wild reindeer are competitors in the
pasture utilization. Nowadays in the areas with high number of
wild deer (the North of the Yenisei basin and Yakutskaya ASSR),
the wild reindeer number 1s regulated and somewhat the develop-
ment of the domestic reindeer industry is limited. In the other
North areas the wild reindeer were replaced by the domesticated
ones

The predators, especially wolves cause great damage to the
domesticated reindeer herds. Therefore the regular wolves control
is carried out everywhere by means of aviation and chemical pest
killers. The wolves number is diminished significantly in the
Europe tundra of the USSR and in the North of the West Siberia.

The representatives of the black-cock family and the waterfowl
and domesticated reindeer are the competitors in the plant cover
utilization. The complex relationships exist between these animal
groups

In summer the overgrazing of the pastures by the huge dome
sticated reindeer herds causes the destruction and trampling of
some territory where the ptarmigans and geese dwell. The nests




are ruined too. But in winter and spring the snow digging made
by the reindeer in search of forage helps ptarmigans and geese
to get forage

The infectious invasional diseases must be taken into account
for the thorough understanding of relationships between the do-
mesticated and wild reindeer. Necrobacteriosis, bronchopneumo-
nia, mange, brucellosis, oedemagenosis and even anthrax are
common both for wild and domesticated rcindeer. Epizootological
conditions are connected with the wild deer number, their migra-
tion patterns and pasturage routes. Such diseases as anthrax,
brucellosis, mange, foot-and-mouth disease etc. are able to com
municate from the domesticated reindeer to some species of the
wild animals (deer, wolves, mooses, arctic foxes). Even nowadays
brucellosis and anthrax are the most dangerous because the na-
tural resources of these discases exist in some north regions
Because of the great resistance of the spore form Bac. antracis
to the environment impact the possibility of the infection of some
species such as wild reindeer, mosses and predaters exists during
many years after this disease outbreak in the herds of domesticat-
ed reindeer. The appearance of brucellosis i the domesticated
reindeer herds influence negatively on such large populations oi
the wild reindeer as Taimyr and Yakutia populations. Therefore
it is necessary to make 2 routine disease-prevention measures in
order to prevent the disease spreading among the wild animals.

Only when undertaking the proper measures for wildlife pre-
vention the domestic reindeer industry will influence less nega
tively on the tundra and taiga animal world

B. B. Bopwonos, 3. K. Bopoadux, H. O. [{ssxenko,
B. A. 3a6podun, P. 1. lleaxynosa
(CCCP, Hopuancx)

BJIHAHHE JOMAIIHETO OJIEHEBOACTBA
HA PACTHTEJIbHBIA H )KHBOTHBLIR MHP TYHIIPbI CCCP

B CCCP macunThiBactest 0KOA0 2,5 MM, TOMAWMEX CCBEPHLIX
OJ¢HCH, 4T0 coctapasier noytH 90% ux muposoro norososes. Oae
HEBOLCTRO SBASCTCH OAHON W3 OCHOBHBIX OTPAcael CeabCKOXOIsil-
craesnoro npovisoactea wa Kpainew Cenepe W ocnoBoit skono-
MITKH B MATepHaibioro 6aaronoayuis KopeHueix wapoios Cesepa.

Ceepublii 01eHb HAXOINTCR Ha KPVEIOTOAHYHOM NacTOHITHOM
COOCpPEaANHH CAMHCTBOHHOC CeOLCROXOIRACTROHBOC AHBOTHOE,
CHOCOBHOC HCNOALIOBATEL CKYAHLIC Cepepuble NacTBHINA, 3aHWMAI0-
ULHe OFPOMHBIE TEPPITOPHIL TYWIPB 11 Talry
B nacrosmee spevs 8 CCCP npuMensioTes 186 CHCTEMu Bele-

MICHEBOACTBA: CTAINBIR BHIAC, KOIla AHBOTHBIC HAXOIATCH
no NOCTOARNLIM HaBTI01CHICN !l.‘l("l}\()ﬂ_ Pl‘!)‘,!li'\}'k)”l”\ HX fe-
PEABHACHHC NO NACTOMILAM, H NOJAYBOALHOE COJCpKAHIE HA OTO-
POACHHBIX NacTORax. KOrla AHBOTHBIC OIHI NAacyTed Ha Tepph-
TOPHH, OrPaNiYeHHOi H3ropoasio. TIpn pasnbix cHcTemax cotepa-
HISL OJereill BO3ACHCTBHE CTala Ha JKHBOTHBI i1 PaCTHTEALHbLI
MIP Pa3aHuNO.

Paspaboraunan 8 Coserckow Cowse cicTeMa BeleHus cepep-
HOTO 0J€HEROACTBA OGECNEUHBACT v KCHMAJALHOE COXDAHElHe ecTe-
CTBERHBIX GHONIEROIOB. ITO OCYLL CTBARETCH € NOMOULLIO NAAHIPO-
BANMS BCEX NPONIBOICTBEHHBIX NPOUECCOB 1, B NEPBYIO Ouepelnb,
HCHOSLSOBANIA nacTOUIL.

3eMAeyCTPORCTHOM BLCARIOTCA NACTOHULA 145 MECTH CEe30HOB,
€ yaeToM GOTANNYECKOrO COCTaBa PacTennil, GUTOMACCH 1 10CTyN-
HOCTH nacTOiul 428 onedeft. PaspaboTausl HOpMbL, N0IBOARIONUIHE
TR KAAKIOTO NAcTONLHONO YHACTKA ONPEIeNnTL BOIMOKHYIO 1aK-
TEALHOCTE 1 HHTEHCHBHOCTL Bhinaca cTala 6e3 HeoOGpatHMoro na-
PYHIEHHA PACTHTEALHOTO HOKpoBs. DakTHucckas naomans, Heob-
NOUIMAH AR BWNACA OIHOIO OJCHA B rO1, KOICGACTCH B Pa3HbIX
pafiowax serenns oaenesoactsa or 50 10 300 ra. Ot w3 Bax-
HENS MEPONPUATHA N0 COXPAREHTIO 0ACHLIY NACTONIL HBAHOTCR
nacrhntie ’lﬁﬂ]lﬂTH_ obecneyuBaon e HCNOTLIOBAHNe yuactkon
B TeUCHIE OIHOTO 1048 M «OTAWX» NacTOMIL B TeveHne ABYX JeT

Hecofaoaenne yeTanuBaennoft creteMsl npnsoint K ockyie-
WO MacrOMEl W HapYWennio GHOUCHO3OB. B pPeiyanTate Yero pa-
CTHTCIBLHBIC TPYONMPOBKH ¢ npeofaaganmes 1nalunKkon 3aMens-
IOTCH 31aKaMIt it OCOKaMi

Cpena o6nTanust AOMAIIKNX OACHER B OCHOBHOM CXOAHA €O
cpeaoht ofintanna anknx KHBoTHLIX. [TosToMy MeX 1y 1neiMmn wn-
BOTHBIMH H JOMAIUHUMI ONCHAMH CYIIECTBYIOT TECHBe KOHTAKTIA
" ocromnue wianmoothomenns. [lo mepe  pasmwrng  gomaumero
CICHEBONCTEA €10 RANSHHE Ha ANKYVIO dayny Bo3pacraer

doMawine n aMKIe 0J€H): ABATIOTCH KOMKYDCHTAMIT B HETNOAL-
josannn nactGuumt. B pafionax ¢ 6oabiminy  KOIHUECTBOM  AMKNX
oaewelt (Emncenexnit Cesep n Hryrekan ACCP) s wrcronutee
BpeMst lip()!“lh'(‘" MEPOTIPHATHR NO ;»PV'\‘IIVWIILIIlI!NI HYHCACHHOCTH
AMKHX OeHel 1t B ONPEICACHHBIX NPEIeaax OrpaRIHRACTCS pas

3
370

His

XHUtHHRE, # 0COGCHHO BOJKI, HAHOCAT Goabliol viep6 craiam
JIOMAIUHHX OJ€HEH, NOITOMY NOBCEMCCTHO BOACTOH 1LIAHOMCPHOE HX
HCTPEOACHHE ¢ NOMOIUBIO ABHAUMI H C HCOOILAOBAIIEM 94O M
KATOB. YHCACHHOCTL BOJKOB FHAUMTETLHO COKPATILIACL B TYHIpax
Esponeiickont wact CCCP u na cepepe 3anamon Cubupu

KOHKYpPeHTaMH CEBEPHBLIX OACHER B HOHOALIOBANIMH paCTHTEAL
HOPO NOKPORA HBJARKIOTCH TETCPeBHHbe W BOLOn aBalouine. Cryien
HBl BEINAC JIOMAIUHNX OJACHCT B ACTHIA NepHol NPIBOIMT K CTpap
AMBAHILO It BHITANTHIBAHKK) 3HAUHTEABHON TePPUTOPIK, Hd KOTOPOH
o6utalot kyponatku # rycu. Crpaiat # ruedta stux ntinie Bume

CTE € TeM, B 3UMHU H BECCHUMI 1CpHOT BLKANWBAHKE OJCHAMH
KOPMOB HA-NOL CHERd 06.4CTIACT KYPOlaTkaM, 4 B ACPHOL Hpiacia
WPy CsinM. 106bIBAIIHC KOpMa

K‘lprlllhl BIaUMOOTHOLICHINE  Mem AoOMauIuMe it LHRHMY
oaensiMit 6y1eT 1AJACKO HE HOJHOMN, ¢Cai He YSHTLIBATL A 4
UHGCKLIORHEIX # HEBA3HOWIAN saboacsanisin. Y Ankis Odenc

KaK i1y J1OMALIHHX, BCTPENAKOTCH HCKPOGAKTepitod, GPORIONHCEY

HHSl, HeCOTKA, NOAKOAKHOOBOLOBIA HHBAa3Hd, OGpyleaies it dame
cHBHpCKan A3BA. SMII00TONOTIMCCKAS 0OCTAOBRA 1o 3T 3360
JACBAHHAM BO MHOTOM 3aBICHT OT YHCICHHOCTH JIHRHX OJCHEH, 1Y
Tl HX MIUPalni i Maplipy1ob BLIlAC CTAL AOMAWNKX OJeHedn
Takue 60JaC3HH, Kak CHOHMpPCKas $iBa. GPYVIUCII0S, HCCOTRa, st

H AP, NPH X NOABJICHHN B CTALAN TOMALIIHX OJCHCH MOTLT 1u
XOAHTbH I Ha HEKOTOpbie BIIbL 1HKHX HBOTHBIX (0JaeHIl. Joci
BOJAKK. necubt). Ocobenno onacubiMil B 3TOM OTHOWICHIL SBIARIOT
CHOMPCKAst f3Ba W OPYNEATIE3, TAK KaK B OT1cabiplx 304X Coneg
0 HACTORUICTO BPEMCHH  CYHICCTBYIOT  HOHBY HEBle B ApHPOihbi
ouarn 3THX 3a60aeBaiiti.

Buicokast pesuctentHocTh cnoposoit  Gopmust Buc 5
K BO3ICHCTBIKO BHCIIHCH cpeibt U(i.\‘\.ll:h.l"n.'l-l BOIMOAHOCT 3d

paxenisi CHOHPCKOM #3BOM KaK AKX OJCHEH i JOCCH. TaK 1t ne
KOTOpbIX NHUIHBIX KHBOTHBIX Ha NpOTAACHIH JACCATKOR JeT novt
BCMBLILCK 3TON HHMEKUNH B CTA1axX J10OMAWHHX oJenel
3HaynTeaBHAS  3apaMCHHOCTL  Gpyleaaeion cT1al
odenell, KAk B NpHPOIHbIE ovarit 10 HHGeriH
Boa6yalTedem 3a601¢BaHUI B TAKHX KPYMHbIX NOUYJIAUNHAX JHKIN
AKHBOTHBIN. KAK TAfMBIpCKas ¥ skyTcKasi B sroil catn Hesaion
TeABLHO BaAHOE 3HAYCHHE HMEET CHCTeMa NPOGUIIAKTHICCRILG M

1IN

MOARCT CTath

ponpHsaTiit 0o 6OJC3HAM TOMIUIHHY oaeHel, Kotopas NpeaoTEpy
THT fiepexoa 6oaesHel Ha AKX AHBOTHLIX Toasko npit o
CTBJACHHH HALIEKAWMX MCPONPHATHIL 1O pake ankoit da

MeH
MHD TV i

e okaiu

roaom Ovier

AKHBOTHBL

AOMAINHee OJCHCBOJICTBO ¢ KaKI1biM
Bart alllll-’!T\'.’leLl.\ BOIICHCTBIG Ha
W Tairn

R. P. Shchelkunova
(USSR, Norilsk)

THE LICHEN COVER CHANGE CAUSED
BY THE HUMAN ACTIVITY AT THE NORTH
OF THE YENISEI BASIN

Nowadays many scientists pay attention to the lichens as the
part of the plant cover and basic forage reserve in the reindecr
husbandry. Forage biomass change depends first of all on th
geographical zones and sub-zones which are clearly observed o
the North of Yenisei Basin

The Arctic Wilderness Zone. The zone 1= of no importanc
because there no lichens there, and the green forage supphy
extremely low (1,32 metric centner/ha).

The Arctic Tundra Zone This zone i< interesting only as the
summer pasture zone reserve because the green forage supply

is low (2,88 metric centner 'ha)
The sub-zone of North sub-Arctic Tundra The green forag
supply is higher (39 metric centner’ha). There are the summer

reindeer pastures which are used intensively only by the wild
remdeer in . s sub-zone

The sub-zone of the Middle Arctic
supply and hchens is higher (4,38 metn
ric centner/ha, respectively)

There are pastures which are used for the domesti
husbandry in this sub-zone

TFundra The green forag
centner ha and 0,61 mct

reindecr

The sub zone of South sub-Arctic Tundra The green forag
supply is maximum of all Tavmyr sub-zor (4,99 metric cent
ner/ha) but the lichen supply is 1,58 metric centnerha Ther

are the spring and autumn pastures therc

The sub-zone of Extreme North Larch Light Forest (lore
tundrs} The green forage supply is almost simitar to that of th
South sub-Arctic Tundra (4,90 metric centner/ha)y but the hichen

supply is higher (4,656 metric centner ha) than at the South Sub
arctic Tundra. This subzone is of great ag ltural importan
It is the winter range of the main amount of the reindeer Live
stock

BUTHE 10MANNET0 oaeneBoacTBa. B octaannuix  pafionax Cenepa The Subzone of the North Taigt Light Forest has the sub

AHKHE 04 OB BBTECHENB TOMALITHIM I stantial grass and shrub forage supply (423 metric ceniner ha)
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and the maximum lichen supply is 594 metric centner/ha. The
mount shape s the characteristic feature of this arca (600

1500 m above the sca-level). The grass and shrub forage supph
(3,75 metric centner ha), the hchen supply (5,58 metric cent-
ner ha) are charactenistic of the mount forests and light forests
belts. At the mount tundra belt the forage biomass supply 15
lower: the green forage s 1,39 metric centner/ha, lichens

1,75 metric centner/ha The subzone vegetation is used for the
reindeer turage all the year round.

The Middie Taiga Forest Subzone. The lichen supply is ex-
tremely low and the grass and shrub forage supply is lower
than in the north taiga larch forest. The north part of this sub-
zone is used as the reindeer pasture

The change of the plant cover under the anthropogenic impact
at the north of Yenisei basin is connected with the use of the
plant cover as the reindeer pastures and with the industrial de-
veloment rate of the Extreme North regions.

These phenomena cause the density and height lowering of
lichens, the lichen falling out from the overground cover that
results in improverishment of the plant composition, lowering of
lichen biomass, reduction of lichen association area. The most
active process of the plant cover delichenization takes place at
the subzones of the middle south subarctic tundra and forest-
tundra.

The industrial development of the territories at the Taimyr
causes a small reduction of the lichen area (0,2%), though this
process is accelerated. Within the last decade 78,4% of the arca
is used for industrial development. The lichens of Cladonia and
Cetraria which are the basic winter forage for the reindeer were
grazed, knocked out, damaged on the area of 1 min ha or 0.129%
of the Taimyr peninsula

The anthropogenic factor influences on the lichens are sub-
stantial around the settlements and north cities in the vicinity
of slaughter-houses and on the areas near-corral plots ’

The great changes of the plant and overground cover are
characteristic of those area where mechanical transport (tractors
and cross-country vehicles) is intensively used. It is associated
with both the mechanical iniluence on the plant and ground cover
and the subsequent erosion processes accelerating the soil
washing away up to the permafrost and the ravine formation

As a result of the long mechanical impact the lichens asso
ciations are replaced by the scedge-cotton-grass associations

The most ruinous for the lichen is the fire impact

One of the most important measures for the preservation and
reproduction of the lichens directed by the research expedition on
the pasture production exploration is the rational pasture utili
zation that means the corespondence of the grazing system and
the rate of stocking with the plant cover composition, the forage
biomass supply ind lichen reproduction periods

In order to the plant cover fire prevention the Extreme North
Agricultural Research Institute (Norilsk) suggested in 1975 the
tundra and taiga aviation control of the Yenisei basin North

P. 1. Uleaxynosa
(CCCP, Hopi.

U3MFHEHHUE JHILARHUKOBOIO NOKPOBA
NOA BJAUAHUEM XO39ACTBEHHOR AEATEABHOCTH
YENOBEKA HA EHHCEACKOM CEBEPE

B nactosiiee Bpemst Boe Goabile BHUMalie pecaetosateac it
NPAKTHROB (PHBACKACT COCTOMIHE  AMUARIIKOD  KaK TapHon
HacTn p.n‘nm.‘n.nw.u HORPOBA O OCHOBLE ROPMOBONR Gasi oaene
BOCTHA

KopMoBas (IroMacca HAMCHACTCH NPekKIe BOCTO B 3aBii
CTH OT reor p.‘l'[vlz'luhln JO0 1 NOLIOH, HETKO HPOCTCKIBAIOULIINCA
na Ennceiickon Cenepe.

Jona NOARPHBIX Il)lll.‘lll) .\H SHCTRBCHIIOLO SHauenns ne
TaK KaK MOC1aeMBe OJCHEM JAMIIANIIIKI OTCYTCTBYIOT, 4
JeAenblX KOpMOB npeicanio nuskn (1,32 w/ia).

loasona apkTiiecknx Tywap. llpeacrasaser
KaK peseps ACTHHX NacTOiuL, Tak Kak Janacu
HU3KN (2,88 1/ra).

[oasona cesepnbix CyGapKTHUCCKUX TYHAD. 3aiachl  Jeaenbix
kopmos Goace Bucokie (3.9 wra). B noisowe pacnodaraiorcs
ACTHHE UACHBI BacTOHULA, AKTHBHO HCHOAL3VIOUMCCH NOKa aiiilb
ANKHME OJCHAMN

Hogsona cpeumx cyGapKTHUCCKIX Tylap. 3anacel 3eienbix W
AHIARNIKOBLY KOPMOB BLILIC, 9eM B HOJASONE CeBepubix cybapk-
THYECKHN  TYHAP, M COOTBETCTBEHHO  COCTaBARIOT 438 nfra n
061 w/ra. B noasone pacnoaomenst nactonma, Henoabiyesbic a4
CICHEBOICTBA

['ogsona omnbx CyOapkTiiecknx Tynap. Cocpeiotoienn Mas
KOWe aapie, B3 Beex Noason laiMeipa, 3anacy 3edeHbix KopMos

WK

O

HMmeeT,
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ICAUHBEN
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499 1w/ra M 3nauMTeabHbie 3anack Anwmaiknkos (1,58 w/ra). 3aech
PAa3MeULalOTCH BeCEHHHE H OCeHHHE NacT6HILa.

[loa30ona KpaiHe CeBepHBX PeAKOCTOHMLIX JAHCTBCHHHUYHBIX Je-
OB (AecoTynapa). 3anach 3eJeHbX KOPMOB 0OJM3KH K 3anacam
B 110130He I0AKHBX cyGapKkTnucckux tywap (4,90 w/ra), a sanacu
JAHIUAMHHKOB  3HAuMTEJbHO Bbiwe (4,65 u/ra). lloasona wumeer
60.bUIOE XO3ANCTBEHHOEC 3HaveHHe. 3HMOA B Hel BWIACAETCA OC-
HOBHOE NOI0JI0BLE ONEHEH.

[lo130Ha ceBepOTAeKHBIX PEAKOCTORHMX AecoB. XapakTepHu
3HAUNTEAbHLE 3A11aChl TPABAHMCTHIX M KYCTapHHKOBWX KOPMOB,
cocraBasowme 4,23 u/ra M MaKCHMaJlbHWE 3aNachl AHWARHHKOB
(5,94 u/ra). Iloasome ceomcTsen ropuufi peaved (600—1500 m
Hal ypoBHEM MOpR). B nosce ropHbiX JecoB M PeAKOAECHA 3anacul
TPAB M KyCT4pPHHKOB coctaBasior 3,75 u/ra, a 3anack JAHIIGHHH-
KoB -— 5,58 11/ra. B nosice ropHnX TyHAp OTMEHACTCHA CHHXKEHHE
KOPMOBBIX 3a1acoB (QUTOMAcCh: 3ejeHbie KOpMa He NpPEeBHWAT
1,39 w/ra, a anwany Bble — 1,75 wra, PacTHTe1bHOCTbL MOA30HH
HHTEHCHBHO HCIO/Ib3YeTCs A/ BLillaca oJeHell B TeYeHHe BCCro roaa.

[Toa30Ha CpeHeTaeKibX JAecoB. 3anachl JHIUANHHKOB DPe3KO
CHHAKAIOTCA, @ 3anachl TPABAHHCTHX H KYCTADHHKOBHX KOpPMOB
HIKE, UCM B T0/30HE CEBCPOTACKHBIX MICTBCHHHYHbIX AecoB. B ka-
YECTBE OJCHLHX NACTOHLL HCHOJAL3YeTCs NPeHMyUeCTBEHHO CeBep-
Haf 4aCTb NOA30HbL.

Hamenenust pacTHTEIbHOTO NOKPOBA MOA BAHAHHEM aHTPONO-
FeHHOro BoajeicTeus Ha Enuceiickom CeBepe CBsisaHbi Kak ¢ 1npo-
LeCCOM IKCILIYaTallHi PacTHTEbHOTO MOKPOBA B KAUECTBE OJEHBHX
nacrOull, Tak H C YCHACHHCM TEMIOB NPOMbILICHHOIO OCBOEHHMS
painonos Kpaitnero Cesepa. TTpOHCXOAMT CHHAKCHHC BHICOTH H Ty~
CTOTH AHIIAWHHKOB, BLINALCHHE HX M3 HAIOYBCHHOIO NOKPOBA, 4YTO
ofe1HsieT BHAOBOI COCTaB PACTHTCALHOCTH, CHiAK4eT (QHTOMaccy
JHUIAIHHKOB, COKpauiacTt MAOWAEH AHIMGHHHKOBLIX accouHauMn

Hau6oaee akTHBHO MpoUECC AEJIHXHHH33LUHH PACTHTEALHOTO NO-
KPOBA OTMEYAeTCA B NOI30HAX CPEAHHX W KOKHBIX CyBapKTHYECKHX
TyHip M B Jdccotynipe. Cokpaluenie NAOWAIH THWARHHKO-
BBIX TPYNNHPOBOK 32 CYET HILATHA 3eMeab NON NpoMblilacHHOe
ocoene Ha Tafimbipe Hesnaunteawnoe (0.027%), xota npouece
3TOT yckopsetcda, 78,4Y% 13 MCNOJb30BAHHON 118 NPOMBILACHHbIX
uesedl naotaan najiaer Ha nocaeaune 10 aer.

BecbMa paHiMbl AHUWAHHIKH NPH HEPJLLIOHAJILHOM HCTOIB30-
BAHHH TYHAPOBOI i TAEKHOM IKOCHCTEM B KAUeCTBE OJEHLHX NMacT-
6iill, YTO NPOCAEKHBAECTCS Ha NPOPHIARX, NEPECEKAOUIHX NOI30Hb
CPEAHHX 1 I0KHBIX CYBAPKTHUECKNK TYHAD, JAecoTyripy (3anai-
Hbii o LlenTpaasubiit Taimbip).

[laomans, wa Kotopo anwaiinukn w3 poitos Cladonia, Centra-
ria, NPeACTABAAIOULIE OCHOBHOI 3HMHHI KOPM OJCHHA, CTPABICHLL,
BLIGHTLI, NOBPEAKTCHB BC.1€1CTBIIE nepepbinaca Ha Tﬂl‘(\db{[‘\' cO-
craBasier okoao | man. ra wau 0,12%. IJra Tepputopus B BiLle
NOAOCH NPOCTHPAETCS B MEPHAHOHAJIBHOM HANpPaBACHiH

Becuma NOJABCPAKCHBL BAHAHHIO :IHTPUIIUIQ'I{HM.\ l}L!i,ll‘fi\'fBllil
AHIWANHH R BOKPVI NOCCTKOB H CEBCPHBIX ropoaos, 8 01\]'('\']“\'\'1’“&
YOOHHBIX MYHKTOB I Ha MPHKOPAJIbHBIX yUaCTKaX.

BO.'I\‘L‘ l'.’l)(’ohllt' HIMCHeHUSA l\«'l(THTk,‘.’lI;N()IO H NOYBEHHOro no-
KPOBOB XapaKTepHbl 1% MECT, re NPHMEHACTCH MEXAHHYECKITH
Tpancnopr (Ili.lhi()l‘bl_ BE31¢X01bl) 310 CBA3AHO KAK C MeXaHuue-
CKHM BOZIEHCTBHEM HA PACTHTCALHBIA H NOYBCHHBI NOKPOB, TaK
i C NOCACIVIOUIHMH 6_\[\I'hl\“l n;\(HHOHHhL\[H npoueccamu, YCROPSi-
KUIHMH pasMbiBanie no4ys 1o MHOTOJETHEMEP3ABIX TDYHTOB H ()(ipfl'
JOBAHHEC OBparus

B pesyabtate 1aMteasnoro MeXaHuuecKoro BOIICHCTBHA HA aH-
WanKHUKIN qaute HNPONCXOHT CMEHA HX ()(‘I)KUH()'lly'lllllll\‘llhl\l|| Hau-
GoAce TYOITEILHO L8 A HHHKOR BO3ACHCTBHE NOKAPOB

»vll‘ THXHHIIAUHE PACTHTEILHOTO NOKPOBA cnocoberByer ¢ ORI

CTOPOHBL el hast NOBPERTACMOCTH AMWARHITKOB  MEXAHHYCCKIM
BO3ICHCTBIEM, OCOGEHHO B CVXOM  COCTOAHHIL, a ¢ JApYroi CTo-
poiu MABIE TO0BOH NPHPOCT PACTCHMH

OauUM 113 FAABHBIX MEPOIPHATHIL  cNOCOBCTBYIOULNM  COXpate-

HHIO M BOCIIPOISBOICTEY JHWARKHKOB SABJASCTCA  CHCTEMATHUECKH
nposonmoe 8 CCCP  3eMAcyCTPORCTBO  TEPPHTOPIN OJCHEBOANC-
CKHX MOSHICTH. HANPARICHIOC HA  PALHOHAILIOC HCIOAbiOBaNKE

OACHLIX BACTOIUL NP KOTOPOM HArpy3Ika Ha nactOima u cuerema
KX CTPARINBAHKN  DPHBOLHTCH B COOTBCTCTBHE ¢ OOTAHHUCCKHM
COCTABOM  PACTHTCALHOTO  HOKPOBA, JANACAMH  KOPMOBOR QHH&)
MACCH 1 CPOKAMIE BOIOOHOBACHIS THIATHIKOB

B weasx oxpannt pactiTeabHOI0 HOKPOBA OT ROKAPOB 1o npel
Aokenmio Hayuno-necae10Bateabckoro HHeTiT T4 Geabekoro xo
mitcrna Kpatnero Cesepa (r. Hopiawew) © 1975 10 8 tyraposoit
W tacknoit onax  Ennceiickoro  Cesepa OCyWeCTRASCTCN  aBua-
HATPYAHPOBATIIC




V. V. Kryuchkov
(USSR, Moscow)

CAUSES OF TREELESS TUNDRA ZONE

Qur research workers have established that for the growth and
development of trees and large shrubs in the Subarctic — Picea
obovata, Larix sibirica, L. dahurica, Ainaster fruticosus, Betula
tortuosa, Sorbus glabrata — the daytime air temperature should
exceed 10—-11° during several hours for 2530 days in the sum-
mer period. If warm days come up to this number during the
warm period, then the above plants would have their branches
grown, the generative and vegetative buds jormed, the shoots
lignified and so on. That means that plants complete their vege-
tation. Comparison of these minimum warmth conditions necessary
for the vegetation of trees in the Subarctic with actual warmth
conditions at the northern border of sparse growth of trees shows
that the real limits of polar sparse growth of trees are consider-
ably further south than their possible warmth limits

The south treeless belt of tundra where there are warmth con-
ditions for the growth and development of trees, but the associat-
ions of trees are ahsent except for single trees and sparse isolated
wood islands, are suggested to be referred to as a belt of relatively
treeless tundra. To the north of the belt of relatively treeless
tundra trees cannot grow in the open soil because of lack of
warmth. This is a belt of absolutely treeless tundra. Numerous
causes advanced for explanation of a treeless tundra (winter
drying of trees, deficit of seeds, aggressiveness of moss, and
bogging up etc.) could relate to the south tundra — the belt of
relatively treeless tundra. There is only one cause in the belt of
absolutely treeless tundra: lack of warmth for tree growth and
development

The belt of relatively treeless tundra coincides mainly with
the subzone of south bushy tundras. This is a potential forest
tundra. The belt of absolutely treeless tundra coincides with the
subzones of arctic and typical lichen — moss and shrubmoss
tundras. The area of beit oi relatively treeless tundra is: 37
40 thou. km? in the Kola region of the Subarctic, 90 thou. km? in
the East-European region; 150 thou. km? in the West-Siberian re-
gion; 90100 thou. km? in the Central-Siberian region; 60
70 thou. km? in the East-Siberian region; 35 thou. km? in the Far
East; 10—12 thou km* in Scandinavia; about 2 thou. km? in
Iceland: 20—25 thou km? in South Greenland; 4050 thou. km?
in Alaska, 300350 thou. km? in North Canada including Lab
rador. That means that the belt of relatively treeless tundra in
the Subarctic equals 820926 thou. km?

The studies have shown that under the conditions of perma-
frost there are three tendencies in the dynamics of the northern
boundary of forests. | is degradation and retreat of the northern
boundary of sparse growth of trees to the South; Il is tendency to
the advance of Polar forest boundary towards tundra; 11l is sta
tionary state

| I'{Inder the conditions of damp cold climate and low-tempera-
ture frozen thickness (minus 3° and lower at the depth of 8 to
10 m, i e at the o6t of the layer of annual temperature variat-
ions) the northern border of forests tends to retreating Let us
examine this process taking West Siberia as an example. The typi
cally flat places s ¢ “plakors” of this region generally consisting
of boulder loams are characterized by the sparse growth of trees
Larix sibirica on peat gley soils The height of trees is 3 to 6 m,
the closing of crowns is 0.2 m._The thickness of moss cover is
4- 6 cm. The soiis thaw out to the depth of 50 60 ¢cm. The snow
cover is 80 100 cm. In these biogeocenoses (elementary ecosys
tems) under the conditions of damp climate and smoothed relicf
moss grows intensively. With an increase in moss mass tie
warning and aeration of sot! is impeded. its temperature falls, the
layer of season thawing out becomes thinner. At the same time
the conditions of plant nutrition become worse since mineral
matters are taken from the continuously decreasing volume of soi!
Trees and bushes begin perishing The tree and bush vegetation
becomes more sparse, which results in blowing out snow from
these areas. Mosses without snow shield (with snow cover depth
less than 15--20 cm) die off, the surface of moss-peat layer is
broken by frost cracks

The increasing dryness and snow corrosion complete destroving
the moss-peat leyer which generally does not exceed here 15
20 cm. Spots of mineral ground appear

Taking into account the dissociation and small <izes of islands
of sparsely growing leaf-bearing trees one can suppose that the
would degrade in these landscapes as a result of suceessions with
out man's interference. But the interference of man: extra pasture
of deers, heavy grazing of vegetation, felling of trees for different
needs leads to an intensive growth of the number of derivative
biogeocenoses of anthropogenic origin. That means that in the
north of West Siberia as a result of self development of biogeoce-
noses with the invariable climate leafbearing trees degrade and
the polar forest boundary retreats to the south Thus the belt of
relatively treeless tundra extends
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I1. The East-Furopean Subarctic ‘s characterized by high tem-
perature, close to 07, [rozen thickness Such a state is very unst-
able During usual periodic warmings the thickness of season-
thawed layer increases, which leads to lowering the waterproof-
frozen-horizon and favours greater warming of the upper soil
lavers, since 4 part of warmth spent for the evaporation of sur-
plus moisture is spent for warming the soil All this promotes the
catch by wood vegetation of favorable i1 ground soil respect warm

places, which are located near the forest-tundra border or forest
1slands - sources of seeds. At the places caught by wood vegeta-
tion there is accumulated more snow than at the surrounding tree-
less tundras, which prevents from an intensive winter freezing and
promotes the degradation of high-temperature frozen ground under
forest islands. Therefore in such biogeocenoses the thickness of
thawed layer is not less than 3 m. The frozen ground here is not
merging, 1. e. the layer of winter freezing is 2,0- 2,5 m and is not
connected with the upper surface of permafrost grounds situated
deeper than 3 m. This 1s an indication of degrading frozen ground.
The catch of tundra areas by wood vegetation results in better
microclimate, degradation of frozen ground, i e in biogeocenosis
landscape succession During warming new forest islands appear
at the border of tundra and forest-tundra and those existing
extend.

But in the East European Subarctic there are observed directly
contrary processes as well-growth of moss-peat layer, appearance
of frozen ground and its “hardening”, death of trees. This occurs
at smooth and slightly concave places with clayey and loamy
grounds

The high-temperature frozen ground characterises the Yukon
Basin, the south coast of Hudson Bay and other areas of North
America. In these regions there was fixed an advance of wood
vegetation towards tundra areas (R. Griggs, 1934; J. W. Marr,
1948). R. I. Hansel, D. A. Chant (1971) noted that the growth of
fir—tree on new territories took place in the years of best weather
conditions — 1888, 1931, 1960.

I11. The stationary state of the northern boundary of forests
is peculiar to some areas of the Central and East Siberia with
their continental climate, comparatively warm summer, more
broken reliei than in West Siberia. Under these conditions there
is not observed such an intensive growth of moss at so called
“plakors™ as in West Siberia.

At the same time in the whole Subarctic and on all conti-
nents - Europe. Asia, North-America — there is fixed an unques-
tionable retreat of forest boundary as afiected by man: fires, fell-
ing, extra pasture of deers, industrial press destroying vulnerable
ccosystems of the North etx. All this contributes to extending the
beit of relatively treeless tundra.

The belt of relatively treeless tundra occupying in the northern
hemisphere about one million square kilometres is an arena of
future forest land-reclamations which could improve the climate
and the gas balance of the atmosphere. But at present it is neces-
sary first of all to stop the retreat of forest border to the south
and the extenston of the belt of relatively treeless tundra

B. B. Kprwukoa

(CCCP, Mockaa)

MPHYHHDBI BESJECHSA TYHAPOBOR 30HbI

Hawmymn Heeac10Banisi Ml yCTaHoBACHO, TO 228 pocta H pas-
BHTHS  Jeperben W Kpynnwix  Kycrapuuwkon Cybapxrukn — Picea
bovata, Larix sibirica, L. dahurica, Alnaster jruticosus, Betula
tortuosa, Sorbus glabrata — weobxotnmo, 4106 B AcTHR nepro
B redenne 2530 JMen AHEBHAn TeMnepatypa BOiIvya Ha He-
CKOABKO wacop npesbimaaa 10-11° Ecan 3a tenawin nepuox
llﬂ(lll['ill}i\ﬂ TAROC KOJAHMCCTBO TCILTRWY JTHCH, TO Y HABAHNMX pacTe-

Ul oTpacTalnT Betni, GopMHpYK CHCPATHBRHLIC # BETCTATHB
HBIE NOMKW, OAPEBECHeBAI0T NOOCTI — PACTENNS HOTHOCTLIO NHO
XOAAT M 3AKAHYHBAIOT Beretailno, COnocTaBIesite sty Temossx
YCAOBHA, MHHUMAILHO  HCOOXOIUNMBIX A% BEreTauny  1epeBLes
CyGapkIinil, ¢ peaanio ¢yUCCTBYIOUUIMIE TeNIOBBMIL yCIOBHRMH
\ m-lu'[uum FPanitibl peakOJeciit NORAIMBACT 1TO ACHCTBHTEILHWES
FPaHMUBE HOJAPHBIX PEIKOACCHIL HAXOIRTCH  AHaNIlTCILHO  0KHee

HX BOIMOAKHBIX TCILTOBLIX NPE1e10B

OKnyo Gesaecuyi noaocy 1yn
yCrOBIA A% pocTa i TPEHAIOTCR 1L
CANMIMHBIE JCpeBsbs 1t JECHBIC OCTPORKY,
A NPELAATAI HAIBATL (1010CON OTHOCHTEALHOTO GesTecin TYRAPH
pwanmasi Gesaecns s1oft 1010CH MOIYT BLITL AMMHEe HECY eI
JACPEBLER. HEI0CTATOR COMHN, a1 PECCBHOCTL MYX0B, 1a6oaaunBanine

Pul, e wMeltes
BLCB, HO f
HA0 M POBAHH B

Tenlopne
PAsBRTHR 10

peakie
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i 1. 2 CesepHee NoJA0CH OTHOCHTEABHOIO GE3ACCHR HAXOAHTCR 110
Aoca 86coaoTHOro Gesnecus Tywapwu. [lpiiuna abcoawThoro 6e¢3
NECHA TYHAPM OAHA. HE10CTATOK TeNAa I8 PoCTa M pPaIBHTHH
Aepesben.

[Tonoca otHocHTeAbHOrO Ge3aecis TyMAPH COBRAIAET B OCHOB
HOM C NOA3OHOA MOMHBIX KYCTAPHHKOBLIX TYH1p, TO €CTb 3710 110
TeHuHaabHan aecotynapa. Iloaoca aBeoawrnoro Gesaecs Tynapul
COBMANAeT C MNOAIOHAMH APKTIYECKHX M THOHUHBIX — JHIWAAHN
KOBO-MOXOBWIX H KYCTAPHHUKOBO MOX0OBLX Tyhap. [laowans nosocu
OTHOCHTeAbHOro Oe3daecus caeaywuian B Koawckom cektope Cy0
apkTHKH — 37—40 1ic. kM?, Boctouno-Esponcitckom — 90 thic. km?,
3anaano-Cubupckom — 150 tuic. km?, Cpeane-CuoHpekom — 90
100 Toic. kM?, Boctouko-Cubupckom — 6070 teic. km?, Jlaapne-
BOCTOMHOM — 35 Thic. KM%, B Cranamnanun — 1012 Thic. kM,
B Hcaauamu — okoao 2 teic kM’ ioskuon  [penaaninu
2.0—25 thic. kM?; Ha Ansicke — 4050 Thic kMY, B cesephoit Ka-
Haae, BKawuas Jla6parop,— 300350 thic km? Takum o6pasom.
N0A0Ca OTHOCHTEABLHOTO Geszaecis Tyviiphl B Cy6apKTHKe papis
etca 820920 Tbic. KmZ

HceaenoBanuaMi yCTaHOBACHO, YTO B yCIOBHAX BCUHOR Meps-
JOTH HMEIOTCH TPH  TCHIACHUHH B JAMHAMUKC CCBCPHOR  rpanitibl
aecos: | — aerpasaums n oTcTynamne ia 10r CeBCPHOR  rpaminibl
peakoaecui; Il — Tewacnumsn K HacTynawuio wa TyYHApY noasp
HOM rpaHuub aecos; I — craunonapuoe coctosme.

I. B ycA0BHAX BAGXKHOIO XOJ0AHOrO KAHMaTa H HHIKOTCMIC
paTypHoR Mep3aof Toauln (Munyc 37 i niAKe na raybune 810w,
TO €CTh Ha NOJCWBE COA TOI0BLIX KoJAcOaunit Temaepatyp) cesep
Has rPaHULA JeCOoB iMeeT Teieliuto Kk oterynanmo. Pacevorpiy
3T0T npouecc Ha npumepe Janaanoin Cubipin das naakopos 31oro
PErMOHA, CAOMEHHBIX OO6LIMHO BAJAYHHBIMI  CYLAHHKAME, CBORCT
BEHHB PeKoaecha W3 Larix sibirica wa TOpPsiHICTO-1CCBLIX 104
sax. Buicota aepesves 3—6 M, comknytocts kpon 0.2 Toauutua
MOx0BOTO noKposa 46 cum. Touss ortansator wa 500 60 cm. Bui
¢cota cHerosoro nokposa 80 100 ¢m. B s1ux Guoreouciosax (/e
MCHTAPHBIX IKOCHCTEMAX) B YCAOBHAX BJAAKIOIO KANMATA 1 BLI-
POBHCHHOTO peabeda HACT HUTCHeHBioe Hapactanue mxop. C yse
JMYEHHEM  MAcCHl  MXOB  JaTPYAHSCTCS  IPOrPeBaiie u aspaitis
MOUBLL, NOHMAKICTCH €L TEMACPATYPA, YMCHLILACTCR €0 Ce30nn0T0
NPOTAHBAHNSA O.'lll()“[l\'\ll'llllt) YXYAUHHOTOR 3 0B HHTanIs pa
CTCHIM, TaOK Kak MHHEPAABIBLIC BCHLECTBO MCpHaloTest H3 Ih'll[“"
PUBHO yMenblalomeroes o6Lema nousu. Hawimaor rubuyr, ae-
peBLst W KyeTapuikh.  JIpeBecHo-KyctapuukoBasi  pacTiTeabiocth
CTANOBHTCH paspeAkceniee, 410 BeICT K CMeTaino  clerd ¢ Takli
Viacrson ,“\Il. ARHINBHIHCL  CHCTOBOI 3amiret  (Hpn MOHgoctH
cueta Menptie 195 20 eM), 0rMupaior, HOBCPAHOCTL MONOBO- 10}
$auncroro cios pasbusaercs MoposoGoitubimi Tpemtnamit. daan
HERLLEE YBEAHUCHHE CYXOCTH, @ TAKAe CHErOBAst KOPPOIMsi OKOHUA-
TEALHO PAIPYIIAIOT MOXOBO-TOPPSIHHCTBIA €0, KOTOPBIH  06LIYHO
He npesbiwact 3iech 15—-20 cw. Tlossasores nsartna MHHepadb-
HOro TpyHTa.

YuntbiBas paszo6uiennocts u neboapline pasMepsl  OCTPOBKOB
JAMCTBEHHHYHBIX PCAKOAECHH, MOAKHO NPEANOJ0KHTL, 4YTO 1 03
BMEWIATeAbCTBA Ye0BeKa OHM Gl J1CTPApoBain B 3THX JdaHil-
wadrax B pesyaprate cykueccnin. Ho smemateancrso weaosexa
(nepesninac oJeneil, BOGHBAHHE PaCTHTCALHOCTH, BBIpYOKH 1epe-
BLER HA Pasanuuble HYKAL) BOLCT K HHTEHCHBHOMY POCTY KOAH-
YeeTBa NPOM3IBOANBIX GHOTCOUEHOIOB  AHTPONOTEHHOIO  MPONCXOMK-
Aenusi. ITO 3naunT, 4TO Ha cesepe 3anainoin CuGupu seaeicrsie
€aMopa3BuTHsi  GHOICOLECHO30B NP HCHIMCHHCM  KJauMate ujet
,'l(‘lpu.'lulllﬂl JAHUCTBCHHHYHBIX ‘n',lh().]k'(llﬁ H (H"L'T.\llilillh‘ H().lﬂ[lll“li
lpalﬂlllbl Jaecos na wr. B pesydbTarte pacter 110J10Ca OTHOCH T b
HOro Gesnecus TYHIPLI.

11. Qas Bocrouno-Esponeitckoin Cy6apKTHKH CBONCTBCHHA Bbi-
cokotemnepatypuas, Oanskas k 07, mepiaan  roama. Tloao6noe
COCTOAHHE OYCHDb "(‘)’CTU“'H!HO. BO Bpemy 00bLIINLIX NEPHOAHYCCKIN
NOTEIIEHHH BOIPACTACT MOULHOCTL CE30HHO-TAJ0r0 CJA0H, HTO Be-
AeT K NOHHAKCHHIO BO,'X())'"O[)IIUIO MEp3a0ro TOPH3OHTA W Gaa-
’()ll[)llﬂT('TH)t'l (H).”rl”l'“) HPOTrpeBaninio BEPXHIX 0B NOYBLL, TAK
KaK 4acTh Temaa, yXCAUBWIAH Paublic #a HCNAPeHHe WIGLITO4RON
BAATH, PACXOAYETCH Tenepn, Ha nporpesasie nousst. Bee s1o ono
COOCTBYET 3aXBATY JIPEBCCHON  PACTHTCALHOCTLIO  GAArOnpHATHLIX
B NOUBCHHO-IPYHTOBOM OTHOMCHHH TCILIBIX YHACTKOB, KOoTopuie pac-
NOAOKEHB HE13/1ICKO OT  Tpadiilbl JACCOTYHIIPBL HJIH OT JaccnbiX
OCTPOBKOB HCTOUHHKOR covsii Ha YUACTKAN, 3aXBA4CHHbIX Jpepec
HOM PACTHTEALHOCTBIO, HAKAILTHBACTCH GOJALUIC CHErd, 4eM Ha OK-
]'yﬂ(;!lﬂ“l”.\ Gesaecnnix TYHpax, 4TO NPendTcTBy et HHTCHCHBHOMY
IMMHEMY fTpoMepIanio 1 CNOCOOCTBYET JICrpa 1aitiin BLlICOKOTeNTIe-
pilT_\ll"()l‘l MEP3IAOTHE NOJ1 JeCHbIMH OCTPOBKAMH ”!)ITU\I)‘ B Takix
GHOCONEHO3a X MOILHOCTL  T420T0 €05 ObiBact ne MeHplie 3 M.
Caon MEPIJNOTH 11€Ch HEe COHBAIOTCH, TO €CTh Ca0H iHMHEero ”I'"
Mepsanns 120--25 M) e coeannueres ¢ BCPXHCH HOBCPAHOCTLIO
MHOTOJETHEMEP SIBX  FPYHTOR, pacnosomennon raybke 3w Jto
NPHIHAK 1CTPALIPYIOULER MEPIIOTEL  34XBAT JIPeBCCHOR  pacti
TEABHOCTLIO  TYHJIPOBBIX YHACTKOB  BeleT K VJIyHIICeHHIO MUKpO
Kaumata, ,l\l[)«'l,{dllll“ MUPAIOTHL, TO CCTh K OHOPCOHCHOTHYCCKON,
Aanawadruoi cyKleccuu llpu HOTCHICHIE BOIHHKAIOT HOBBIC vl
Wi OCTPOBKH Ha Ipi”llllll‘ TYHIPH W A€COTYH AP W paciipsiores
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Ho B Bociouno-Eeponefickofi Cybapkryke Habawosaworcs »
HPAMO  IPOTHBOMOAOKHBE MPOLECCH — HAPACTAHHE MOXO0BO-TOP@S-
HHCTOIO CA0H, BOSHHKHOBEHHE MEepP3N0TH H €@ COKECTOYEHHED, M-
Geab 1CpeBbeB. IT0 NPOHCXOANT Ha POBHMX HAH CA€rKa BOTHYTMX
YHACTKAX ¢ FAHIHCTHMH B CYTAHHHCTHMHA TPYHTaMH.

BuicokoTemnepaTtypHan mepinas tonla csolcisenHa Oacceimy
IOkoHa, loxHomy noGepexuio ['yiionosa 3aawsa H apyrum pako-
uam Cenepnoit Amepukn. B 31ux pakioHax 6uia0 IadHKCHPORENO
NPOABHAKEHHE NPEBECHON DACTHTEILHOCTH HA TYHIPOBHE yyacThM
(R. Griggs, 1934, /. W. Marr, 1948, R. |. Hansel, D. A. Chant,
1971). OTMeuanock, 4T0 BHEApeHHE €1H Ha HOBWE YYacTKH Mpo-
HCXOAHAO B 1046l C HAMAYYUIHMH MOTOAHBMH ycAOBHAMK — 1888,
1931, 1960

1. Craunonapuoe coctosune cepepHOd rpanuun necos cmofi-
CTBEHHO HeKOTOphim paitonam Cpeanedr u Boctouno Cubupu ¢ Hx
KOHTHHEHTAALHLIM KAKMATOM, CPABHHTEILHO TENAWM AETOM, Gonee
fepecedennniv, sem b 3anaanofi CnGups. peavedom. B 3THx yeao-
BHSAX HA naakopax He HaOM01aeTCH TAKOrO HWHTEHCHBHOrO Hapa-
CTAHHA MXOB, Kak B 3anauof Cu6up.

Bmecte ¢ tem, Bo Beet CyGapktiuke Ha Bcex KOHTHHEHTaX —
8 Espone, Asun, Cesepuoit AMepike —— 3aduKCHpoBaHo GeccnopHoe
OTCTYMAHHE IPAHHULI JE€COB NOA BO J1CACTBHEM Yye/0BeKa: noxaps,
BLIDYOKIL,  NepeBHnac  oJeHedl,  MPOMbILLTEHHO-HHAYCTPHAABHLA
npecc, pa3pywialomui yassumble skocictemu Cesepa u 1. 1. Bee
3TO0 CNOCOBCTBYET PACUIHPEHHIO NOJOCH OTHOCHTeAbHOTO Ge3necHs
TYHpbI.

flonoca ornocnteasuoro GesnecHs TYHAPH, 3aHHMAlOUIas B Ce-
BCPDHOM DNOAYIIAPDHH OKOJO MHIJIHOHA KBAAPATHLIX KHJIOMETpPOB,—
370 apeHa GyayUHX JecOMennopailifi, KOTOphe MOryT yAyuylunTb
KJAHMAT ¥ ra3oBbifi 6aianc atMocdepni.

P. I. Melnikov, V. T. Balobayev
(USSR, Yakutsk)

PERMAFROST AT THE TERRITORY OF THE USSR

fn the Soviet Union, permairost (cryolitozone) is found to
occupy |1 million km?, which is slightly less than half this country's
territory. The fact that permafrost is timed to high latitudes shows
what a decisive role radiation-climatic factors play in permafrost
formation. Negative mean annual temperature of surface rock
layers is a necessary condition for long-term permafrost to exist
Its value, apart from climatic factors, is determined by geographi-
cal and geological features of the territory.

At present, permalrost regions are characterized by radiation
balance values being less than 25—30 kkal/cm? per year

From the South to the North, radiation balance decreases to
8 kkal/em? per vear, thus resulting in temperature fall both of the
air and rocks

The lowest temperature of rocks i1s observed along the Asian
coast of the Arctic Ocean, reaching 12,0--14,0°C. Horizontal
temperature gradient of frozen ground along 110°E is 08°C per
1% of the latitude.

Air temperature and temperature of rocks are affected, to a
great extent, by dynamyc processes in the atmosphere. The latter
are responsible for changes in temperature from the West to the
East. This becomes apparent, particularly, in the cold period of the
year. The warm Atlantic affects the whole European North and
Western Siberia, increasing rocks temperature at the Arctic circle
latitude up to 0 - - 4+ 1,0°C. Quite the reverse, high pressure zone
observed during winter over the whole territory of the Eastern
Siberia makes it next to impossible for warmer air masses to enter
this region; therefore, temperature here is found to be the lowest
At the same latitude of the Arctic circle, mean rocks temperature
falls to —7 — —9°C

Peculiarities of atmospheric circulation are connected with pre-
cipitation of which snow is of particular importance. In a zone of
relatively active cvclonic activity, a 10 cm snow layer increases
mean annual rocks temperature by 10--15°C, in the continental
zone by 1,6--3,0°C. Thanks to thick snow cover in permafrost
regions there exist vast areas where anomaly high temperature is
observed. These areas are as follows: Yenisei River valley; western
slopes of Verkhoyansk Ridge and Lena River valley; Kolymskaya
lowland; and the Pacific coast. Quite the reverse, negative (emp'e
rature of rocks at low e¢lements of the relief in Zabaikalie and
Mongolia is assoviated with small depth of snow cover (1—
10 ¢cm).

And finally, temperature of rocks depends on their properties,
structure and composition

The value of negative temperature defines, to some extent, the
depth of frozen zone, with all other conditions being equal. There
arc other important factors determining long-term rock {reezing
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depth; these are: intraterrestrial heat stream; lithological compo-
sition of frozen zone; and palaeogeothermal regime.

The least value of intraterrestrial heat stream in permafrost
zone of the USSR (0,010—0,015 kkal/cm? per year) is observed in
the central part of the East-Siberian platform. In this region, most
ancient saline sedimentary rocks of high heat conductivity are
found to come up to the surface. This i1s a zone of the deepest
negative temperature (1000-—1500 m), with temperature of frozen
rocks being —5 -~ —7°C. The largest value of intraterrestrial heat
stream is observed in tectonically active modern mountainous re-

ions (Verkhoyansko-Kolymskaya plicated area). In the Suntar-
hayata Ridge. this value amounts to 0080 kkal/cm? per year.
Due to this, an average depth of irozen layer comes to 270 m, with
the temperature being —7,0°C. For the greater part of the perma-
frost zone, a heat stream value is 0,035—0,055 Y(kallcm’ per year.
Rocks of poor conductivity as well as those with large heat
streams therein have the least depth of freezing. The impact of
intraterrestrial heat stream is best seen in mountainous regions
Under conditions of high-altitude isothermality, redistribution of
heat streams, influenced by the relief, stipulate high temperature
of mountainous rocks under valleys, whereas the least temperature
1s observed under tops of hills

As processes of deep freezing and melting in rocks are very
slow, as compared with climatic fluctuations, the depth of frozen
zone is sometimes found to be anomaly great and does not cor-
respond to e.\nsting thermal conditions. The regions in question are
as follows: West Siberia; Vilyuiskaya and Khatangskaya sineclis
es, a number of lowlands in Chukotka etc. This fact was caused,
to a great extent, by a cold epoch of the past. At present, the
depth of frozen layer degrades at a rate of 1,0—2,0 m every
100 years. Therefore we can still find frozen layers 100—400 m
thick, with temperature near the surface being 0°C or even above zero

The impact of geological-geotectonic and palacogeothermal
factors is so great that the thickness of frozen layers may become
azonal. Under severe conditions of the extreme North, this thick-
ness .is found to be less than that near the southern boundary of
frozen ground, by 2-—3 orders oi magnitude

Contemporary data show that permafrost originated several
hundred thousands of years ago. Since then, temperature and
depth of permairost repeatedly changed. At present, the depth of
permafrost is found to be decreasing due to intraterrestrial heat
Thus, the contemporary epoch is warmer than the previous one.
During the last 20 000 years, the temperature of frozen ground was
increasing by 0,4—-0,8°C every 1000 years, the total increase now
being 8—13°C

1. H. Measnuxos, B. T. BasoGaes

(CCCP, SAKvIcK)

BEUYHAS MEP3JIOTA HA TEPPUTOPUMU CCCP

B CCCP peunas mepiioTa (KpPHOAHTOIONA) 3aHHMAET OKOJO
11 maH. KM?, 470 COCTABASCT HEMHOTO MeHee HOAOBHHLL €¢ro Tep-

putopuin. Ee npuypouesHocTb K BBICOKHM UIHPOTAM  OTYETAHBO
CHHACTEALCTBYET O pellalouted poan B GOPMHPOBAHIN pajiiaili-
OHHO-KAMMATHYCCKIX  paktopos. HeobxoauMmbim  yeaosuem  adu-
TEALHOTO CYHLECTBOBAHHS MEP3ALIX NOPOL ABJAACTCA OTPHUATEIBHAS
CpeansiA roloBas Temnaeparypa HOBCPXHOCTHOTO CJ0st TOPHBLIX 11O~
por Ee anauende, Kpome KIHMaTHuecknx Gaktopos, onpeieanetcs
reorpadMUeCcKUMIl M Te00THYECKEMI OCOOEHHOCTAMI TEPPHTOPHIL.

B wactosuiee Bpems KPHOAHTO30H \:m;n\rupu«yﬂ(‘ﬂ jHauveuir-
AMI PAANALUHORHOIO Oananca MeHbiuimn  25—30 KKaJa/cm? « roa.
C ora Ha cenep  pasmaunoHubii 6ananc yMewbliaeTes npu-

MepHo 10 8 KKkaa/cM? [0/, BBI3LIBAA COOTBETCTBEHHOE MOHHAKEHHE
TeMnepatypbl i FOpHEIX nopoid. Camas HH3Kas Temneparypa rop
WX HOPOA PUKCHPYETCR HA a3HATCKOM nNobepexkbe Cepeproro Je-
AOBHTOTO OKeaHa, AoctHras atech — 12,0, —14,0°C. 'opusontads-
MBI FPAAHCHT TEMNEPATYPH MeEp3IbX Nopos no 110% B. 1. pasen
08°C na | wupotn

OrpoMHoe BANSHHE Ha TEMNEPaTypy BOIAYXa H rOPHLIX (OPOL
OKAIWMBAOT AMHAMUNECKHe npoileces B atMocgepe. Oun caykat
OCHOBHOM NIPHUUHOR HIMEHCHUS THX TeMNepaTyp ¢ 3anaia na Bo-
crok. Ocolento 910 HPOABARETCH B XOA0ARMIA nephoa rota. Mout-
Hoe BansHMe Tendolt AvsanTtiky pacupocrpansercs na sech En
poneitckni Cegep w 3anaanylo CHOHPL, HOBHILAS  TEMIEpATYPY
ropusx nopox Wa wwupore [lloanpuoro kpyra o 0.0 +1,0°C
Hao6opot, 061aCTh BHCOKOTO AABACHIR 3UNMOR, POCTHPAIOMWLARACH
waa seeit Bocrounoft CuGupbio, no4Tit HCKAKYaeT NPOHNKHOBee
cloia 60aee Tenabx BOIAYIIHLIX Mace W spasiercs nanboaee xo

Oanolt 3 ocobemnocTell UMPKYAHIUHKM  atMochepu  HBARIOTCH
OCALKH, H3 KOTOPHX Ccob6yio poib HrpaeT cHeXHbA nokpos. Kax-
avie 10 oM cHEra yBeAMUKBAIOT CPEARIOI FOAOBYIO TeMmnepatypy
ropubix nopoa Ha 1,0-~1,5°C B 30He OTHOCHTEALHO AKTHBHOA UM-
KAOHHUECKOA  AesTeabHocTH W Ha 1.5--3,0°C B KOHTHHEHTAALHOM
sone. baaroaaps MOUIHOMY CHEKHOMY NMOKpoBy B 06aacTH Beuoft
MEPINOTH CYWECTRYIOT OOWHPHBIE JOHL AHOMAJbHO BLCOKHX TeM-
nepatyp. 3to noauua p. Enuces u npuaerawowme k weld nuiMennsie
panonsl, sanainvie ckaons Bepxosuckoro xpe6ra w npuaeraiouian
aoanna p. Jlewn, Koawsckas wuimennoctt u noGepexse Tuxoro
okeana. Hao6opot, cyuiectponanne OTPHUATCABHBIX TeMmiepatyp
TOPHBIX TOPOL HA HHIKKHX 3aeMenTax peaseda s 3abaikaane ¥ Mou-
TOJTHH NPEHMYILECTBEHHO CBAIAHO C OYCHE MAA0f BHICOTON CHEAKHOTO
nokpora (1—10 cwm)

Hakonen. Temnepartypa ropsbix fopoa 3asHcHT 0T Hx CBOACTB,
CTPOEHI W COCTaBa

Beauunna orpuuaTessuof temnepaTypbl B KAKOA-TO CTenemu
onpeseNser i MOUIHOCTH Mepanof Joub. Jpyrumu BamueRwmmu
dakTopavu, ONperesAIOUHMH (AVBIHY MHOTOJCTHETO NPOMEP3IAH IS
FOPHBIX TOPOA, HBAMIOTCA TENAOBOA NOTOK M3 HEAP 3IEMAN. AWTO-
JOFHYECKHIT cOCTaB w'p"moﬁ JOHLL M ".’l.'ll'f\r(‘ﬂT(‘[)MIl‘l(‘(‘KHI‘( pexuMm

BuyrpuseMmunii  tenaoBoit notok B 064aCTH  KPHOJHTO3OHBI
CCCP naumenbee ivavenue (00100015 kkaa/cm?-ron) umeer
B ueHtpaaphoft vacti Boctouwo-Cubupckoft naardopmst, riae ua
NOBEPXHOCTL BHLIXOAAT HAHGOJI€e IpeBHHE COJCHOCHBIE O0CAN04ibIe
Nopoab, 06JaNANLE K TOMY e BBICOKHME TCMIONPOBOIHLIMI
cBOficTBamu. 371ecy Habaraercs Hawboaee ray6OKas 30Ha OTPH
uateabHsix Temnepatyp, aocturawomas 1000—1500 m npu Temne
paTtype mepaawix nopor —5, —7°C. Hanboavuee 3Hauenne BHYTpH-
3eMHOTO TEeMJIOBOTO MOTOKA NPHCYIIE COBPEMEHHBIM, TEKTOHHUECKI
aKTHBHBIM ropHbiM ofaactaM (Bepxosucke-KoaniMckas cKkaa1ua
tas  o6aacte). B xpe6re Cyurap-Xasta Oua jocTHract
0080 kkan/cw?.rox, 6aarofaps uemy 31eChL CPeRnss MOIHOCTh
Mep3aof Toautn pasua 270 m npu temneparype —7.0°C. Ha 6oau-
Wwel YacTH TEPPHTOPHH  KPHOJHTOIOHBI  TEMJOBON NOTOK PaBeH
0,035—0,055 kkaa/cm?-rox. HanMmeHbimas MOuiHOCTH Mep3abiX 1o
poit hopmupyeTcs B €1a60 TENJIONPOBOAHBIX NOPORAX ¥ upit 6oan
WHX TENJoBLIX MNOTOKAX B HHX. }h]l{ﬁ().’ll'\‘ OTUYETIHBO BJHRHIE
BHYTPHN"MH()T’O TENJAOBOro MnOTOKa NpPOABAAETCH B TOPHBLIX 06.14-
CTAX, I1¢ B )‘\'.'IUHHNX BLICOTHOH H3IOTCPMHH nepepacnpenesicHue ero
noi BansudeM peabeda OOYCAOBIHBACT BLICOKHE TeMnepaTyphl
FOPHBLIX l|lvp(ljl noa JAHHILAMH JTOJHH H HAWMCHBIIHEe — 10 Bep
WHHAMH

[Mpouecebt ray60KOTO NpOMEp3aHist W NPOTAUBAHNS TOPHBIX
nopos oueHnL HHEPUHOHHBL 1O CpaBHEHHIO © H3IMEeHCeHHeM KJIAWMAaTH-
yeckux ycnosifi. TlostoMy B psle pafOHOB, CJAOKeHHbix caa6o
CHEMENTHPOBAHNLIMK  OCALKAMH, Takux, Kak 3anaanas Culupn,
Bumoiickas 1 Xataurckas CHHeKAH3B, P Hi3Mennocredr Yy
KOTKH H Ap.. MOIIHOCTL MEP3/I0A 30HbI AHOMAJALHO BEAHKA W He
COOTBOTCTRYET COBPEMERHLIM TOHAOBHM yoaonnsm. B snaunten,
HOM CTeneHi OHA SBASCTCH MPOJTYKTOM NPOULIOH XOJOAHOH 5MOXH
it B HACTOAMEe BPEeMA jerpaaspyer co ckopocthio 1.0—20 m 3a
100 aer. Baarozaps 3ToMy Mul BeTpedaeMmcs ¢ GakTOM CyllecTRO-
patus 100- -400-MeTPOBLIX MEPIABIX TOAUL, HMEIOULIX TEMOCDATYPY
0°C nan 1axe 00J0XKNTEAbHYIO BOAH3H NOBEPXHOCTIL

“'U"IHH(‘ reoJgoro-reOTCRTOHHYeCKHX H IX.I.'H‘“]'!'(\TI"\\‘IX‘H‘\'!\H\
f‘)HKT(\Pﬂﬂ NPOABIACTCH HACTONLKO CHJILHO, Y4TO MOHIHOCTL MEDITbIX
Toall cranoBuTest azonaawnoi. Ha Kpaitwem Cepepe B nanGoaee
CYPOBBIX TENJOBLIX VCAOBHAX OHA MOXKeT GLIThL B 2—3 pa3za MEHL-
wedt, veM BOANIH 0AKAON TPAHILLL Pa3BITHA MEP3JIOTHL,

[To  COBpeMCHHBIM  AHHLIM  BEYHAR Mep3aoTa BOIHHKIA He-
CKOABLKO COTeH ThiCAY JeT Ha3zald. B nocaeaywuiem oxa n3meusaa
CBOIO TEMNCPATYPY I MOULHOCTL HEOJAHOKPATHO, a MecTamil lerpa-
AMPOBANA NOJAHOCTEIO. B Haule Bpemsi ee MOWHOCTb YMeHbIIAETCR
N0/ BAHSHHEM BHYTPCHHCIO TENHAd 3CMJH, CBHALTCALCTBYS O Goaee
TeNA0 COBPEMCHHOM 310X No cpaBHeHio ¢ npeastayuteir. B cpea-
HEM HHTEHCHBHOCTL QOTCIACHRA MEP3AOTH 34 nocacinne 20000 aer
coctasanaa 0.4 08°C 3a 1000 aer, a obuiee nosuilueHne TeMne
patypbl MEp3ABIX NOPOI 34 310 BpeMms aocturao 8—13°C.

N. A. Shpolyanskaya
¢ (USSR, Moscow)

THE STUDY OF TENDENCIES IN PERMAFROST
DEVELOPMENT BY THE ANALYSIS
OF TEMPERATURE FIELD OF THE ROCKS

The expanding exploitation ol natural recources in the North

aoamoi. Ha toi e wpore [Toasproro Kpyra cpeianis temnepa and East of the USSR brings the investigators' attention to the
Typa rOPHBIX NOPOA HOMWKAETCH 10 —7, —9°C problem of permafrost prediction in vast arcas. Clearing up of
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natural tendencies of permafrost development must be an im-
portant part of such a predictin since these tendencies predeter
mine to a considerable degree the results of human activity in-
fluence on permafrost

When clearing up the tendencies one should pay special atten
tion to the temperature field of rocks, i e, the result of all phy
sics/geography and geologic conditions interaction and to the
cause of one or another frozen environment

The study of temperature ficld must be built on two bases The
first 1s studying modern temperature tield and clearing up of its
development tendencies. In that case an important information can
be given by 1) analyses of thermal balance structure of the earth
surface as modern upper-boundary conditions, 2) analyses of rock
temperature field under rermaImst as modern lower boundary
conditions, 3) analyses of temperature field character in perma-
frost. The second is the study of rock temperature field dinamically
in Pleistocene In this case decisive role belongs to analyses of
the main rock temperature factors' course through time. The ana-
lyses :s aimed at clearing up of possible rhythm and periodicity
in these factors changing as well as future development extrapo-
I:lion of the factors proper and the temperature field caused by
them.

An affort of the planned programm realization has been made.
West Siberia 1s taken as an example.

I. The study of modern rock temperature field. 1. Analyses of
upper boundary conditions

Heat exchange between ground and almosphere cause certain
heat flow (B) through the ground surface which in its turn form
ground temperature at the upper levels of permafrost. The cal
culation of annual surface heat balance for 46 points in permairost
areas of West Siberia makes it possible to outline three regions
(from the North to the South): arctic region which is situated in
the very North in tundra and is roughly limited by 67 68 N. L
irom the Soutli; here the heat flow quantity during the cold part
of the year exceed the quantity during the warm part of the year |
(B,). i. e. B,>B, and consequently the rocks continue cooling; l
subarctic region stretched in the form of comparetively narrow
line along the polar circle; it includes south (underbrush) tundra
and forest tundra where B,~B,, i e the ground temperature field
is comparetively stable, Boreal region which occupies the rest of
the region (the taiga part) where B,< B, i e permafrost degra-
dates.

2. Analyses of lower boundary conditions has shown that they
play a subordinate role in the dynamics of permafrost.

3. Analyses of temperature field in permafrost and heat flow
correlation at the bottom of permafrost at both sides of the boun-
dary between frozen (gm) and thawn rocks (g,) shows the same
tiiree regions with similar tendency of permafrost development as
in the point |

II. The study of temperature field dynamics in Pleistocene
According to the modern view climate and landscape changes
through time are characterized by periodic variations. Because of
the fact that temperature field is a result of such variations in
fluence with different period and amplitude the analyses af all
existing types of variations would be the most interesting The
variations penetrate to different depth (depending on period and
amplitude) and influence the rock temperature differently. Un
fortunatly, there is a great number of view on the causes of na
tural processes periodicity and even on presence of stable cycles
in them, this prevents the analyses of the regions influence on the
rocks temperature dynamics. At present it seems possible to ana
lyse firstly periods with variations of thousand and tens of
thousands years thal mainly influence on permafrost temperature
field on the whole (these periods are ear-marked by the investi-
gators in Pleistocene) and secondly periods with variations of ten
vears which influence the upper layers of rocks and particularly
important for practice.

I Analyses of variations with periods of thousand and tens of
thousands years. Modelling on the basis of West Siberia climate
and landscape changes sucsession proposed by modern paleogeo-
graphy has shown permafrost temperature field come to confor
mity to the changed climate for 10000 15000 vears. It means
firstly that almost all West Siberia (except fluvial plains and lai
das whose age is less than 15000 years Q,) is composed of frozen
rocks with their maximum depth, and so the change of depth and
temperature field will take place only following the new climate
changes. Secondly it means that so called relict permafrost exist-
ing isolatedly in the boreal zone in some depth is preserved only
because of the fact that less than 10000 years passed since Holo-
cene thermic maximum (when permafrost thawing began) and
that it's the limit of permairost existance.

2. Analyses of centenary climate variations made it possible
in west Siberia to clear up of a number of regions differed by
stage and direction of climate changes expected to the end of the
century and the following change of frozen rocks: appreciable
rock temperature decrease may take place in tundra and forest
tundra, in forest zone the ground temperature will not change
practically

49

The proposed method of permairost development tendencies is
ot a common character and can be used for any other region of
permafrost area The results of the prediction may be applied
practically In particular we have used such a prediction for app-
raisal of some probable consequences of planned drain transfer
of the river Ob to the South regions

H. A. Wnoaanckan
(CCCP, Mocksa)

TEHAEHUMKA PAZBHTHA BEYHOR MEP3JIOTHI
B 3ANALHOR CHBHPH

OcBoetine NpHPOAHWX pecypcoB Ha cesepe u Boctoke CCCP
CTAaBHT nepel HccAeloBaTeanaMu npobaeMy nNpPoOrHO3a nNoBeleHHS
BEYHOA MEep3JOTH Ha WHPOKHX npocTpancTBax. Bamuum 3senom
TAKOTO NPOrHO3a A0AKHO ObiTb BWABACHHE TEHACRUHA ecTeCcTBeH-
HOTO PA3BHTHA BeUHOA MEP3NOTH, NPEIONPeleSsIOWHX, B IHAYM-
TeAbHOR Mepe, PeiyAbTaThi BO3ACACTBHS Ha Hee aHTPONOreHHWX
¢paktopos

OCHOBHBIM B HCCJC10BAHHH COCTOAHHA BEYHOA MepP3NoTH 10a-
AHO OLITb TEMNEPATYPHOE NOJAE TOPHHX NOPOA — Pe3yabTaT B3au-
MOTCACTBHS BCEro KoMmnaekca (i3nko-reorpaQHyeckHx M reo or-
YECKHX YCJAOBHA ¥ OZHOBPEMEHHO NPHYHHA TOH MAH MHOR Mep3InoT-
HOR 0GCTAHOBKM.

Heeaeaopanme TemMuepaTypHOro noas J0AAKHO CTPOHTBCS Ha
1Byx OocHoBax. Bo nepBuiX, Ha MCCACNOBAHHH COBPEMEHHOTO Temne-
paTypHOTO MOAS W BHIABJEHHH B HeM ONpeleJeHHbLIX TeHIeHUHh
passutin. Boaswyw wndopmaumnioo 1aeT aHAIH3 CTPYyKTypbl Ten-
A0BOrO 6aaaHca MOBEPXHOCTH 3eMJH KaK COBPEMEHHBIX BEPXHHX
FPaHHIHBIX YCJAOBHA, aHAAH3 TEMNEPaTYPHOro MOAA FOPHHIX NOPOA
HHAEC BCYHOR MEpP3INOThl KaK COBPEMEHHBIX HHXHUX IPAHMYHHEIX yC-
JAOBHIL, aHAAN3 XapakTepa TeMnepaTypHOTo noas B caMoft Mep3nof
toaute. Bo-BTophiX, Ha H3IyYeHHW TEMNEpPaTypHOro MOAA TOPHBIX
NOpo.l B €ro AMHaMUKe B nJjefictollere. Pewaouyio poas npu 3toM
HIPAET AHAIHI BPEMEHHOTO X014 raasubix GaxkTopos, Gopmupylo-
LIHX TeMnepatypy ropiHsix nopon HMEIHI  11eIbI0  BUIIBACHIE
BOIMOAHBIX PHTMOB | NEPHOAHYHOCTH B HIMEHCHHH 3THX (:!.’IKTD(\()B
H SKCTPANOJISUHIO B PA3BHTHH KaK HX CAMHX, TAK # (l(l)\.'lllli.‘!"ﬂﬁ(“
MOTO MMH TEMIOCpaT) PHOTO NOOR

bbiia cireaana nonwiTKa OCYIEeCTBHTL HAMEYEeHHYIO nporpamMmy
8 Janaanon Cubnpn

Hecredoaanue  CoBPEMEHKOC0  TEMREPATYPHO2O NOA] 20PHBIX
nopod. 1. Anaans BepXHHX rpaHHuHbX  yeaosuit.  Tenaoo6men
MEXKIAY [P, dTOM H atMochepor 06yCAOBIHBAET ONpele eHHbH Ten-
A0BON  NOTOK (B) u4epes NOBCPXHOCTL  TPYHTA, GOPMHPYIOULHA,
B CBOK O4Y€p b, TEMNCPATYpy [(PYHTa B BEPXHHX OPH30HTAX
Mep3aon Toar: . Pacuer rogosoro tenaosoro Gananca noBepxHO-
it aas 46 ¢ HKTOB 061aCTH PACTPOCTPAHEHHS BEUHOH Mep3I0TH
B 3anannod CuOHpH NO3BOARET BHACAHTH (¢ ceBepa Ha 10Or) TpH
06aacTH APKTHHCCKYIO, PACTOJOKRECHHYIO Ha CaMom cesepe, B npe-
J€Jax 30HB TYHIP, H OfPaHiuednylo ¢ oia npuMepno 67—68°c. ur,
r1e BEAMYHHA TEeMI0BOTO MOTOKA 33 XOJ0AHVIO NOJOBHHY roia
(By) npesmiiaer BeANSHHY TEMIOBOro NOTOKA 3a TeNayl 10.10-
BHHY rofa (B,). 1. e. By> By, rie, cae10Bateabto, rOpHbBe Nopoab
APOJAOAKAIOT OXAAKAATLCH, CyOAPKTHHECKYIO, BBLITHHYTYIO Cpas-
HHTEALHO YIKOR N0JA0COR BA0AL TTOASPHOTO Kpyra, OXBATHIBAKILYIO
IOKHYIO (KYCTAPHHKOBYKO) Tywapy #H Jdecotynapy, rie By=By,
. e TemMnepatypuoe nogae rpynros OTHOCHTEABHO  CTAUMOHAPHO,
OOPEAJLHYIO, 3aHHMAIOMIYK) TACKHYIO 4actL pernona, rie Bo<B,,
T. € BeUHast Mep3aoTa aerpaiupyer.

2. AHA U3 HIKHHX TPAHHYHBIX YCJAOBMIt NOKA3aa, 4To B AMHA-
MHKE BEYHOH MED3A0THI OHH HIPAIOT NOAYHHEHHYIO POabL

3. AHaAH3 TEMIEPATYPHOTO MOJAS B MEP3IoH TOAUle H COOTHO-
WeHHs TCNJAOBLIX NOTOKOB Y NOAOWBLL Mep3noTh no o6e CTOPOHH
TPAHKILL Pasfea MeKLY Mep3aniMu (gu) 1 TaasiMi (ge) nopo-
JAME NTO3BOJIHCT BLIABHTL TE Ke TPpH obaact ¢ TOR XKe TCHCH-
WHER Pa3BuTH BETHOR MEP3AOTH

Hecaedosanue JunaMuku TeMneparypro2o noas 6 naedcroyene.
Bpesennsie niMeHenns KanMata M oJaanamadra no COBpeMeHHbIM
HPEACTABACHHAM HMEIOT Xapaktep nepuoanueckux Koaebanni. [lo-
CROJILKY TCMIEPATYPHOE NOJAC MEP3ABIX NOPOA ABASCTCH peayvanta-
TOM CYMMApHoro BOIACHCTBHS KOJAeOaHHA PasHoro nepuona w pas-
HOM AMICTITY B, TO HAHGOALIINI HUTEPEC NPEACTABARA Obl AHAAM3
BCOX CYILCCTBYIOUWHX THIOB KOAcOHAHIA, NPOHIKAIOILNX HA Pas3any-
Hy (B 4ABHCHMOCTH OT neprojia H -'!\lll.'llﬂ_\'.'ll-li I.'l)'("l”l\' H no-
pasHOMY BOAACRCTBYIOUINX Ha Temnepatypy nopor K coxaaenmo,
HO MOBOAY HPHYHH HEPHOIMYHOCTH HPHPOAHEIX NPOUCCCOR H aaxe
HAIMYHA B HHX  YCTORUMBHX [HKJAOB NOCTOAHHON LIHTCALHOCTH
CYHICCTBYCT  MHOTO  PAJHOPCHMBLIX  MHCHME, 4TO  3aTpyauser
ANAANS BAMSHA STHX PHTMOB HA JIHHAMHKY TEMOCPATVPH rOPHBIX
nopan
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B nacrosutee spems pOIMOACH AHAIHY KOACOAMMIL, BO-TCPRLIX,
€ NEPHOIOM B THICHYW W RCCHTKH THCAY JOT, RLICIACMUIX Hecae-
LOBATEIRMH B ﬂ.’ll"((‘?(\ll('lll‘ 1 OKAINBAOUINX NEPROCTCACHNOS BOY
ACACTBHE HA TEMNEPATYPHOC node BCeR TOAMM BedHON Mep3aoTH,
M, NH'IHU;II.I\, C NEPHOTOM B TCCHTRHY 0T, NPOHHKAIONIHX B BePXHHe
CJA0H nopoa u 0COBEHHO BAMXUBIX L4 UPAKTHKH

1. Anaans koae6anmin ¢ NePHOLAMH B THICAUH W ACCATKH THICAY
aer. MOACAHPOBANNE MHOTOICTHEIO IPOMEPIANNA FOPHBIX NOPOA HA

BICM 6, 8 0coBy  KOTOPOro Guila HOJOKEHA NOCALAOBATEALHOC T
B HIMCHEWMM  KAUMaTa i gawnwadra  3anaawoh  Cubupm,
npelraraeMan COBPeMeHHOR naaeoreorpadued, NOKalano, 4To TeMm-
nepaTypHoe Mote 8 NPeleIdx Mep3AOf TOAUM FOPHBIX NOPOA NpH-
XOHT B COOTBETCTBHE C M3iMeiiBLIMMCR KanmatoMm 3a 10—15 aer.
310 IHAUMT, BO-NEPBBIX, 4TO NOuTH BCA Teppuropus 3anaawoh Cu-
6HPH (338 HCKAIOUEHHEM Peulbix NOfiM M MOPCKMX Jafia, moipact
KOTOPbIX MeHee |5 Twic. JeT — Q4] CAOKEHA MEP3IAWMH NOPORAMH,
NOCTHTWHMH CBOEH MAKCHMAJbHOA MOUIHOCTH, M JajdbHefiwee H3-
MEHeHHe nocaennell, Tak Xe Kak i HIMEHeHHe TemnepaTypHoro
noas, 6yl1er npoMCXOANTHL TOALKO BCAEA 33 HOBbIM  H3IMEHEHHeM
KAHMATa. ITO 3HAYHT, BO-BTOpPBIX, YTO TaK HA3IbIBAEMAR PEJIHKTO-
Bas Mep310Ta, CYULeCTBYOULAS B BOPEeaIbHOM 30HE M30AHPOBAHHO
Ha HEKOTOpOR raybuHe, COXPAHACTCH TOALKO MOTOMY, YTO €O Bpe-
MEHH TOJ0UEHOBOIO TePMIIYECKOrO MaKCHMyMa (Korla Ha4a’aoch
NPOTAHBaHHE BeYHON Mep3noTel) npowao mexee 10 Twic. Jer,
H YTO OHA HAXOAMTCH HA Npelenc CBOEro CyulecTBOBAHHSA.

2. AHaaM3 BEKOBBIX KOJ€GAHII KAHMAaTa NO3BOJIHA BHIIEAHTH
Ha Ttepputopun 3anaasoit Cu6uph psa  pafloHOB, pPa3aHyHbBIX no
CTENEHH W HANPABACHHOCTII OXH1ACMOr0 K KOHILY CTOJETHS HiMe-
HEHHA KJiiMaTa, a BC.el 3a HUM H TeMnepaTtypbl Mep3Jablx 1opoi;
3aMETHOE NOHHAKEHIC TeMIepaTypbl TOPHLIX NOPOX NPOH3ORICT,
NO-BHAMMOMY, B TYHIPOBOf 1% JeCOTYHAPOBOW 30MAaX pernowa,
a B JeCHOM 30He TeMIMe partypa rp)i”a MPAKTHHECKH HE HIMEHHTCH

[Mpeanaraemuiit METOL BLINBICHHS TEHIEHUNA Pa3BHTHA BeuHOM
MEpPIA0TH HOCHT 20CTATONHO OGUIMA XapakTep M MOKET ObiThb NpH-
MeHer 1as 1060# 061acTil pacnpoOCTPAHEHHA BEHHOR  MepanoTul.
Pesyabtatel nporno3a Moryr GpiTh 1CHOJB30BAHbLI 1PH  PelUIeHHH
npHKAaInEX npobaem. B wacthoctH, Takoi npornos 6bia Henoaw
FOBAH HaMil 118 OUECHKH HCKOTOPBIX BEPOATHLIX NOCJACACTBHI naa-
HHpyeMOit nepebpockil ctoka O6Gi B 0KHbBIe DalOHBL

V. A. Kudryavtsev, L. S. Garagulya, L. M. Maximova
(USSR, Moscow)

BASIC PROPOSITIONS FOR SCIENTIFIC PREDICTION
OF ANTROPOGENIC ACTION AND IMPROVEMENTS
OF THE ENVIRONMENT IN PERMAFROST REGIONS

In the age of technological revolution, man's iapact on the
environment has increased to such a degree that there is a danger
of irreversible changes deteriorating living conditions on the
earth

For this reason, efforts of researchers are nowadays aimed at
developing a technique for determining the degree of effect of dif-
ferent forms of man’s industrial activities on the environment and
a technique for controlling natural processes. This is done with
a view to maintaining favourable ecological conditions. In addi-
tion, methods are currently under way for observation on the evo-
lution and alteration of landscape, seas, rivers. etc

It this report the mentioned methodical problems are consi-
dered coniormably to engineering geology in permairost regions

In thermodynamic respect frozen rocks are relatively unsteady,
since under the existing heat exchange counditions on the earth’s
surface abrupt temperature variations are the case on the suriace
for a year or many years. This leads to seasonal or perennial
freezing and thawing of basement rocks over vast regions. Upon
a change in rocks' state, considerable variations in their proper-
ties are observed attended by the development of specific cryoge-
nic-geological processes which are a poweriul geological and geo-
morphological factor affecting the earth’s landscape. These proces
ses are the foilowing: thermokarst, heaving and rocks’ sediments,
their Irost fracturing, solifluction, thermoerosion, formation of an
icing, etc. Related to these processes is the formation ol deposits
with definite structure and composition as, for instance, syngenetic
permatrost with wedge-vein ice, solifluction deposits witlh buried
soi} and firns. The formation ol specific relief forms, such as alas
ses, pingos, cemetry mounds, relief with low-centre polygons, etc
are also connected with these processes
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Ihe rate of the processes and their manifestation under natural
conditions depend on the dynamics of the natural factors. Tempe-
rature and moisture conditions of deposits and sedimentation rate
are subject to these lactors which are as follows:

. Radiation-heat balance of the surface.

2. Climate and microclimate.

J. Different natural covers (snow, vegetation, water).

4. Geomorphological structure

5 Composition and properties of rocks in a layer of annual
temperature flictuations

b. Regime of surface water, ground water and suprapermafrost
water,

The natural dynamics of the aforementioned factors is notabl«
tor a high amplitude of changeability within a short space of time.
Ihey also undergo considerable variations upon man’s industrial
activities. For this reason, evaluation of their effect on temperature
and moisture conditions of deposits, as well as predicting a change
in this effect are one oi the components of the general prediction
as to the environmental alteration. It is the initial stage for pre
dicting the evolution of cryogenic processes

At the Permafrost Studies Chair of the Moscow State Univer-
sity, the principles of geocryological prediction have recently
been developed, which enables one to assess the dynamics of cryo-
genic and engineering-geological conditions both in connection
with a change in natural factors and under the effect of different
structures. Yet for tackling a problem on the environmental pro
tection these data are not enough. Following the methods avail-
2ble, it is necessary to work out a complex technique for a long
term prediction of all changes in the environment over vast ter-
ritories where wide-scale industrial development is carried out
It is essential to compile maps for predicting changes in the en-
vironment under the combined influence oi various construction
types and land-tenure forms. On the basis of this map alone. one
can develop a plan oi arrangements for controlling uniavourable
processes caused by industrial activities

The problem of controlling various natural processes is compli-
cated duc to diversified relationships of the processes and pheno
mena. It is therefore solved in terms of a thorough investigation
into the regularities of the natural landscapes evolution in history
and the related geocryological conditions. This is attained only by
conducting a complex geocryological engineering-geological sur-
vey and analysis of the evidence available through different paleo-
reconstructions. Making on this basis of models of natural and
natural-engineering systems and solving problems peculiar to the
systems performance in the future would provide the required
information for working out principles of controlling the natural
processes and the environmental protection

The most efficient techniques for observing the environmental
changes are radiophysical aeromethods and space survey

In conclusion, a diagram is suggested as to the principal in-
vestigation types which are essential for arranging a service on
the environmental protection

B. A. Kyopssyes, JI. C. Fapazyan, J. H. Maxcumosa

(CCCP, Mocksa)

OCHOBHBIE MOJIOKEHUS HAYYHOI'O NPOTHO3A
AHTPOMOIEHOBOIO NMPEOBPA30BAHHUA H YJYYILEHHS
OKPYXAWILER CPEABI B OBJIACTH
PACITPOCTPAHEHHS MHOTOJIETHEMEP3J1bIX NOPOA,

B snoxy mayumo-texumueckoit pesoaonnin Boarectane weao-
BeKa Ha ﬂpll]"),‘[)' CTaJd0 HACTOIBKO 3HAUMTEALHBIM, UTO BOIHMKA
ONACHOCTL HEOOPATHMEIX NPEO6PAIOBAKKI, YXYAWAUHX yCAOBHS
AHIHH Ha 3eme,

[Tostomy B macrosmee BpeMs yonans necaerosareaeit wanpan-
AeHbl HA paipaboTKy METOANKH ONpeteaeHus CTeneHn BANAHIN
PAIAHUHBIX BHIOB XOIHACTBEHHON 1EATEALHOCTH HEA0BEKA HA OK-
PYKalOlLylo Cpeay, MCTOLUKI yNpaBaeHis NpHPOAHBIMH  npoitec-
CAMH C LeABI0 COXPAHCHHA CarOnpHsiTHBIX 3KOAOTHHECKHYX y.10-
BUA H METOAMKH HAGTIOACHHS 34 PasBiTHeM K npeabpalopanmes
Aanamadron, Mopelt, pek u T, A

B iannom J0K1ade yRkajammbie MeTOANTCCKHE BOMPOCH pac-
CMATPHBAOTCH NPHMCHITEABHO K HHAKCHEPHO-TCOAOTHUCCKOR Cpeie
B 0614CTH PACHPOCTPAHCHISA BEUHOR MepIaoThl
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Mepaame ropunie nopoam » TEPMOAHHAMNYECKOM OTHOWEHHH
ABJRIOTCA CPABHHTENLHO HeyCTOAYHBLIMH, TAK KaK NPH CyulecTRy-
IOWHX yCNOBHAX Tenn00OMeHa HA MOBEPXHOCTH 3IEMJAH MPOHCXOAHT
CMEHA 3JHAKA TemnepaTypu Kak B rofoBOM, Tak H B MHOroO.NeTHeM
NAGKE, NTO MPHBOAHT K CE30OHHOMY MM MHOrOJETHCMY NpoMep3a-
HHIO HAH OTTAHBAHHMIO NOACTHAAOUWIMX NOPOA HA IHAYHTEAbHBIX
Tepputopuax. [Mpu MIMenewun coctosnns nopoa mabawnaercs cy-
WIECTBEHHOE HIMEHeHHe WX CBOACTB, COMPOBOX1alOUleeCs pPaIBH-
THEM CTICUHQHYECKHX MEP3NOTHO-TE0NOTHHECKHX NPOLECCOB, KOTO-
PHE ABARIOTCA MOWIHBIM TEONOTHUECKHM H  reoMopdOaOTHYECKHM
daxtopom, npeobpasyouum aanawadr seman. K takum npouec-
CAM OTHOCATCA TEPMOKAPCT, Ny4YeHHe H OCAIKH NMOPOA, HX MOPO3O-
60fiHoe pacTpeckHBaHHe, COMHPAIOKUHA H TEPMOIPOIHA, Haleno-
o6pasonanne W np. C 3THMH NpoUecCaMH CBA3AHO o6pa3opauie
OT/IOXEHHA ONpeaeIeHHOTO CTPOEHHA M COCTAaBa, HAaNpHMep, CHH-
TEHETHYECKHE MEep3abie TOAUH C KAHHOBHIHOKHILHHMH b1aMH,
COTHDIIOKUHOHHBE OTAOKEHHS C NOrPeBEeHHBIMII NOYBAMH H CHEX-
HHKaMH W 1p.. a Takke cneunduunsix ¢popm peaveda (Hanpumep,
anacel, OyaryHuaxu, GaRamepaxi, noaNroHaaLHO-BaAMKOBHIA pe-
aved woT. ).

CKOpOCTh MPOIECCOB M Pa3Mepsi HX NPORBAEHHS B CCTECTBEH-
HBIX YCAOBHAX ONpenensioTcs AHHAMIKOA NpHPoaHbiXx (aKTopos,
OT KOTOpHX 3aBHCHT TEMMEPaTYPHbIAi H BAAKHOCTHBIN DEKHM OT-
JOKEHHH, CKOpocTb ocankonakonaewus. K stum daktopam otho-
CATCR:

1) pannaunoHHO-TeN10BOM GalaHC MOBEPXHOCTH;

2) KAHMAT W MHKPOKAHMAT;

3) paszauwumnbie ecTECTBEHHBIC NOKPOBE  {CHEMNLIN, PACTATEIb-
HHA, BOAHBIA);

4) reomopdoaornueckoe ctpoemme;

5) coctaB M CBOWCTBA nopox B €a0€ 1010BLIX KoaeGanuit Tem-
nepaTypst;

6) pexnM MOBePXHOCTHBLIX, FPYHTOBHIX M HAAMEPITOTHBIX BOT

Ectectsennas  annaMuka  yKasanmubix hakTopos oTamuactcs
601b1IOH  aMNIHTYI0H HIMEHUYHBOCTH B KOPOTKIE MepHoibl Bpe-
MEHH. ITH Ke DakTopbl NoasepraoTes CYWECTREHHOMY H3IMCHeHHIO
NPH XOIRACTBCHHOR ACATEALHOCTH wesoBeka. TTosTomy oucnka wx
BAHSHHUA Ha TeMOEpaTYPHBIA 11 BJAXKHOCTHBIL PCAKNUM OTJIOKCHIH,
CKOPOCTL HAKONACHHS HAK NepepaboTkn | NepeoTIOKeNHs, 4 TAKKe
MIPOTHO3  HIMEHCHIS 3TOTO BAWSHHA ABJAACTCA OANON M3 COCTAR-
HBIX 4acTeil o6uLero NPOruosa NPeoBpaIOBANNA NPUPOIHON CPeab,
1 HAYAALHBIM 5TanoM JAs NPOrHO3IMPOBAHMS Pa3IBITHA MCPIIOT-
HBIX NPOIECCOB.

B nactosuee spems na kadeipe wmepanorosetenus MY pas-
paﬁmam.l OCHOBBI TEOKPHOTOTHYCCROT O NPOrHOHPoOBANKSE, 410 1M0-
ABOJARCT OUCHUTL JIHHAMUKY MEPIAOTHHIX W HHIACHOPIO-TROAOr e -
CKHX YCIOBHA KAK B CBAAIL ¢ HIMCHEHIEM NPHPOILX  PakTOpOB,
TaK H No1 BJIHRYMHEM PALINUHLIY (‘ll()p))ﬁ('l”lﬁ (),lll.’ll\'(\ 1A peue-
HHSL NPOGAEMB 10 OXPaHe NPHPOAHON CPEAB FTHX AaHHLIX HEA0-
cratouno. Heo6xoanmo ua Gase cyuecTsyounx  paipabotok co-
31aTb KOMMIEKCHYI0O METOLNKY 10JT0CPOMHOTO NPOrHO3INPOBAHIS
BCECTOPOHHHX HIMCHEHHI NPHPOAHONR CPeab Ha 60abILIX npocT-
PaHCTBAX, rl€ BEACTCA WHPOKOE XOIAACTBEHHOS OCBOCHHC TepPH-
Topiit. Heo6xoaumo coctasiry KapTel MPOrHO3a HIMEHEHHA npu-
POHOH cpeini Ma TakHe Tepputopin. TOALKO Ha OCHOBE TaKHX
K4PT MOKHO Pa3pa6oTaTh naan MeponpusTHit M0 ynpapicHmo ne-
GAATONPUATHBIMH  NPOUECCAMI, BLI3BANNLIMI XOISACTBEHHON 1031
TEALHOCTLIO.

Mpo6aema ynpasaenns pasanunbivu NPHPOIHBIMI TIPOILECCaMil
BECLMa CJ0KHA M3-3a MHOFOCTOPOHHHX CBA3EN MCKTY npoleccami
n oasaennsvn. Ee moxkno pewntn nyrem BCECTOPOHNCIO HIVUCHIS
3AKOHOMEPHOCTER Pa3BHTHA NPHPOAHLIX AARALIADTOB H CBHIANNBIX
€ HHMII TCOKPHOJOrHYECKHX yCJAOBHIE B HCTOPHYECKOM ACHCKTe Ha
OCHOBE MATCPHAIOB KOMRACKCHON MEP3NOTHON  MHKCHEPHO-re0A0-
THUECKOR CLEMKH M anaania noayuennbix JAaHubIX ¢ HOMOUILIO
Pasanunbix naneopekoucTpykumit.  [loctpoenne na  s1oii ocnose
MOACACH NPHPOAHBIX W IPHPOAHO-TEXHHUCCKHX CHCTCM, 4 TaAKAKE
PEWEHHE 3a1au, XapaKTepH3YIOULIX paBoTy ITHX cHeTeM, B Gyay-
M 131yT HEOOXOUMBIE MaTepHaabl 145 paspaboTKy npURLKNOB
YNPaBACHAS NPHPOIHBIMH  NPOLECCAMH M OXPaHBl  OKPYKaloULCH
cpenl.

HanGoaee shdextuunivin metogamu nabaoienus 3a npeot-
PAIOBAKUAMIL APUPOAHOR CPEABE ABAKIOTCH PAINOPIINMCCKIE Me-
TOAbL 11 KOCMHUECKAN CHEMKa.

V. A. Kudryavisev, V. G. Melamed
(USSR, Moscow)

THE CHARACTERISTICS OF SIMULATING NATURAL
AND NATURAL-ENGINEERING SYSTEMS
IN PERMAFROST REGIONS

The features of industrial development of different rcriom are
to a considerable extent predetermined by natural conditions. In
this respect of great importance are geological structure, geo-
morphology and climatic conditions, as wil as all the other featur-
es of a landscape complex. In permalrost regions, geocryological
conditions are one of the decisive factors of the phenomenon The
nature and peculiarities of permafrost distribution and of cryoge
nic processes occurring in tgem are frequently responsible for the

rinciples and methods of industrial development in vast perma
rost regions

Of the whole natural conditions complex, geocryological con-

ditions are particularly distinguished by the two basic features
First and foremost, they are very dynamic in time. The second
feature of geocryological conditions is the presence of phase tran-
sitions affecting considerably the dynamics and character of geo-
cryological conditions both for natural and natural-engineering
systems. A mathematical simulation of geocryological and engi-
neering-geological processes and phenomena in permafrost regions
should therefore be performed with due regard for all these fea-
tures. -
Of particular importance is also the intimate relationship be-
tween the geocryological conditions and the whole natural con
ditions complex. Each factor of this complex (character and com-
position of rocks and their properties, reliei peculiarities, hydro
geological conditions, climatic zonation, soii-geobotanical feafures,
etc.) is responsible for the regularities of the formation of peren-
nial and seasonal frozen rocks.

It follows that a mathematical simulation of natural and natu-
ral-engineering systems may be regarded only in terms of the
general regularities of the formation and evolution of the geocryo-
logical conditions as a component of the natural and natural-en-
gineering systems. Here comes the necessity of using the evidence
ol geocryological surveys as a basis for the mathematical simu-
lation.

The geocryological processes are the processes whose physical
essence has been studied and developed properly in a theory of
heat and mass transfer in capillary-pore media. Therciore the
mathematical simulation of these processes 1s mostly performed
by determinate methods based on the solution of corresponding
problems of mathematical physics. It is reasonable to apply sta
tistical methods, primarily in processing geocryological <urvey
data peculiar to both the specificity of natural and natural-cng
neering systems and geocryological conditions, changing with
the wide range over vast regions under investigation

Successful application of the mathematical simufation i~ d
pendent on the choice of design diagrams and difierential cquation
systems representing in full measure the nature of the processes
It has been mentioned that in permairost regions the formation
and evolution of geocryological processes are expres-ed by an
equation system of heat and water exchange in capi'lary pore
media with due regard for phase transitions. It must Le noted
that the latter are the case both at the freezing (thawing) plan
and over the range of temperatures in permafrost upon the thermal
field dynamics within the limits of negative temperatures

In solving geocryological problems diiferential cquation sys
tems are often used without consideration of the phase transitions,
but this is unreasonable. In geocryological phenomena the action
of discrete and evenly distributed internal springs and heat out
lets conditioned by the phase transitions is so considerable that
not only quantitative but also qualitative aspect of simulation pro
cesses iy greatly distorted, provided this factor is not taken into
account

In simulating geocryological conditions, of great importance
is the right choice of the boundary conditions and values of rocks
heat-physical features. When choosing the upper (surficial) houn
dary conditions, it is essential to use general and particular regu
larities of the formation of seasonal and perennial irozen rocks
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The regularities are established during geocryological survey
Account should be taken of the effect of each factor of the natural
complex on the formation of temperature fields in rocks and on
their water exchange conditions

In this respect of paramount importance is establishing the re-
lationship between radiation-heat balance of the surface and geo-
cryological conditions. One should take into consideration both the
general regularities of the relationships and regional features of
cach landscape type within the region under study. In considering
these problems, when collecting field record, one must rely on the
geocryological survey techniques available by applying rapid
methods in the field and using approximation formulae, and by
verifying the calculations directly in conducting geocryological
survey in the field

A successful study of the general geocryological conditions
during the geocryological survey is largely subject to the right
choice of rocks' heat-physical features Such a choice is done in
accordance with the geocryological survey data on the heat-physi-
cal features

First and foremost, in simulating cryvological processes of the
natural systems it is essential to properly specify the course of the
changes in the natural conditions (both of the individual factors
and the whole landscape complex) and to associate them with a
possible change in radiation-heat balance components, with the
peculiarities of the development of rocks™ temperature conditions,
and with the whole complex of geocryological conditions It is
reasonable to conduct these studies through the paleogeographic
history of the region's formation, the permafrost history, and for
the recent conditions. Following the general regularities, obser
vations can be made as to predicting changes in the geocryological
conditions in the near future due to possible alterations of the
natural conditions of the region under investigation.

In considering simulation of natural-engineering systems it is
also necessary to take into account the character of man's indu-
strial activitics One should thoroughly make the choice of the
upper boundary conditions representing the essence of the environ-
mental distortion by construction practice

The mathematical simulation of the natural and natural-engi-
neering systems together with geocryological survey is a powerful
tool taking it possible to establish a probable course of a change
i the natural and natural-engineering systems due to inherent
dynamics of the environment and to man's industrial activities.
All this helps to determine probable predicted changes in geocryo-
logical conditions enabling one to choose for the given region the
optimum principles and methods of controlling cryogenic processes
to suit national-economic and environmental protection ends.

B. A. Kyodpseyea, B. I'. Meaamed

(CCCP, Mockna)

OCOBEHHOCTH MOAEJNUPOBAHKUSA NPUPOAHBIX
H NPHPOAHO-TEXHHYECKHUX CHCTEM AJ1 OBJIACTH
PACMPOCTPAHEHUA MHOTOJIETHEMEP3JIbIX MOPONL

Xapaktep # 0COGEHHOCTH MPOMIBOACTBEHHOTO OCBOCHHA pa3-
JMYHBIX TEPPHTOPHI B 3HAYNTEALHON Mepe Npeionpeiesenst npi-
POLHBIMI YCAOBHAMU: XaPAKTEPOM [CONOIHYECKOTO CTPOCHHSA, (€O~
MOPGOAOTHEH, KAMMATHICCKIMI  OCOOCHHOCTAMM M NIPOYHMH  Xi-
pPaKTENNCTHKAMH .1.’"(.1111.‘11"]”(1”; Komnaeckca. Ha pacnpocrpagenie
MHOTOJETHEMEPIABX TOPHLIX  NOPOL B IHAUHTCABHON  CTENCeHM
BAMAIOT TEOKPHOAOTHUCCKHE YCIOBHA.  ANapakTep it OCODEHHOCTH
PACNPOCTPAHENHA  MHOTOJETHEMEPLILS  NOPOA W NpoTekaloumie
B HHX KPHOTEHHBE [POUECCH HEPEIKO BO MHOTOM  Ofpele siorT
NPHHIANE H APHEMB  XO3ARCTBOHHOTO OCBOCHHS OBIIMPHBIX Tep-
PATOPHA.

3 BCEro KOMNAEKCA NPHPOAMBIX YCJIOBRI TEOKPHOAOTYecKHe
BH/IEASIOTCA MO ABYM OCHOBHWM npuinakam. [lpexae Beero reo-
KPHOJAOTHUECKHE YCJAOBHH Kpafine 1uHaMiuun Bo spemenn. Bropas
0COGEHHOCTL COCTORT B HAAIMHH BAI0BLX NEPEXOA0B, CYUECTBEHNO
BAMAIOILNX HA AHHAMMKY H NADAKTE) FCOKPHOTONMYCCKHX YCAOBHA
KaK A4 OPHPOAHBIX, TAK H HPHPOAHO TEXHHYeCKiX cnertem. Marte-
MaTHyecKoe Ml),’l(‘}lllp()ﬂ.’l"nl‘ ll'(‘\NpMHIUIH‘M't KHX HN)‘((‘!h'le)'l’l'U-
JOTHYECKHX MPOUECCOB M ABACHI B O6GJACTH BEUHOR MepasoTh
NOAKHO NPOBOANTLCH C YHETOM ITHX 0COGCHHOCTER

[lpn 3T0M BakHa TECHAH BIAMMOCHIIL MEAKLY TEOKPHOJIOIHYIE
CKHMH YCJAOBHAMH 11 BCEM OCTAILHBIM KOMILIEKCOM HPHPOIHBIX VO
aosui. Kamiwi Gaktop TOr0  KOMIIEKCA: Xapakrep i cocrTias
nopoa M X CBOACTBA, OCOBGEHHOCTH  pedbeda,  THAPOJOrHieckHe
YCAOBHA, KJAHMAT 1t NOYBEHHO reofoTannieckie  ocobennocti
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B TOA HAW HHOR Mepe Onpeieiser 3aKOHOMEePHOCTH GOPMHPOBaHKA
MHOTOJNETHE: M CE30HHOMEPIAKX TOPHEX N0poa

[103TGMy MaTeMaTHYECKOE MOAEAHPOBAHME NPHPOAHEX H Npit-
POHO-TEXHHYCCKHX CHCTEM MOXKET NPOBOANTLCH TOALKO ONUPEschL
Ha o0ulHe 3aKOHOMEePHOCTH QOPMHPOBAHHA H Da3BHTHA BCEX reo-
KPHOAOTHUECKHX ycaoBHA. B cBa3i ¢ sTum Bo3nikaer weoBxoau-
MOCTL  HCNOJL3OBAHHA MATEPHAN0B  TeOKPHOJOTHYECKHX  CBEMOK
B KAYeCTBE OCHOBL [ MATEMATHHECKOIO MOJCIHPOBAHHA

Dusnueckas CyUIHOCTb FEOKPHOAOTHYECKHX NPOLECCOB  A0CT4-
TOUHO XOPOWIO H3y4eHa W pa3paboTana B TEOPHM T€NJN0- H MacCCO-
nepeHoca B KanuJspHO-NOPHCTHX  cpeaax. MareMmaTHueckoe
MOJIEJHPOBAKHE 3THX NPOUECCOB B OCHOBHOM OCYUIECTBJAAETCH -
TEPMHHHPOBAHHKWMHI  MeTOAAMH, Oa3HPYIOUIHMHCA HA  pelleHiy
COOTBETCTBYIOULHX 3ajay MarteMatnyeckoA ¢usnku. [Ipumenenne
CTATHCTHUECKHX MCTONOB B JAHHOM CAyYae UenecooBpa3Ho raas-
HHM 06pa3oM npu 06paboTKe NaHHBIX MEPIIOTHOA CHEMKH, xapak-
TEPHIYIOULHX KaK CeuHPHKY NPUPOIHBIX H HPHPOIHO-TEXHHYECKHX
CHCTEM, TAK il T€OKPHOJIOTHYECKHE YCJAOBHA, HIMEHSIOUIHECH B M-
POKHX npeiefax Ha 3HAYHTEALHBMX TEPPHUTOPHAX B Mpelenax MHc-
CAEAYEMOTro pahoHa.

YCnewnocTs MaTeMaTHUECKOTO MOAEAMPOBAHKA ONpeieaneTcs
BRGOPOM PaCUETHHX CXCM H CHCTeM AHQQepeHuMaIbuux ypanue-
HH#, Haubo.1ee OOBLEKTHBHO W MOJHO OTPAKAIWMX NPHPOIHYIO
CYWHOCTb npoueccos. B 06aacTh Beunoit Mep3ioTh, Kak yxe yka-
3BIBAA0Ch, POPMHPOBAHNE H PAIBHTHE TEOKPHOJOTHUECKHX Mpoilec-
COB  ONHCLIBACTCA CHCTEMOH YPABHCHHN Tenao- M axaroobMmeHa
B KaMuAJAApHO-NOPHCTBIX CPeAax M 06R3ATENbHLM Y4eTOM (a30Bbix
nepexonos. CyumiecTRenio, 4to dasosble nepexoibl NPOHCXOAAT Kak
Ha QPOHTE (IPOMEPIAHHA (OTTAHBAHNA), TAK H B AHANA30HE TeM-
nepaTyp B TOJIAX MEP3AbX FOpPHbIX MOPOA NPH AHHAMHKE TemMne-
pPATYPHOTO 1OJS B npejlenax OTPHUATEAbHHX TeMnepaTtvp

B npaktike pewenus reoKpHOJOrHYECKHX 3a1a4 HEPe1KO NOIb-
3YIOTCH  CHCTeMaMit auddepenunanbunx  ypasuedin 6Ges yuera
$a30BbiX npespalleHHH. ITO HEAb3A NPHIHATL NPHEMAEMBIM, NO-
CKOJbKY BJHAHHE MOPOKIaeMbiX (ajoBLMH NepexoiaMi AHCKPET-
HBIX M DAaBHOMEPHO PpAacHpeleseHHbX BHYTPEHHUX HCTOYHHKOB M
CTOKOB TellJla B IE€OKPHOJIOIHYECKHX SBJACHHAX HACTOJBKO BEJAWKO,
4TO npeHeGpexeHHe 3THM (AKTOPOM BeleT K HCKaKeHHIO He
TONLKO KOJHYECTBCHHOM, HO H KAYECTBEHHOR CTOPOHBI MOAEIHpYe-
MBIX NPOUECCOB.

BecbMa BaKHO npH MONGAHPOBAHHH TCOKPHOJIOTHYLCKHX YCAO-
BHII NPABUABHO BHIGPATL KpaeBble VCAOBHS i 3HAYEHHS Tenaopu-
3HYECKHX XAPAKTEPHCTHK TOPHLIX nopod. [lpy BuiGope BepXHHX
(MOBEPXHOCTHBIX) TPAHHYHBIX YCJIOBHA Heo6XOAHMO NOJL30BATHCR
YCTAHABJAHBAEMBIMH B NPOUECCE MEPITOTHON CbeMKH OGWHMH H
HACTUBIMH 3aKOHCMEPHOCTAMH QOPMHPOBANHA CEIOHHO- W MHOrO-
aetHemepsanix Toaul IIpu 310M HEO6X01MMO VYHTHBATL BAHAHHE
Kax10ro paktopa npHPoOAHOro KoMmmjaekca na GopMupoBanune TeMm-
nepaTypubix NOJEH B FOPHBIX NOPOIaX W YCAOBUA Baaroo6mexa
B HHX

CaMBIM I1aBHBIM MOMEHTOM B 3TOM BONPOCE SBARETCS YCTAHOB-
JAEHHE CBA3H MEAKLY PaiHALHOHHO-TENNOBLIM 6aiaHCOM NOBEPXHO-
CTI 1 TEOKpHOJOrHYecKHME yeaosusmi. [Ipn stom caeaver umers
B BIY KaK OOUIHE 3aKOHOMEPHOCTH TAKHX CBA3EH, TaK H peruo-
HAJIbLHBIC OCOGCHHOCTH JLIS KAaXAOTO THNA MECTHOCTH B npeiesax
neeaeayemoro paitona. Ilpu c6ope matepuanos B noaeBwix ycmno-
BHSiX CAeAyeT 6a3sipoBaTLC HA CYWECTBYIONIME METOANKH MEpaJoT-
HOH CBEMKH C NPHMEHCHHEM 3KCNPECc-MeTOA0B B N0JE¢ ¢ HCNOAb30-
BanneMm llyl!ﬁ,’lltd\l‘lllll.l_\ "‘(!p\!)‘{l H NPOBEPKe 3THX pacuieron Henoc-
PEACTBEHHO npit npoH3IBOICTRE Mt'l‘"l.'h""l)l‘! CBLEMKH B noJe

Ve nex HIyucHus obunx FEOKPHOJOTHYECKIX YCAOBHEH OpH MC p3
JOTHOR CHLEMKE BO MHOTOM ONpPefesieTess NPaBHALHLIM  BHGOPOM
TENIOQUIHICCKHX XAPAKTEPUCTHK ropHbX nopod. Takoit Bu6op
NPON3BOIHTCA B COOTBETCTBHM C AaHHLIMH  MEP3IJOTHON ChEeMKH,
KOTOPAst NPOUIBOIHTCH AU ONPERESCHHS TENAOPHIHIECKHX XapaK-
TEPHCTHK B HATYPHBIX YCJIOBHAX

[Tpi MoAeanpoBanin  KPHOAOTHUECKHX NPOUECCOB NPHPOTHBIX
cieren neo6xojmMmo npexie Beero npasuaLno ONpeseanTb xXol
CCTECTBCHNHBIX H3MEHEHHA NPHPOAHBIX  YCAOBHA  (KakK  OTAeALHbIX
Gakiopos, TaK M JAHAWAPTHOIO KOMIAEKCA B 11€J0M), CBA3ATL X
C BCPOATHHLIM HIMCHEHHEM COCTABASIIONINX P/ HAIHOHHO-TENAOBOTO
Gaaanca H 0COGCHNOCTAMH PAIBHTHA TEMICPATYPHOTO PEKHUMA OPOL
H BCETO KOMIVICKCA TeOKPHOAOIHYCCKHX yeaosuil. Taxue wecaenona-
Wit 1eaecoo6pasno NpoBOAHTL Ha OCHOBE naJjeorcorpagmuueckoit
HCTOPHIE POPMUPOBAHNA PafONa B 1EJOM W HCTOPHH  Pa3BUTIR
MEPIABIX TOJIL ¢ YyY9eTOM coBpeMmenubix yeaosuit. Ha ocnose 06-
HIHX  3AKOHOMEPHOCTeN  MOKHO  NPOrHOAHPOBATH  WIMCHCHHE
TCOKPHONOTHUCCKUX YCIOBHA B Gammafiwes 6y 1yIes B CHAIH C OXKIL-
JAACMBIMH HIMCHEHHHMH NIPHPOTHLIX YCAOBITH JLaHHOTO [\.ll’iﬂ"il

”;'M PACCMOTPCHIHE MOACIHPOBAKHA HPHPOIHO - TEXHHYCCKHX Cil-
CTeM HeOOXOTIMO TaKKRe VUHTHIBATL NAPAKTep NpPOHIBO 1CTBOHKON
ACHTEALHOCTH 4e10BeKa. Oco60 TIMATEIBHO NPH 3TOM 100KEH npo-
BOAHTBOA IH-I()UP BECPXHHX FPAHKYMHBIN  VCTOBHH OTpasaunx
CYIHOCTE  HUKAACHHA NPHPOAHON OBCTANOBKK NPAKTHKOR CTpON
TeAbCTRA

Takum nf![I.l 1OM, MATEMATHUCCKOE MOACTHPOBAHNC TIPHPOAHBIN
N OPHPOAHO- TEXHHYECKHX CHCTEM B COMCTAHHM ¢ \ll'}‘!,ll'”l(lﬁ CheM
KO SIBASETCH MONLHBIM HHCTPYMEHTOM, NOIBOASIOWNM VCTAHOBHTL

- 7.
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BEPORTHMA XON HIMENEHMN NPMPOAHBIX It NPOPOAHO-TEXHHYECKN X
CHCTEM 38 CYeT eCTECTBEHHNOR AMHAMHKH NPHPOANOR Cpeabl H NPo-
HIBOACTBEHHOR NEATENBHOCTH WeaoBexa. ﬁ’ COOTBETCTRHH C ITHM
ONpeAeAReTCA NPOTHOIHPOBAHIE HIMEHEHHR TEOKPHONOTHYECKHX
YCAOBHA, NO3BOARIOWNX BMOPATL ONTHMAAbHME ANR AAHHOTO pafi-
ONa NPHHUNNK W NPHEMW YNPABJACHHA MEPINOTHHM MNpPoOUECCOM
:pnaponuoxmuﬂcneuuux UeAAX H B UCARX OXPaHLl OKpyXKaiouleit
ean.

L. S. Garagulya, V. A. Kudryavtsev,
E. 1. Nesmelova
(USSR, Moscow)

THE ROLE OF RADIATION-HEAT BALANCE
IN PERMAFROST EVOLUTION

Thermal state of rocks in the earth's crust's upper levels is
determined by a structure of the surface radiation-heat balance
and by heat flux from its interior. The amount of solar energy
(transformed into thermal) which is specified by the annual heat
circulation is lost through the formation of rocks' temperature
conditions. The value of the annual heat circulation can be obtain-
ed irom an equation of the earth's surface radiation-heat balance.
The equation has been worked out for a half-period of heating or
cooling of the surface and basement rocks:

Q=R—LE—P, (1)

where Q is the value of positive or negative heat circulation through
soil surface, in Cal/m? R is the radiation balance in Cal/m? LE
are the heat losses due to evaporation from the earth’s surface
in Cal/m2: P are the heat losses due to turbulent heat exchange of
the carth’s surface with atmosphere in Cal/m?.

The relationship of heat circulations in soil and rocks to the
earth's surface temperature conditions, to thermal conduction and
thermal capacity of rocks, and to water phase transitions in rocks,
is well-known. it may be expressed as follows:

TG,
e

Q=:(nA,C+Qp)+1 2t |

where & is the depth of seasonal thawing of freezing of soil and
rocks, inm m; Aep is the amplitude of annual temperature fluctua-
tions, average in a layer &, in “C; C is the volumetric specific heat,
in Cal/m?®deg; # is the coefiicient of soil thermal conduction, in
Cal/m deg h; Q, is the heat of water phase transition upon thaw-
ing or frcezing of soil in a layer &, in Cal/m?, t- 1s the average
annual temperature of rocks at a depth oi scasonal thawing or
freezing. in °C, T is the period (year), hour

From the equations (1) and (2) it is possible fo obtain a value
for average annual temperature of soil and rocks subject to the
components of the carth’s surfuce radiation-heat balance and to
geological factors which arc responsible for rocks’ heatphysical
properties:

R —LE —P =5%(nA,C +Qy)
i S e 3)

_“‘/ 2TC
228,

In the period of cooling, due to abrupt reduction of solar
energy influx and to increase m the surface albedo (after snow
fall), the carth's suriace temperature in the regions of permafrost
and seasonal freezing of soi) is determined primarily by effective
radiation. As soon as the radiation balance becomes negative, and
the suriace temperature falls to zero, the process of water evapo-
ration from the surface practically ceases, the turbulent heat ex-
change significantly decreases and changes its sign. At that time
heat return from rocks into atmosphere proceeds by thermal radia-
tion. For this reason. the negative radiation balance representing
the surface effective radiation in winter may be related to average
annual temperature of rocks through negative heat circulations

i _R—tnAGC + Q) @

V 2T
Sl

The equation (4) is a particular case of the equation (3), and
the limits of its applicability are determined by specific climatic
conditions.
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~ The relationships under review are of great importance for
investigations into thermodynamics of rocks’ upper levels. On this
basis it is possible to define a regular change in temperature
conditions of rocks with different composition, thermophysical pro-
perties, hydrogeological and tectonic conditions in connection with
the structure of the earth’s surface radiation-heat balance.

The formation of the earth’s surface radiation-heat balance is
subject to a complex of geological and geographical factors, which
is shown on a map of heat exchange conditions (the scale of
1 : 7500 000) compiled for the USSR permafrost regions at the
Permafrost Studies Chair.

The effect of each factor on the features of the radiation-heat
balance structure and on rocks' temperature conditions is roughly
determined by various empirical formulae. Using the formulae,
one can assess changes in rocks' temperature conditions, perma-
frost formation or thawing depending on the radiation-heat ba-
lance structure for specific sites.

Following the relationships obtained, measures can be outlined
on controlling geological conditions through a directed change in
the radiation-heat balance structure for the most reasonable in-
dustrial development of the territory in connection with man's
industrial activities.

JI. C. l'apazyas, B. A. Kydpneyes, E. H. Hecmencea
(CCCP, Mocksa)

POJIb PAAHAULHOHHO-TENJIOBOIO BAJIAHCA
B PA3BUTHH MHOTOJIETHEMEP3JIbIX NOPOA

TenaoBoe COCTOAHHE FOPHBIX MOPOL B BEPXHHX FOPHIOHTAX FeM-
4Of KOpH Onpeleisercs CTPYKTYPO#A paaHaUMOHHO-TenaoBoro 6a
J1aHCa NOBEPXHOCTH H TENJA0nOToKoM u3 ee Heap. Ha gpopmuposanie
TEMMePaTYPHOTO PeXHMA TOPHBIX NMOPOL PACXOAYETCS TA YACTh CO.-
HEYHOH 3Heprun (TPaHCHOPMHPOBAHHON B TENAOBYIO), KOTOpas Oli-
peneasercs ronosuiM Tenaooboporom. Beawuuna roaosoro tenio
060poTa MOKET GbITh ONpele]eHa W3 YyPABHEHHS PALHAUHOHKO-TCI
aosoro  6Gajanca  3€MHOM  NOBEPXHOCTH,  COCTABACHHOIO 105
NoJ1yNepUOAA HATPeBAHUS HIAH MOTYNCPHOLA OCTHIBAHHR NOBC)XHOC Tit
M N0JACTHAAWUKX NOPOA, T. €.

Q=R—-LE—-P, (1)

rae Q — BeaH4HHA MOJOKHTEALHOTO LT OTPHUATEIALHOTD TO10BOIO
Ton.’l(m()np(nu, llp()X(),’lﬂlll(‘('() ‘{t‘p(‘l NOBEPXHOCTL NOYBLL KKaJg M-
R — paxnannonnpi Ganane, Kkaa/m?; LE — 3atparul Tenia wa i
napeHne ¢ NOBEPXHOCTH NOYBLI, KKaa/M% P — 3atpatu tenia na
TYPOYICHTHLIL TeNI006MER  ICMHOR NOREPXHOCTH ¢ ATMOCHepoi,
KKa.1 m?

Oﬁlu(‘ll'iﬂ(‘(‘TNHﬂ FARHCHMOCTH T(‘H.’I()(l()(lp("l)ll B NOYBEC N TOPHLIN
MOPOZAX OT TEMNEPATYPHOIO PEAHMA IEMHOH NOBCPXHOCTI, TCILI0
"pl)BOlllﬂ\WM. TCNIOCMKOCTH l’()pIHvIX nopoi " ltl{l J08LIX nIpespatic
HItI BOAB B NOpoaax. ITa 3aBHCHMOCTL MOKET ObiTh BLDIKCHG
CACAYIONLIN 00Pa30M:

Q=t(rAGC+HQy)+V 26 | 2=, @)

rie §— rayOiHa Ce30HHOrO OTTAMBAHNA WA NPOMEPIAHUA NONS 1
FOPHBIX NUPOL, M; Aup — EMIIITY G TO0BRX KOAeOanui Temnepa
Typul, cpeansn B caoe E °Ci € — o6neMHan TenaoeMKoCTn [pVHTA,
KKat/em®  rpat; 2 — KOspPuupent  TenaonpoBOAHOCTIN  TPYHTA,
KKa1/M rpai. 4, Qep — TeNA0Ta ha3osoro Nepexosa BoAL pit oTran
Baniy 1L NPOMCp3aHHH TPYHTa B caoe I, KKad/m¥ (5 —cpeinsd
TOMOBAs TCMNEPATYPA TOPHBLIX NOPOA Ha AYOHHE Ce30HHOTO OTTAN
Banns nan npomepsanns, °C; 7' — nepuox (roa), 4
Ha ypasnenuit (1) 1 (2) MOKHO NOJAYUNTL IHAUCHHE CPeTHC

rOA0BOI TEMICPATYPULL TIOYB 1t TOPHLIX TIOPOL B 3ABHCHMOCTI OT €O
CTaBJIAIOMNN [HLHIHHH()“"(!'H‘ll.'l(lH(\Hl GATAHCA 3CMHOMN HoBepyrRocTit
W rCOJOTHUeCKIN  (DAKTOPOB,  ONPCALARIOUNX  TenAoduIniecKie
CBOIICTBA MacciiBa Nopoi, T. €.

R— LE =P —(nA4C + Qcp)

i AUTC
=

B neproa OCTBIBAHNA TEMICPATYPa IEMHON NOBEPXHOCTI B 00
AACTI BEUHON MCPII0THE i CE30HROTO NPOMEPIAHNS NOUB )1 TPYHTOB
BCACICTBIG PCAKOTO COKPALLEHNS NPHXOLA COAMEUHON aHenii i
YBEAMUCHIR 2160010 ROBEPXHOCTI (HOCIC BBITIALCHISE CHELA) Olipe
JEARCTCR, TAABHLIM  00Pa30M, shPerTnBHbIM  Haayucnies. Koria
Pil_'l”-'“l“ll"llhll‘l OATANC CTAHOBITCH t\l})lllli!I't‘.'thI-l\!, a remueparypa
NOBEPNHOCTH NOHIZKAETCR 10 HYJIH, NPOLECC HCMAPEns Baatn ¢ 1o
BEPXHOCTI NPARTHNCCKH NPEKPAILACTCH, TYPOYACHTHEN TeHa000MCH
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CYWIECTBEHHO YMEHbLIACTCA W Mekser c¢sOR anak. B 370 Bpema or-
2a4a TenJa W3 rOPHMX 10POL B 4TMOCHEPY NPOHCXOAHT NyTeM Ten-
N0BOr0 HaAyuerus. [lodtoMmy oOTpHuaTe bHHWA pPafAHBUMOMHNWA Oa-
JAaKC, NPEACTABANIILHKA c060h 3PPEKTHBHOE KI/YyYeHHe NOBEPXHO-
CTH B IHMKHA NnepHOL, Yepes OTPHILATEAbHBIE TeNA0000POTH MOXKET
ObiTb CBA3AH CO CPeJHEeroAoBOA TEMIIEPATYPOA MOPOL CACAYIOLLHM
o6pa3om:

R —E(nAcyC + Qcp)

fim

V

Ypasnenne (4) aBAReTCA HACTHWM CJyuaem ypapHeHus (3),
npeaeini ero NMPHMEHHMOCTH ONPeaeJAIOTCA KOHKPETHBIMH KJAHMa-
THYECKHMH YCAOBHAMH

PaccwaTpiBaembie 3aBHCHMOCTH HMelOT 60abi0e 3HAYEHHE AN
HCCNENIOBAHHA TEPMOAUHEMUKY BEPXHUX TOPHIOHTOB FOPHEIX NOPOA.

TMossaserca BOIMOXMNOCTD YCTAHOB/ICHHW 3AKOHOMEPHOTrO H3MEHe-
HHA TEMNEPATYPHOTO PEXHMa rPYHTOB, OTJAHYAIOUIHXCA COCTABOM H
TenAoQPHINYECKHMH CBORCTBAMH, THAPOre0 OrHYeCKHMH H TEKTOHHYE-
CKHMH YCJOBMAMH, CBRIGHHHMMU CO CTPYKTYPOR PaAMAUHOHHO-TEN-
N0BOro GanaHca 3eMHOA NOBEPXHOCTH

QOopMHPOBAHHE PAAHALHOHHO-TENJ0BOro OanaHca 3eMHOA 10-
BEPXHOCTH ONpeeAReTCA KOMIMJEKCOM reorpauyeckux M reoJoru-
yeckux (aKToOpOB, YTO BHPaXeHO B KapTe YC/IOBHA Tensoo0MeHa
(mMacwta6 |:7500000), coctapaennok na Kadeipe mep3noroseie-
HHA 118 TEPPHTOPHH PACNPOCTPAHEHHH BEYHOA MEpP3NOTH B Mpe-
aeaax CCCP.

Bansnue Kaxaoro paktopa Ha 0cOGEHHOCTH CTPYKTYpPH paaHa-
UHORHO-TENN0BOTO GaNanca W TeMNepaTypHHA PeXHM Nopoa NpH-
6AHXEHHO Onpe/leNeTCA PasaHYHBIMH IMIHPHYECKHMH POPMYTaMH,
IMoabaysich 3THMH GOPMYAaMH, MOXHO OUCHHTb H3IMEHEHHA TeMile-
paTypPHOIO peXHMa nopon, o6pa3lopakine HAH OTTaHBaHHE MHOrOJeT-
HEMEeDINhLX TOAUl B 3ABHCHMOCTH OT CTPYKTYPH PalHALMOHHO-TE:l-
210Boro 6ananca ANR KOHKPETHHX YYacTKOSB.

Ha ocHOBaHHH MOJYYeHHHX 3aBHCHMOCTEH MOryT OwTh onpese-
NeHbl MEepONpHATHSA, HANpaBjleHHBe Ha H3MEHeHHe CTPYKTYpH pa-
AHauKoHHO-TenAoBoro Gananca Aas Han6ojee PauHOHAALHOTO NpO-
H3BOJICTBEHHOrO OCBOEHHS TEPPHTOPHH H OXPaHbl NPHPOLHOA CPejnl.

4)

V. S. Yakupov, V. M. Kalinin
(USSR, Yakutsk)

METHODS OF MAPPING OF PERMAFROST THICKNESS —
COMPILING REGIONAL MAPS

The study of permairost morphology and its thickness, in parti-
cular, comprises one of the main problems of geocryology. The
most complete investigation of permairost is possible with the
help of geophysical operations in sufficiently deep wells. These
geophysical operations allow one to study the geothermal field
and to determine independently the permafrost base position, that
is necessary if the ground water is not fresh. However, this work
advances extremely slow, as the positioning of deep wells and
mines is determined by the location of industrial or promising
fields of mineral deposits and large settlements. As a result, there
is no a well on vast territories with extreme natural conditions
and the situation will not change in the nearest future. Therefore,
it is very important (o use broadly and systematically geophysical
methods for determination of permafrost thickness. At present, a
method of this problem solution is developed with the help of
electrical depth sounding (EDS) technique Electrical interface
coincides with the boundary separating rocks with different phase
conditions of free water containing in them The determination of
permafrost thickness by EDS technique is possible in the following
conditions: a) electrical boundary on which specific electrical
resistance falling to two and more times is in line with the per
mafrost base; b) frozen rocks make up a puart of a thick litholo
gical homogeneous terrane and the nature of the boundary deter
mined is beyond doubt; ¢) frozen unconsolidated deposits do not
shield permafrost base. These conditions (by permafrost thickness
being more than 100 m, which is typical of the northern regions)
are easily carried out and controlled when frozen strata is a bed
rock

By present time a large volume of work has been done on de
termination of permafrost thickness by using EDS technique in

eastern Siberia and in the North-East of the USSR Thus geocryo-

| possesses method of determination of permafrost thickness by
é.gg techmique and has necessary experience of its application
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Nevertheless, provision of compiling of permalfrost thickness
maps for vast areas with sulficient amount of actual material cor-
responding to the map scale is still the work of very large volume.
Therefore, more expedient i1s map compiling on the basis of regu-
larities relating permafrost thickness to factors known. For inst-
ance, for the areas composed by rocks with approximstely equal
heat conductivity and fresh ground water, change in stationary
frozen strata from point to point under other equal conditions is
determined by mean annual rock temperature variation. Mean an-
nual temperature directly and indirectly usually depends on eleva-
tion of the region. For Chekanovskiy Ridge correlation coefficient
belween the elevation of point and permafrost thickness is 0.6;
relation is linear here. According to the data of EDS technique
relation between the average values of permafrost thickness H and
absolute marks h is given by the regression equation:

H==0,64h4320; 100m < h < 500m. m

This equation allows to calculate permafrost thickness appa-
rently everywhere within Chekanovskiy Ridge as geomorphological
unit. It is necessary to specify south-west boundaries of the region
of the equation application: as it will be seen further eastwards in
Verkhoyanskiy Ridge permafrost thickness 1s subjected to other re-
gularity.

Similar feature was found for Anabarskiy crystalline massif
where permafrost thickness increases rapidly with altitude: hypso-
geothermal gradient is larger than geothermal one

H=1.17h+180; 100m < k< 700m 2

It is possible that for definite area permaifrost thickness doesn’t
change with altitude or changes only slightly as a result of inter-
action of all factors. In this case existence of relation between
absolute marks of day surface h and base of permairost h,, is
expected This also allows to calculate permafrost thickness at any
point of the region. Such relation which is rather close (correla
tion coefficient being 0.66) was stated for Verkhoyanskiy Ridge
northern extremity to which Chekanovskiy Ridge discussed above
as adjacent in the west

h,=0,681  350; 100m < k< 500m. 3)

In the basin of Olenek River middle-course with salted ground
water permairost thickness is subjected to rather extreme and sig
nificant variations caused by the changes of ground water minera
lization. The main tasks of the investigation of permairost thick
ness in such regions, in the plan considered, are the definition of
its mean value, dispersion characterizing variation amplitude, i e
function of permafrost thickness, the possibie trend of permairost
thickness mean value and improvement of the region boundaries

On the basis of the existence of the regularities oi the
described the following method of compiling of permafrost thick-
ness regional maps is suggested. It allows to use widely clectrical
depth sounding technique for the determination ol permairost thick
ness:

) mapped territory is divided into the area stable by possiblc
large number of factors determining permafrost thickness (taking
into account geological composition, reliet and hydrogeological
conditions) ;

2) the relations for each of them are defined as the equations
of regression between the frozen strata thickness and determining
it directly or indirectly variable factors known or easily found,

3) in the case when these relations are ahsent the function ol
permairost thickness distribution is composed

4) refined are the boundaries of areas in the limits of which
these equations or distribution functions are valid. When 1t is ne
cessary the additional works are carried out

As a result, the amount of data needed for the compiling of
permafrost thickness maps (of predetermined scale) for specific
region may be reduced up to number sufficient for the determina-
tion of the relationships required, i. ¢ reduced rather significantly

type

B. C. Sixynos, B. M. Kaaunun
(CCCP, SAkyrek)

METOJ/L COCTABJIEHHS PETHOHAJIbHBIX KAPT
MOILHOCTER MEP3JIORA TOJLH

Hayuenne Mophoaornn Mepaaoi 1oL, B YaCTHOCTH ee Mout-
HOCTH, NPEACTABAACT OAHY W3 OCHOBHEIX NPOGAEM MEPIAOTOBEACH S
Hau6oaee NOAHO HCCACAORATH MEPIALIE TONULE BOIMOKHO ¢ MOMO
b0 reorpaduueckinx pabor B A0CTATONHO TaybOKIX CKBAKMHAGN,
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NO3BOARDILHX HIYYATH MEOTEPMHYECKOE NOAe H ONpEAeANTL NONO-
MeMMe WHXHER TPanuubli MEpINoR TOMUW B Cayuae, eCAH NOA3EM-
RMe 302N He ABANOTCH npechniMu. Oxuako sta paGora fpoasit-
raeTca NPeIBLNAAHO MELNENNO, NOCKOALKY PacnonoXenHe ray6okux
CKBEMHN W WAXT 3ABHCHT OT DA3IMELLEHHA NPOMMWNEHHHX npei-
NPHATHRA, NEPCNEKTHBHHX MECTOPOXIEHNA NOAEIHWX HCKOMaeMhiX
N KPYNNBX HACENEHHMX NYNKTOB.

B pesyabrate HA rPOMaAHBIX TEPPHTOPHRX B OCHOBHOM C KCTpe-
MANBHBMM NPHPOAHBIMA YCAOBHAMH HeT HH OAHOR CKBAXHHMI, |
¥ 8 GanxaRwem Oyayuiem noioxenne He nimenntes. lMostomy nan
ONpeeICHHA MOULHOCTH MEP3NOR TOAULH (MMT) ouenb BaXHO WH- |
POKO M NA2AHOMEPHO HCNOJALIOBATH reodPuinyeckHe Mmeroan. K Ha-
CTORUIEMY BpPeMEeHH 1A pellenHs 3TOA 3anaun paspaGoraH Metod
BEPTHKANBMOrO 3.1eKTPHYECKOro onanposanna (B33). Saexrpuue-
CKan rpaHMuA pa3jena coBmajnaer ¢ rpakuued, pasnensoued ropHie
nopoasl ¢ pasaiuHMi Pa3oBHIMH COCTOSHHAMH CcofepXaiefcs
® Hux cB0GOAHOR BOIK.

Onpeneaenne MMT metonom B33 Bo3MOXKHO npH caedyiouinx
YCROBHAX: HHXKHEN rpaHulle Mep3Joi TOAUIH COOTBETCTBYET 3.1eKTpi-
uecKas FPaHHLA, HA KOTOPOH Yle1bHOe 3J1eKTPHYecKoe CONpOTHB-
JeHue YMeHbWaeTcs B 2 pa3a W 6oJee, Mep3inie ropHbe NOpo.bi
COCTABJIRANOT YaCTh OCTATOMHO MOWIKOH JHTOJOTHYECKH OAHOPOAHON
TOMIUM H NPHPONA ONpENeNsieMOA TPaHHUL He BLHILIBAET COMHEHHH;
Mep3/ibie pHXAbe OTJOKEHHS He 3KPAHHPYIOT HHXKHIOWD TpaHHLY
mep3aof toamn. Ecan MMT Goaswe 100 m, 4To # CBORCTBEHHO
ceBepHBIM pafoHaM, 3TH YCJOBHS HanGo.1ee J€rko BHINOJHAOTCA
M KOHTPOJIHPYIOTCA B TOM CJyyae, KOrj1a Mep3/ibie nopoabl ABAIOTCH
CKaJbHRIMH.

K HacrosuieMy BpeMeHH NpoBeleHbl 3HauHTeAbHbie paGoThl NO
onpeieaennio MMT metozom B33 B Boctounoit Cubupu n Ha ce-
pepo-Boctoke CCCP.

TeM He MeHee [11s NOCTPOEHHs COOTBETCTBYloulero Macmraba
Kapt MMT xpynHuX persoHoB noJyueniue 10CTATOYHOTO KOJdHue-
cTBa QAKTHYECKHX JaHHBIX NO-MPEXHEMY OcTaeTcs paGoTol oyeHb
Goabworo o6wvema. [lostomy Goaee wenecoo6pasuHbiM NpejacTas-
JRETCA COCTaBJAEHHE KAPT Ha OCHOBE 3aKOHOMEPHOCTEH, CBA3bIBAIO-
winx MMT ¢ u3secthuimn paKkropamu.

Hanpuwmep, 138 paioHOB, CJIOXKEHHBIX MOPORAMH C NPHMEPHO
OAHHAKOBOM TeMNJI0NPOROAHOCTLIO H NPeCHbBIMH NOA3eMHLIMH BOAAMH
HIMCHEHHEe MOWHOCTH CTAUMOHAPHON MEP3JOof TOMUH B PAINHUHBIX
TOYKAX NMpH NPOYHX PABHBIX YCAOBHAX ONMpeACAsieTcs KoJdeGanuamu
CPeAHero1080# TeMnepaTypu ropusix nopoix Ilocaeuss — o6Guuno
I NPAMO it KOCBEHHO (Yepe3 reoMopdoaornyeckie ocOGEHHOCTH) 34-
BHCHT OT BLICOTHL MECTHOCTI Hajx YPOBHem Mopsi. CaeloBaTebHo,
ceazb sMexly MMT M BuIcOTOR TOYKH HAGTIOACHHA HAL ypOBHEM
MOpPSE MOAKeT CYHIECTBOBATL B 1ABUCHMOCTH OT COOTHOUICHHS reo-
TepMHuecKOto i runconeTpuyeckoro rpaanenton. Jlas xkpsxa Ye-
KaHOBCKOro KO3 ilIeHT KOPPeasiility M1y BBHICOTOH TOUKH #
MMT panen 0.6, cBa3n MeXTy HuMH Auneinasn. Cpasb MeX1y cpel-
HuMu snadennsmn MMT H, no aannsiv B33, M a6coaoTHbiMK 0T-
MeTKaMMH A BLIPAKACTCA VPABHCHHEM perpeccun:

H-=0,64h-1-320; 100 M <" h <2500 m. )

310 yvpasHenie no3soaser  Buiducante MMT, no-suanmomy,
B npeiesax kpsima YcKanonckoro Kak reoMopgo.10rudeckoit eiau-
Huub. [lo27eAKaT YIOUHCHINO 10T0-3aNaHLC TPAHHILLE IPHMEHRMO-
cTi ypasuenns: Boctounee, B Bepxosinckom xpe6te, MMT noaun-
HACTCH HHOW 3aKOHOMCPHOCTIL,

MMoxo6uas 3aBMcIMOCTL ycTaHoBaAeHa 118 AHaGapcKoro kpi-
CTALTNYCCKOro MaccHBa, B npeaeaax Kotoporo MMT ¢ Buicotoi pa-
cTeT eule OGLCTpee — MMNCOTEPMHYECKHI TPaJIHCHT GOAbLLIE TeOTCP M-
YECKOro

H=117h4-180; 100 m <k <700 m. 2)

BOo3MOKHO, 4TO 175 KOHKPETHOrO PafioHa B pe3yabTate B3anmo-
AencTBig Beex Gakropos MMT ¢ BHCOTOR HE HIMCHACTCR a1 13-
MEHACTCH B CPABHUTEILHO Heboabwinx npetetax. B srom cayuae
CIEAYET OMH1ATH CYULCCTROBANNA CBAIH MeKLYy a0CONOTHBMIL 0T
METKAMH AHEBHON NOBEPXHOCTH A 1 HILKHER rpanuubl Mepiiof
1oty hy, 410 Takke nosoaser Buuncants MMT aas wodoi
Toukn paitona. Takan 10BoabHO TecHas c8siss (Kosdduunent koppe-
A paser 0,66) 6u1a YCTAHOBACHA 1% CEBEPHOI OKOHEMHOCTH
Bepxositickoro xpe6Gta, K KoTopoii ¢ 3anais npuMbikaer kpix Ye-
RAHOBCKOTO

hy,=0,68h - 350; 100 M k<500 w. 3

B Gacceine cpeanero tedenns p. Oucnek, ¢ sdacoaeniumit not
seMupivi Bodamit, MMT HCNBITUBACT 20BOALHO PeIKHE JHAUITE L
Hoie Kodehanin, 06YCAOBICHNBIL HIMCHCHISIMI MIHCPAINIAUIN noL-
MePIIOTHBK BOL OcnosuuiMi datasamu npu izyaert MMT 1akiy
PARONOB ABARIOTCA ONPEICICHINE €€ CPEARCTO IHAYCHIA, AMCHCPCIT,
NAPAKTEPHIVIOWEH aMmanTy 1y Koaebanni, 1. ¢ GyHKinn pacnpeie-
et MMT, posmoanoro tpenia cpetnero suaticnis MMT i yron
HCHHE [PARIIL Paitona
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C yueTOM 33KOHOMEPHOCTEH ONHCAHHOTO THNA NPELIAraeTca cae-
AYIOUIMA METOA cocTaBaeHist pernonanviux kapr MMT, ocxosan-
HOH HA WHPOKOM HCROABIOBAHHHM AA% ee onpelesenns merona B33:

— KapTHPYEMan TeppPHTOPIst PA3TeARCTCR Ha pafionn, cTabuan:
HWC N0 BOIMOXKHO 6OJbWEMY uncay $akTopos, OnpeaeasioutHx
MMT (c yueToMm reoJorsyeckoro CTpPOeHus, peabeda n ruiporeoo-
ri4eCKOR 0OCTAHOBKH) |

AR KaXKI0T0 M3 HHX OTWCKHBAKOTCH CBA3IH — B BHIE ypaBHC-
nuit perpeccuit Mexay MMT i onpeaeasoutHMu ee npAMo HAH Koc-
BEHHO NepeMeHHBIMI GAaKTOPAMH, HIBECTHBIMH HAH J€rKo onpeje-
AREMBIMIE €CAH TAKHe CBR3N OTCYTCTBYIOT, CTPOHTCA PYHKUHA PacC-
npeteaeniig MMT;

~ YTONHRIOTCA FPAHNIIL DANOHOB HAH Y4Y44CTKOB, B npejeaax Ko-
TOPHX 3TH YPABHEHUs MAM QYHKUHII pacrnipellefeHns IMelT cuay,
ji B cayyae HEoOXOAHMOCTH NPOBOAATCH 10NOAHHTEAbHBE paboTul

B peaysbTaTe KOAMYECTBO 1aHHLIX, HEOOXOAHMBIX MpH MOCTPOE-
wiin Kapt MMT 3an1anHoro Macwtaba 1as KOHKPETHOro pernola,
MOAKHO COKPATHTD [10 YHCAd, T0CTATOYHOTO AR YCTAHOBARHNS NCKO-
MBLIX 3ABHCHMOCTEN, T. ¢. B€CbMA CYUIEeCTBEHHO.

M. K. Gavrilova
(USSR, Yakutsk)

THERMAL REGIME OF YAKUTIA LANDSCAPES

Yakutia is one of the regions on the globe with the most rigo-
rous climate. It suffices to say that the “pole of cold” of the
northern hemisphere is located here. The vast extension of the
territory causes somewhat different general climatic as well as
heat balance characteristics from region to region. In extraordi-
nary multifarious natural conditions (forest, reservoirs, glaciers,
icings etc.) peculiar microclimates are developed and they are
not enough investigated

Thermal regime of open areas of land. (n Yakutia a warm or
seasonal thawing period or the period with constant positive
daily air temperatures lasts 225 months in arctic part and in
highland of the North-East and 5 -55 months in central and
southern regions. The amount ol positive air temperatures over
this period makes up 400° in arctic tundra and 1600 in Central
Yakutia,

The total radiation during the season amounts to 35 kcal/cm?
in Arctic up to 70 keal/em? in the Far South. Radiation balance
ranges from 15—16 hcal/em? in arctic and highland regions to
33 keal in Central and South Yakutia. Heat flow to the soil
forms 2 kecal/em? on arctic islands and in highland and 4 kcal/cm?
in central and southern regions

On the territory of Yakutia the depth ol seasonal thawing
varies from 0,5 m in Arctic to 4,5 m in the south.

A cold or the seasonal freezing period or the period with
constant negative air temperatures lasts 9.5—10 months in Arctic
and 6—~7 months in southern and central regions

The severity of temperature conditions in winter changes in
Yakvtia not from the south to the narth as in summer but from
the south-west to the north-east. The largest amount of negative
temperatures (7000°) is in the intermontane depressions of the
north-east. It is somewhat below in the arctic and Central Yaku
tia (5000—6000°) whereas in the south of Yakutia 1t varies from
3500 to 4500° C.

During the season the total radiation ranges between
40 keal/em? in the arctic islands and 30 kcal/cm? in the southern
regions, The exceeding of the radiation occurs due to extended
spring. But 75 80% of heat is lost by the reflection from <now
and ice. Radiation balance changes from 4 hcal/em? in the
north o zero in the south. The heat toss by sail-ground is Trom
2 keal in the northern regions to 4 hcal in the central and
southern ones

In winter soil-ground is the coldest in the intermontane d¢
pressions of the north-cast and Central Yakutia They are warmer
in the arctic Yakutia and the warmest ones are in the south west
of the territory

Thermal regime of the forest. The forests predominate in the
Yahkutia landscape. Except tundra they cover about 807 ol the
territory. The forest reduces the total heat and mo'sture exchange
In the north of Yakutia ', of radiation arrives under the trees
while in the Central Yakutia it makes up half and in the southern
part i, of the radiation. In summer the forest cools the soil
ground and in winter warms it. Because of the predominance ol
winter conditions in Yakutia the forests have mainly warming
influence here

Thermal regime of the basins. In Yakutia by places the lakes
occupy 10-30% of the territory. During the warm period radia
tion balance of the lake surface is about 30% high than that of
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the land. But due to considerable heat loss in the evaporation and
healing of air and water the heat flow to the basin's bottom is
negligible, especially for the big lakes But in winter the basin
protects ground from cooling. As a result ground is warmer
under the basins. There are through taliks (an unfrozen zone)
under the big lakes and rivers against the background of conti
nuous permalrost.

Thermal regime of glaciers. Glaciers are mainly spread in the
mountains of the North-East. In summer they absorb a large
amount of heat for melting. In winter they are good protection
for ground. Despite the most severe climafic conditions in these
regions permafrost is relatively warm in the upper layer under
glaciers.

Thermal regime of icings. Icings are spread in the North-East,
Southern and Central Yakutia. In contrast to glaciers they are
“warmer” as they give off heat on water freezing. During sum-
mer they usually completely melt. In winter the icings not only
protect soil-ground from cooling but also make them warmer.
In the carly summer before melting icings slightly prevent the
ground from warming up On the whole soil-ground at the wcing
sites are warmer. Through or above permairost taliks exist by
places. :

Peculiar equivalent heat balance regime formed under natural
conditions in cach locality. Its disturbance results in changing of
thermal and moisture regime of specific sites. This fact should
be taken into account in the development of northern territories
where nature is very sensitive to changes. For instance cutting
down of the forest leads to ground freezing but surface cover
disturbance sharply increases permafrost table and this causes
soil swamping

Heat protective and warming effects of water basins, icings
and ete. by proper water regulation may be used for the purpose
of heat amelioration of lands.

M. K. laspunosa
(CCCP, SkyTek)

TENJOBORA PEXXHM JIAHAWAS®TOB AKYTHH

SIKYTHH — OZ1Ha M3 CaMBIX CYPOBBIX O0J1acTeil 3eMHOro wapa,
3/1€Ch HAXOAMTCH «N0JI0C X0101a» CeBepHOro noaymapusi. Boabuas
NPOTAKEHHOCTL € O06VCJAOBIHBACT HECKOJAbKO PA3JHUYHbIE Kak 06-
UlHe KAMMATHYeCKHe XapaKTEePHCTHKHM, TaK H XapaKTePHCTHKH Ter-
a0Boro Ganranca pas3jnyHbIX JaHAWA(TOB, rj1e HMEKTCH CBOH MH-
KPOKAMMATh (J1ec, BOTOEMBb, J€IHHKI, HaJedd H T. 1.), KoTopble
H3YYEHH ellle MaJlo.

Tennosoit pexum oTKpuTHIX npocTpancTs cyurn. Tenawit nepuoa
B SIKyTHH (MAH NEPHOL CCIOHHOTO MPOTAUBAHHSA, HAH MEPHOA C YCTOI-
YIBLIMK  TOJOKHTEAbHWMHI CYTOUHBIMH TeMNepaTypaMi BO3LyXa)
AauTCs o1 2—2.5 Mecsaues B apKTHYECKON 4acTiH 10 5--5,5 mecses
B UEHTPAJILHLIX it I0KHBIX YacTax. CyMMa NOJOKHTEAbHBIX TeMrie-
paTyp Bo3ayxa 3a 3T0 Bpems cocrasaser ot 400° B apKruueckoit
Tynape a0 1600° B nentpaasuon yacti Akyrun

CymMapras paawauns 3a ce3on cocrasager or 35 kkana/cm?
B APKTHYECKOMA yacTH 10 70 KKaa/cm? Ha KpaiHeMm lore; pajinallHoH-
HuA Gananc — ot 15—16 Kkaa/cm? B apKTHYECKIIX H BLICOKOTOPHBIX
pafonax 10 33 KKaa/cM? B HEHTPAJILHON M IOKHON YacTax AKyTHu;
TeNAOBOA NOTOK B MOYBY — OT 2 KKaa/cM? HA apKTHUECKHX OCTPOBAX
H B BBICOKOropbe 10 4 KKaa/cM? B [eHTPAILHBIX H I0KHLX Paitonax.
Fay6una ce30HHOro NpoTanBannsg WIMEHACTCH NO Tepputopin Sky-
T o1 0.5 M B ApKTHKE 10 4,5 M Ha ore

XOJ0AHBIT MEpHOA (HAK NEepPHOL CEIONHOTO MPOMEPIAHHS, HAK
NEPHOA € YCTORUMBBIMH OTPHIATEILHLIMH TEMIEPaTYPaMIl BO31yXa)
aantes ot 9,5—10 mecaues 8 Apktike 10 67 Mecsiles B IOKHLIX
W UeHTpaabHbix pafionax. CypoBocTb TeMOCPATYPHBIX YCJAOBHIT 11~
MOt HaMensietcst B SIKYTHI Je ¢ 10ra Ha cesep, Kak JeToMm, a ¢ j0ro-
3anajga ma cesepo-poctok. Camas GoJbIAS CYMMa OTPHUATEABHLIX
remnepatyp (7000°) B MEKropHHX KOTJOBHHAX CEBEPO-BOCTONHOMN
HACTH, B APKTHUECKON 1 LEHTPAABLHON HacTaX STKYyTII Ond HECKOALKO
smensiie  (5000—-6000°), a mna jore oma cocrasaser 3500
4500°.

Cymmapuan paanauus 3a ceson cocrapasier or 40 kkan/cm? na
apKkTHYecknx octpoBax 10 30 Kkaa/cm? B oxubix paitonax. Ilpenwi-
wenne paananny B ApPKTHKE ABAACTCH PeIYALTATOM [POOJIKH
reannon pecnn. Ho 75--80%, tenaa tepsercs oTpaXeHnem ot cHera
# abaa. Patnaunonnsdt 6ananc B cepepHoi wacti pasen 4 kkaa/em?,
B IOKHON wacTh — nyaesok. Pacxoa 1enia nouso-rpyHtamu cocran-
ARET OT 2 KK B CEBEPHLX Paflonax 10 4 KKad B UCHTPAJALABIN 1t
oxHbix. Hanboaee xo01ubie noMBo-rpynTe JHMOR B MEKTOPHBIX
KOTJAOBHHAX CEBEPO-BOCTOUNON i HEeHTpanLHol wactax HKyTinn.
B apkruueckoft wactu Skyrum omm tenace Haufoaee renave —
B 1010-3anaanof vactu Akyrun
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Tenaogod pexum seca. Jleca B SIKyTHu cocrasanor npeo6aa-
Aaouud tin aanawadra. Jlec ocaabaser o6wuf Tenao- u Baaroo6-
men. [Tox nonor neca B cesepHOA wacTH FAKYTHH nocrtynaer npu-
MepHO /4, B UEHTPaJbLHOR yacTH SAKYTHH — /3, 8 B WKHOA wacTH
SAkyTHH — anwib '/y paaunaimn. Jlec OKA3LIBAET JETOM OXJaMLAK
ulee BAHAHHE HA NMOYBO-TPYHTH, a 3UMOfi — otenasiomee. [Tockoabky
B SIKYTHH npeo6.1anaer 3JHMHHA PEXHM, TO B LLEJOM Jeca 31eCh OKa-
3LBAIOT OTENJR0LLee BAHAHNKE,

Tenaosod pemum 60doemos. B Hexotopwix pafionax HAKyTHH
o3zepa 3auumar 10—30% naowaau. Paanaunonnnh Gaaawc no-
BEPXHOCTH O3epa B TenanA nepuoa npumepso Ha 30% Buie panua-
unoHHoro Gananca okpyxawiued cywn. Oanako scaeactsue 601b-
WOM 3aTPaThl TeNJa Ha MCNAapeHHe W NPOrPeBaHHe BOIIYXA H BOAM,
TeNN0BOA NOTOK B IHO BOJOEMA, 0COBEHHO AAR 6OALLIHX 03ep, He-
anauntesed. OnHAKO B 3HMHee BPEMA BOAOEM 3aLLHILAET TPyiTul
OT BhXONaxHBaHHA. B pe3yabrate noa Bonoemamu ipyHTh Tenaee,
a4 N0 KPYNHBIMH O3€pPaMH 1 PEKaMH Ha GQOHE CHAOWHOA €BEYHOR
MEP3A0TH » CYULECTBYIOT CKBO3HBE TaAUKIl

Tenaosou pexwum Aednuxos. JIeAHWKH PacnpoCTpaHeHbl, raas-
HuiM 06pa3oM, B ropax Cesepo-BOCTOMHOM wactw. Jletom omu no-
rJI0WanT 6oJbloe KOJIHYECTBO Tenaa Ha TasHWe. 3HMOi OHit SiB-
JSIOTCH XOPOoUWeR 3aulhTol 248 ropubix nopoa Hecwmorps wa nam-
60jee CypoBbie  KJIHMATHYECKHe YCJOBMA B 3THX pailonax, noi
JCTHHKEMYE BEYHAR MEP3JIOTd B BEPXHEM CJ0€ HMEeeT OTHOCHTEILHO
BLICOKYIO TeMnepatypy

Tenaosod pexum Hareded. Hanean pacnpocTpanens B ceBepo-
BOCTOMHOM, KKHON H LEHTPaJbHORH wacTax Slkytuu. B oraumume or
ACAHHKOB OHH 60Jee «TeMbles, TAK KaK BBULEJAIOT Tenao npu sa-
Mep3adig BOAbL, 3a A€T0 OHit OOBIMHO MOJHOCTLIO OTTansaor -
MOIl Haneal HC TOJALKO 3aULIILAIOT OT BBIXOJAKMBAHIA [0YBO-
FPYHTL, HO # OTENAAIOT HX. B HEJA0M NOYBO-TPYHTH Ha HAJEIHLIX
YHacTkax Hoace TeMNAble, 4 MECTAMII HMEIOT MCCTO CKBO3HBLIC HIH
HAAMCP3AOTHBIC TA MK,

B ecrectsennpix yea0BHAX B KaKIOM HI MECTONOJOKCHHMI €0~
KHACSH CBOM PABHUBECHBIA PekuM Tenaoporo Ganauca. Hapywenne
€ro NPHBOANT K HAPYWEHHI0 PeXHMa Tenaa u BIari OTIeabHbIX
YHACTKOB. 3T0 HEOOX0IHMO YUHTLIBATL NPH OCBOEHHH CEBEPHBLIX Tep-
PMTOPHH, rAe NPHPOdA OYEHb YYBCTBHTEILHA KO BCHAKHM JiMeHe-
HitaM. Tak, BupyOKka Jeca ¢noco6CTBYET NPOMEPIAHHIO TPYHTOB, HO
HapyleHHe HAanoyseHHoro Nnokposa MNpHBOINT K p(‘il\'(\\‘l)' nosule-
HIIO BE€DXHEro VPOBHSI MEP3JI0THI, 4TO NpHBOANT K 3360124 BAHIO.

Tenaozammthpit 1 orenasouin 3hdekt BOIOCMOB, Haiered u
AP, UPH COOTBETCTRYIOILEM PEryanpoBaHiy BO1, MOKET ObiThb HC-
NOJALIOBAH LA TENI0BOH MCaHOpatH rPYHTOB.

B. A. Yurtsev, A. I. Tolmachov, O. V. Rebristaya
(USSR, Leningrad)

SECTORAL DIFFERENTIATION
OF THE ARCTIC FLORA (AF)

1. One of the most vulnerable components of the arctic nature
is flora. The strategy of preservation of the AF gene pool should
be based on floristic subdivision of the Arctic (A)

2. The rise of the modern arctic landscapes, having resulted
from the formation of the permanent sea-ice cover, dry and const
antly cold airmasses, and permalrost, was a globe-scale e
of Late Pliocene, that brought about the present zonation of th
N hemisphere. Combined with the neotectonic orogenesis, 1l
much extended the arcas of alpine floras in the N hemisphere
and thus Tavoured the consolidation of cryophyte complexes: the
coming in contact of more southerly alpine floras previously
separated, the joining of the northern ones to the general system
of cryophytic flora exchange via A, the “empire” of cryophytes
Vast alpine areas in the northern taiga zone, dominated by tundra
cryophytes, are, in fact, the prolongations of A They are the only
areas beyond A. itself, where are known scattered relic localities
of spp. or even genera practically endemic to A (e g. Draba
subcapitata, D. macrocarpa, the both spp. of Phippsia, Poa ab
breviata). Due to peculiarity of its flora traced over huge areas
A. deserves the rank of a tloristic region, which is accepted by
the most of authors

Diagnostic features of the arctic floristic region (AFR) are
1. The endemism: not to consider the taxa scarcely penetrating
into A, ca 1000 spp of vascular plants are native of it, more
than '/io of which being endemic, the endemic or subendemic
genera are Dupontia, Phippsia, Pleuropogon s str, Arctophila
and possibly some others; the endemic taxa of an above-species
level are found in Poa. Puccinellia, Papaver, Draba, Cerastium,
Gastrolychnis, Taraxacum, and many other genera; many of the
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arctic endemics are thriving, ubiquitous elements of AF. 2 The
reculiar taxonomical structure of AF which is characterized by
he absence, or decrease in importance (if compared with more
southerly floras), of many phyletic lineages and, resp. the in-
crease of the share of the most tolerant lineages, the distinctions
from boreal floras are minimal in the southern hypoarctic tundra
subzone, growing pro%ressuvel) poleward; one can mention the
prevalence (in the high A ) of bryophytes and lichens over vas-
cular plants by the number of spp., and the lack of gymnosperms
The distinctions of AF from boreal floras are also determined by
the eco-physiological and constitutional features of arctic plants,
different vectors of evolution, the peculiarities in speciation and
floro-genesis 3 We do not reier to AFR proper the trecless, and
mostly laching permafrost, areas with an occanmic chmate in the

Atlantic sector (SW, S and SE Greenland, lceland, Facroes, north

ernmost Fenno-Scandia) and the Pacific secter (the  Alaska
Pemns . the Aleutian and Commander Isls, the northern and
middle Kuril Isls; the Anadyr-Penzhina province of stlaniks, i ¢

large hemi-prostrate shrubs), whose floras are  dominated by
oceanic and suboceanic spp alien to A proper. boreal, hypoarctic

and hypoarctic-alpine. The question is whether it s correct to
include the above territories into AFR as 2 subregions the North
Atlantic and North Pacific 4 We distinguish within AFR proper
6 provinces (mapped in Yurtsev. Problems of phytogeography ol

NE Asia, 1974, Leningrad, “Nauka™ fig 31) 1 The East Sibe
rian, with 4 subprov. Taimyr (incl North Land), Anabar
Olenek Kharaulakh, Yana Kolyma, Il The Chukotka, with the

Continental Chukotka and Beringian Chukotka subprovinces, and
the Amguema transitional circuit (the lower reaches of the Ana
dyr R along with the northernmost Korvak Coast can be con
sidered as the 3-rd, South Chukotka subprov.), I11. The Alaskan,
with 2 subprov - Beringian Alaska and North Alaska (the NW
Alaska circuit, incl the western spurs of the Brooks Range, is the
counter-part of the Amguema transit, circuit); 1V, The Canada-
Greenland, with 5 subprov. - Central Canadian (incl. SW portion
of the Archipelago), West Hudsonian (incl. NW and central
parts of the Baffin L.), Ellesmere -North Greenland, West Green-
land, and East Greenland; V. The Baffin — Labrador: VI. The
European—West Siberian, with 4 subprov. - Kanin Pechora,
Ural Novaya Zemlya. Yamal -Gydan, Svalbard (incl. Frans

The Yan-Mayen [, on one hand, the northern islands of the
Bering Sea (Diomede Isls, St Lawrence 1, St Matthew 1), on

! the other, with their depauperate oceanic floras, are treated as

1 2 autonomous circuits. Thus, we follow the longitudinal-sectoral
tprinciple of division, accentuating the historical features of dif
Herent parts of AFR, the influence of regional factors (topography,
ilithology, etc) as well as the degree of continentality. (The lati-
tudinal differentiation of the A. plant cover is shown on a special
scheme of phytogeographic subzones of the tundra zone, complied
by the authors) An analytic list of spp. and races has been
tomplied for every province and subprovinee, that includes: 1) the

ndemics and subendemics of the given phytochorion; 2) the other
SII(L'N'IIllﬂl spp. entering it from S or having here a separate
phragment of the range, 3) the west and east co-differential spp
which are in the given phytochorion at either the east, or the
west limit of distribution and thus overlap only here, 4) the ne
gative-differential and negative-codifferential spp. lacking in the
phytochorion but being present in the both neighbouring ones or
oily in one of the two

i Since a floristic peculiarity of different sectors manifests it-
sedf in dissimilar ways, one needs the complex estimation of the
petuliarity according to several criteria, which suggests “weigh
mé" different floristic distinctions. Sectoral endemism is well
represented but in the 11 and 111 provinces forming the Beringian
\1'({0!’ More universal criteria are the selective northward pene
tration of boreal and alpine spp into different sectors of A as
well as the ratio between continental and oceanic elements. The
mogt homogeneous units in our scheme are subprovinces (18),
whereas the provinces (except the V) are natural assemblages of
subpirovinces groupped according to their maximum flonistic si
milarity by the above criteria. Our scheme is the Ist detailed
floristic subdivision of the whole A, provided with a minute cha
ractérisation of every phytochorion. 5 The floristic integrity of
AFR is determined by the great share in AF of circumpolar
plants (*/s up to more than */; oi the spp. of a local flora, the
ratioincreasing poleward) along with the wide distribution of
continental plants in A The floras of continental sectors nearly
lackigg the oceamc elements are separated i the vicimties ol
Hrnn‘g Strait only by “mixed” (continental oceanic) floras of
the Chukchi and Seward Peninsulas and by a very narrow
“oceanic wedge” of insular floras, the continental floras ol Asia
and North America conjugated more than once during Pleisto
cene i the times that the Beringian sheli wa< exposed In the
Atlantic bordering parts of A, the sector of “mixed” floras is
much wider, especially in lower latitudes
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The distribution of continental elements in A. was nearly
continuous during the global marine re| n in Late Pleisto-
cene, and probably also in Late Pliocene-Early Pleistocene, i e
during the very time of the establishment of the modern arctic
landscapes; one can assume that the permanent sea-ice cover
has formed earlier in the Amerasian sub-basin of the Arctic
(Polar) basin, than in the Euramerican one, and since that time
has been keeping more stable.

The distribution of oceanic elements expanded during sea
transgressions (incl. the Holocene transgr.) and could have been
continuous in Pliocene, i. e. before the establishment of the per-
manent sea-ice cover in A The persistence (since the Late
Pleistocene?) of the set of steppe plants in the Wrangel 1. and the
SW islands of the Canadian Archipelago does not fit the hypo-
thesis of the complete disappearance of sea-ice in A. during warm
phases of Holocene, and suggests the preservation of the ice
cover at least in the Amerasian sub-basin. The Atlantic sector
and partially, the Beringian were influenced by glaciations and
marine transgressions to a greater extent, than the continerital
sectors; while getting free of ice or sca, the territories with a
transitional climate were being populated from vast continental
refuges and more southerly (less extensive) oceanic ones

B. A. Opyes, A. H. Toamaxes, O. B. Pebpucran
(CCCP, Jleuunrpaa)

CEKTOPAJIbHASl AH®®EPEHUHALHSA
APKTHYECKOR #JIOPbI

1. B unca0 HanGonee ys3BHMBIX KOMIOHEHTOB MPHPOAHLIX KOM-
naexcos ApkTHkH (A) BXoAHT H ee ¢aopa. [Tpu BwpaboTke cTpa-
TerHH OXpaHbl reHodoHna apKkTHueckoH ¢aopu (AD) Heob6xo1HMO
PYKOBO/JCTBOBATbCA (PAOPHCTHYECKHM palOHHPOBaHHEM

2. BO3HMKHOBeHHe B KOHUE MNJHOLeHA apKTHYECKHX JaHiuwad-
TOB COBPEMEHHOTO THNA (KaK cAelcTBHE 06Pa30BaHHA MOCTOAHHOIO
aeasnoro nokpoba Cesepnoro Jlenosutoro okeana (CJ10), o6-
JAaCTH CYXOr0 apKTHYECKOrO BO31yXa, BEYHOH MEp3J0Thl) HBH.10CH
OHHM H3 rJ06aabHBIX Najeoreorpaduuecknx cOOLITHH, BHI3BaBLINX
K XKH3HH COBPEMEHHYK) KOHTPACTHYK 30HAJAbHOCTH 3eMaH. Bwmecre
C HEOTEKTOHHYECKHM ropoo6pa3oBAHHEM 3TO HAMHOrO PacWHpH.IO
apeanbl BbLICOKOTOPHBX (AOP B CEBCPHOM BHETPOMHUECKOM Mosice,
CNoco6CTBOBAIO KOHCOAHAAUHH KPHODHTHBIX KOMILIEKCOB: yCTa-
HOBJEHHIO KOHTAaKTa MeX1y pa3o6uieHHbiMH npexie ¢aopavi
MHOIHX IOXKHBIX BBICOKOTOPHA, MOAKAIOYEHHIO CEBEPHBIX BBICOKOI(
puit EBpasun u Amepukn K oO6wei cucteMe GAOPHCTHUECKOTO
of6wena uepes A — «UapcTBO KPHOQHTOB». OBLIHPHBIE BHICOKOTOD L5
CEBEPHOR YACTH TACKHON 30HB (C TOCNOJACTBOM TYHAPOBBIX KPHO-
GHTHBIX KOMIJICKCOB) SBARIOTCH Kak Obl npojoakenneMm A, ofipa
3V BMCCTC € HeH HenpepuiBHYW0O 06aacth  KPpHOGHTHBIX  d.iop
TOALKO B 5THX BHICOKOTOPLAX WIBECTHB PEAHKTOBBE MECTOHAXO M-
JeHHA BHIOB M JlaXe POLOB, B OCTAABHOM 3SHAEMHYHBIX 118 A
(nwanp., Draba subcapitata, D. macrocarpa, o6a Buia Phippsiu
Poa, abbreviata). 110 cBOCOOPA3HIO PAOPHI, BHAEPKAHHOMY 17
OFPOMHOM NPOCTPAHCTBE, A BNOJHE 3aCaAysHBaeT panra (G.IopucTi
HCCKO# 061aCTH, 4TO MPHHUMACTCH 6OALUIHHCTBOM ABTOPOB.

JlnarHocTHueckne NPHIHAKH apPKTHYCCKOR paopucTHieckon of
aacth (AO): 1) IHACMHIM: €CAH HCKAOYHTL BRI, €1BA 3aX0 18
wie B A, 6oratctho A® MOXKHO OuenuTs undpoi 1000 mu1os, 113
KOTOPBIX CBHIlIe /g 3HACMHUHBL M O4CHB MHOTHE CY641TeMuY 1L
IHAEMHYHBIE W NONTH  SHIAEMHUHBE poaw — Dupontia, Phippsia
Pleurcpogon s str., Arctophila, BOIMOKHO W DS APYTHX. 31 1e
MHSHBIe W CyBsnaeMnunbe TPYNNH BHAOB H3IBECTHHM B pp. Poa,
Puccinellia, Papaver, Draba, Cerastium, Gastrolychnis, Taraxacum
H 1P, MHOTHE IHACMHKH A — Npousetalomufi, noBceMecTHRI 3.1
MeHT ee GA0pH; 2) cBOCOBDA 1HE CHCTEMATHUECKOR CTPYRTYPH daopi
ONpeeasIoUeecs BLINALCHHEM HAH  YMEHBIWICHHEM  POTH  MHOTHY
KPYNHBIX QHAYMOB H COOTBETCTBYIOULHM YBEAHUEHHEM 10AW Hanbo-
Aee TOACPANTHRX rpynn B KoMnoInmn Ad. Oramuns ot Gopea s
HBIX GJIOP MHHHMAJLHEL B N0J0CE 0KHNY THNOAPKTHUCCKNY TV 1D
H PEIKO YCHAHBAWTCR K ceepy. JIOCTATOUHO OTMCTHTH BIUIBIKCHIEC

Ha NEPBHE MECTa NO MHCAY BIAOB MXOB M JAHWARHMKOB, BLna-
aenne rorocemennbx. CamobuTHOCTE AD oTHOCHTEALHO BOpeain-
HEX GAOP ONPEREARETCR TAKKE IKOJOTO-PUIHONOTHUECKHM | woH
CTHTYLLHOHHBIM CBOCOBPAINEM APKTHUCCKHX PACTeHHRA, CROCOOpasHeM
BEKTOPOB 3BONIOUHK, OCOBECHHOCTAMMN BHA0OOPAIOBANKA W aopo-
renesa.

3 Mut ne otnocum Kk cobersenno AO
HACTHIO HEMEPINOTHHME TEPPHTOPHH C

Goavuien
KanMaTom

Gesaecnme,
OKEAHNUYECKHM
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B ATaanTHueckoM ceKTOpe (10ro-3anaiHOR, KKHOA M 1070-BOCTOY-
woh [penaanaun, Hcaanaun, Qapepckux 0-308, cesepa eunockan-
aun) n Tuxookeanckom (n-os Aascka, Aaeytckue o-sa, Komanaop-
CKHE O-BA, CeBepHas M cpeanan vacTe Kypuanckux o-mom; awaiup-
CKO-MEHXHHCKAN NPOBHHUHA XBOAHMX CTJaHHKOB), rie Bo aope
JOMHHHDYIOT YyMAMe THNHYHOA A OxeawMmueckie H cyBoKeaHHue-
CKHE KOMNAeXCHW — BopeanbHbie, THNOAPKTHYECKHE W [HNOAPKTO-
aabnufckue. Caeayer HiyunTh BONPOC O BKAKHEHHH ITHX Tepgmo-
puft 8 AO na npasax nozo6aacred: Cesepoataantnueckofi n Ceme-
PONPHTHXOOKEAHCKOA.

4. B npenearax cobctperno AO M BWAEJNEM WECTL NPOBHH-
ukf: 1. Bocrousocubupckyrw ¢ noanposurudamn  TafiMbpckof
(exawyan Cesepuyio 3emaw), AwaBapo-Onenexckofi, Xapayarax-
ckoft, fino-Koammckof; Il - YykoTckyio ¢ noanposuHumsmu. Kow-
THHeHTaabHO-YUyKoTckoR u Bepunrificko Uykorcxkoft u [Mpuamrysm-
CKHM NEPeXOIHWM OKPYroM (HKIOBLS AwaiwWps H CEBEPHAR 4aCTb
KopAKCKOro nofepembs MOKNO BHACAHTL B TPETHLIO KHOUYKOT-
CKYI0 noanpoBHHUMIO ), [l — AJNSCKHMMCKYIO € NOANPOBHHUHAMM
Bepuuruficko-Aasckuuckof 1 CeBepoatnckuHCKOR (OKpYr cepepo-
3anajiMOR AJRCKM, BKMOuAs 3anainwe oTporw xpefira Bpykca —
ananor [Mpuamrysmckoro nepexoaworo oxpyra), I\ — Kawaacko-
Ipenaanackywo ¢ noanpouniuusmu Llenrpaasuoranaicor (sra0
4am 10TO-3ANANHYI0  4ACTh  apXMneaara), 3anaiHoryasoHcKof
(BKAIOYAR CEBEPO-3ANANKYIO I LEHTPaILHyK wactH Badduuosolt
3eman), Iacmup CeBeporpenaanackoR, 3anaimorpenaanickol
Bocrounorpennanackoi. V - Baddpuno-Jlabpanopekyw VI Ep
poneficko-3anaanocubupekyo ¢ noanposrnumsmy Kanano [lewog
cxoft, Ypaao-Hososemeavckon, Amano lwaianckoh CaainBapia
(sxawyan 3emaw Qpanua Hocuda) o Hu Makew ¢ oawol cro
OHBW, CePepPHYI0 4acTh o-BoB bBepuwrona mops (droMuaosw wan

(pysenmrepra, C» Jlaspewtusn: Cp Martees), ¢ apyrof. ¢ nux
OBCIHEHHBIMM  OKEANNYECKHM M PAOPAMY. BHACARIOTCH 1Ba aBTO
HOMHBIX OKpyra wa craike IV w VI 1w 1 nposmsumn

Takuwm ofpasoM, M caeayem 104 CKTOPAILHOMY NPHH
UHNY ACACHHA, NOAYEPKHBAIOULEW Boeolpasne nerooun Gaopu
pasunx vacren AO, panswne wa PAOPY MECTHENX NPH] IHBWX YCAO-
BHA (P?Jbﬂt‘, AUTONOT UK H AP ) W CTENEHE KONTHHEHTAILNOCTH
KauMmara “UMpuYusu mQu pesunauns ¢ P ¥ PACTHTEALHOCTH
A oTpaxeHna namu B cxeme BOTaNNK I PAPHIUCCKHY NOLI0H TYHA
poBoit 3omu. [1an Kamaoh nposunine POBHMLLE COCTABACH
AHAJHTHYECKHA COMCOK BH 108 o pa B KOTODWH BRJIIOYEHN S IHAC

MHKH M CYBOIHIAEMHKH  1aknoi DHUTOXOpUM npoune anpd. penim
anbHbie BHAW (BROOPOUHO 3axO AlllNe B Hee © J0ra HAH HMellne
3nech 0BocoBaennnfi doarMent Apeata)  IANATHME W BOCTOUMBIC
KONHPPEPeHUMAAbHBE BHIW (HAXOIATCR B 1aWHOR QUTOXOPHH, CO
OTBETCTBEHHO Yy CHOEro BOCTOMHOIO WA 3ANATHONO npegeas W
TOABKO B HeAl BCTPEUAKTCH COBMECTHO), HeraTHBHo Auddepeniin-
aJbHble W HEeraTHBHO-KOAMQQepeHUMAABHBE BHAW  (OTCYTCTBY 10
mHe B 1aHHOR QHTOXOPHH, MO NPHCYTCTBYIOUINE B OOEHX COCETHUX,
an6o B oaodt M3 aByx). Bemayv roro, 4to Quaopuctrueckoe csoeoh
pasne OYeHb HECXOAHO NPOABJARETCH B PAIHBIX TOATOTHBIX NOAPA3-
AeneHUsX A, HEOBXOAMMA KOMILICKCHAN OUEHKA €10 NO PAIAHUHLMN
NOKa3aTeAsM, CO BIRCIINBAHMEM NDHIHAKOR

CeKTOpaabHBIA 3MAeMHIM XOpOIWO npeactasies amus 8 11 o
HT nposununax (Bepuurnfickui cextop A). Boaee yuusepcaas
HBIMH  KPHTEPHAMM ABASIOTCH  BLIOOPOUHOE  3aXOXKACHHE ¢ K14
B pa3Hne CeKTOPH GOpeanbHBix ¥ APKTO-AabNHACKUX BHIOR 1 3
MEHEHHE COOTHOILLEHHA KOHTHHEHTAJALHBIX W OKCAHMYCCKHX (hu.n.-
weh vactbio Koaupdepenunasvunx) Buios. Hauboree daopucrn
YECKH UEABHLIMK €THHHILAMH B HalleR cXeMe ABJARIO(CH NOANPOBitH
unn (18), nposununn ke (kpome V) npeactaBasnior o6 neisnen i

NOANPOBHHIIHA no MPHHIHITY MAKCHMAIBHOTO CXOnCTHA
Hawa cxema — neppuit  2e1aibsbil  0poekT  GAOPHCTHUCC KOO
pazgeneHns Beed A, cuaGmenunit nOAPOOGHON  XAPAKTEPHCTHKOMN
BhI1EAOB

AO

2
CYACALHWM BECOM® B Helt  UHDKYMNOARDHLX  BHAOB (0T &

5 Eauncrso daopu ONpPeAeIRETCA HE TOABKO BHICOKHM

Ao

4
cBuie 5 COCTaBA NOKAJALHBIX (b.'l‘)[). € NOBLIUICHHEM 1OJH B HA-

NPaBACHUH C 10Td HA CEBEP), HO M WHPOKHM PACOPOCTPAHEHHCM
KOHTHHENTAABHLIX sAeMeHToB. DA0pH KOHTHHENTAABHBLIX CEKTOPOS
AO, NONTH AMIWIEHHBIE OKCAHHYCCKHX 3aeMenTon, B o6aacth Bepun-
rOBa NPOAMBA PAIACACHL JHIIL «CMCIAHHBIMHEY (KOHTHHEHTAbIO-
okeaunieckumu) daopavu n-osos Yykorckoro u Ceoapa, a rakxe
OUEHb YIKHM €OKEaHHUCCKHM KANHOM® OCTPOBHBIX 0P, B neproinl
OCYWIEHHA NPOJAMBA KoHTHHeHTanpnule daopu Asmn w Amepiki
coeaunsance. B npuaraantwucckon vactu A cektop ecMmetaniibixs
$aop namuoro wupe, ocobenno B Go.1ee WIHKHX WHPOTAX

«06pA3OBEHHA nOCTOSMNOrO Aeacsoro moxposa CJIO. Coxpanewms
¢ nosanero naefcrouena KoMniexca crenmms pscvewnf na o. Bpan-
reAn M 10ro-sanaauux o-sax Kamaacxoro spxwneAasrs me corascy-
eTCH ¢ rHnoTesoft o noAxoM cransannn Avaos CJ10 » renaywo snoxy
rosouena. Ovesnano, Aeasnol NOKPos coxpamsscs xoTs Ou » Ame-
pasufickom cy6Baccefine. [Ipnarasmrameckme n oTacTi npuGepen-
rufickue pafons HcnMTaax Goasmes posaefictame onezewennt u
MOPCKHX TpPaHcrpeccHAl, HeXeAN KONTHNENTSAbNME CeXTOpM A.
‘Ocso6omaapmnecs Tepp! C MepexOANMM KAMMATOM 38CeAN-
JHCh M3 OOWHPHLX KOHTHHERTANbHMX M Sosee WXHMX (MeHee mpo-
TAKEHHNX) OKEAHHYECKHX pedyrnHyMos.

K. F. Voitkovsky, R. M. Kamensky
(USSR, Moscow and Yakutsk)

CONDITIONS AND PECULIARITIES
OF CONSTRUCTIONS PROJECTS
IN THE PERMAFROST AREAS

Development of permafrost areas is connected with certain dif-
‘culties and extra expenses which are caused not only by remote-
ness from main industrial centres and bases of construction in-
dustry, by complex transport connections, little density of popu-
lation, and severe climate Frozen grounds (and ice) used as
loundation, surroundings or building materials possess specific
features resulting 1n another approach to research, design, cons-
truction and other kind of man’s activity in these regions

When designing, constructing and running units intended for
different purposes in permafrost areas, a following peculiarity
should be taken into account, i. e heat exchange between frozen
grounds and construction units as well as the Environment, for
physico-mechanical and building properties of the frozen grounds

ity with melt (freeze) and temperature variations in the nega-

tive range. This fact 1s accompanied by development of cryogen
processes which have a harmful impact on the stability of cons-
truction units

In the early 19th century, while constructing Zabaikalskaya
and Amurskaya railroads it was found that the methods used in
the Western regions of the country (on melted grounds) are not
applicable in permafrost areas, for construction units (buildings,
roads, bridges) in the course of short-term maintenance deform
and go to ruin. Therefore, conventional constructions and techni-
ques which proved to be success under usual conditions cannot be

sed in permafrost regions, moreover, mechanical transier of these
into permafrost areas results, as a rule, in disastrous effects

Engineering practice and the results of scientific studies al
lowed to develop not only general principles and tec hniques of
construction on frozen grounds, but to define concretely thesc
principles for different types and classes of construction units
as well as different type of work

At present, according to normative documents there are two
main principles oi using frozen grounds in the USSR: either in
frozen state or in melted state, the latter, as a rule, preliminary
melted to be adjustable. However there are no strict boundarics
between these. When choosing one principle or the other, regional
peculiarities of distribution and structure of permafrost layers
are taken into account. From this point of view, the following
regions are distinguished: 1) continuous propagation of low-tem
perature permalrost grounds (Yakutsk, Norilsk et al). 2) conti
nuous propagation of high-temperature permafrost grounds of low
depth (Mirny, Igarka) and 3) island or discontinuous propaga
tion of permafrost. For the first two types of grounds, the first
principle of construction is used, for the third type. both the first
and second principles may be used, depending on individual per
mafrost conditions of the site. The first principle does not onl
take into account actual conditions, but governs the propertic
of grounds in the broadest sense of the word, up t I
creation of frozen depths, let alone frozen ground cooling
to increase its durability and watertightness. The second |
ciple may, in certain cases, be the only one acceptable; this s
associated not only with individual properties of permair

Pacnpoctpanenue  KONTHHEHTAALHBIX WIEMEHTOB B A 6BA0  depths, but also with the type of a construction umit, its purp
MOYTH HENPEPHBHLIM B HEPHOA TAOGAILHON  PErpeccitn NOAAHCIO  ind technology of imdostrinl actiyitics
NACHCTOUEHA, A, BOIMOAHO, H B NOVIHEM [LIHOUCHE — paliHes e The first principle is most obvious when frozen ground
CTONEHE, T. €. B SNOXY CTAMOBIACHNA COBPEMCHHRBIX  APKTHUCCKIX ised as foundation for civil and industrial construction. Differ
AANAWAPTOB, MOKHO NPEANOAOKNTE, 4TO B AMepasuiickorm ¢y 1ypes of foundations cnsiring the preseryation of frozen state of
Gaccefine J1e10BWA NOKPOs yctawosuacs panbie, uem B EBpaMes  grounds at base have been developed  The simplest solution s
pHACKOM, 1 Gbia cTabuibiee. PacnpocTpanenne OKeanmaeckinx »1€-  grrived ot by climination of direct contact bhetween heated
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VONOUEHOBYIO) | HENPEpPHBHBM OHO MOF10 OMTL B DANOLCHEe A0 In case ch a cellar cannot be established (for construct
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other reasons) artificial cooling is used, cither along the boun
dary of building-ground surface or of the entire frozen ground
mass serving as a foundation

The above principles may relate to difierent Kinds of constri
tion. While laying engineering communications within a city re
gion, the principle of construction is governed, as a rule, by the
principle of using permafrost grounds as foundation of buildings
and other construction units. If civil and industrial construction
is carried out with frozen state of ground preserved, then a simi-
lar condition should be observed for engineering communications.
In case the construction is carried out according to the second
principle, such a strict interconditionality is not necessarily to be
observed. Different constructions and techniques have been deve-
loped for laying communications without disturbing frozen state
of grounds. The most effective method is laying engineering com-
munications of all kinds in two-layer communicating (ventilated
in the cold period of the year) channels.

When laying main pipelines (water pipeline, petroleum pipe-
line, gas pipeline etc.) the choice of a construction principle and
laying technique becomes complicated by the fact that the pipe-
line may intersect the regions of completely different geocryologic
conditions. However, the experience obtained shows that while
building linear constructions, measures should be taken to pre-
serve as far as possible not only thermal regime of permafrost
grounds but natural conditions as well. In case there is no way
to avoid disturbances, the latter should be brought to minimum,
taking into account a detailed prediction of thermal-mechanical
interaction of the pipeline and constructions above with perma-
frost grounds in the course of preliminary work, during construc
tion and subsequent maintenance

Planning and construction of high-ways in permafrost regions
1s carried out on the basis of dividing the area into districts and
using the above two principles of permafrost ground application.
When dividing the area into districts, the factors aifecting the
stability of road constructions are taken into account, which are
as follows: a character of permafrost ground propagation, its tem
perature, and type (both permafrost layers and those subject to
seasonal thawing). A construction principle and appropriate sub-
grade structure are chosen in dependence on the type of area and
degree of foundation ground settling

Hyvdrotechnical canstructions are also built according to the
above two principles. What complicates the matter here is en
surance of not only statical, but antifiltration stability of certain
construction units of a hydro-electric station. Low and medium-
pressure (up to 25 m) dams made of local construction materials
(earth made) are erected using both 1) a method when the frozen
state of foundation grounds is preserved and 2) when thawing
is permissible in the course of maintenance (depending on perma-
frost and enginee:ing-geological conditions and the degree of
ground settling) . Preference 1s given to the first principie. In this
case the body of a dam and its antifiltration element should also
be in frozen state. The latter is ensured either by 1) laver-to-layer
freezing of the earth dam or 2) freezing the dam upon its com-
pletion by natural cold from the lower slope, or 3) applying com
pulsory freezing systems. High-pressure rockiill dams are erected
on a solid rock foundation using the thawing version of construc
tion, maintenance of these dams is similar to that used under
ordinary conditions

The above mentioned principles of using permafrost grounds
are also applicable to special Kinds of work (mining, for instance)
which are not dealt with in this paper. The types of construction
discussed give an idea about specific features of construction on
frozen grounds

K. ®. Boirxoackui, P. M. Kamencxuil
(CCCP, Mockna, SAkyTCK)

YCAOBHA H OCOBEHHOCTH CTPOHTEJNIBCTBA
B OBJIACTH BEYHOA MEP3JI0THI

Ocpoenne 061aCTH PACTPOCTPAHEHIS BEUHON MEPITOTH CBAIAHO
€ ONPEACACHHBIMI TPYIHOCTAMH W AONOJHUTCABHBIMI JATPATAMI,
Kotophie 06YCAOBACHB HE TOALKO YAANCHHOCTRIO OT OCHOBHLIX NPO-
MBIULICHHBIX [EHTPOB 1 6a3 CTPOAHHAYCTPHH, CAOKHBIMK Tpanc
NOPTHBIMK CBAIAMI, HEIHAUMTEALHON MAOTHOCTBIO HACCTCHHA W (Y
poBuM KauMatoMm. Mepaisie rpyHTH (4 TAKKE JAei) KaK OCHOBAHNG,
cpesa wan CTPOMTEABHBIA MaTepia o6aagalor ocobbIMi CROACT
BaMH, 06YCAOBIHBAIOUIHMH HHOM MOAXOT K HALICKAHHAM, NPOCKTH

Oco6eHHoCTh POCKTHPOBAHHA, CTPOHTEABCTBA H IKCIIY/TAIMN
COOPYKEHHA Pa3NHYHOTO HA3HAYEHHA HA BEYMOA MEep3a0Te (aKJI0-
YaeTCH B HEOOXONHMOCTH Y4eTa H PeryaHpOBKH Tenaoo6Meia Mep3-
JAbiX TPYHTOB ¢ COOPYKEHHAMH H BHelIHeH cPeof, Tak Kak nx Gu-
3HKO-MEXAHHYECKHE M CTPOMTE/]bHME CBOACTBA M3MEHAKTCH NpH
NpoTaHBaHuK (NPOMEP3aHHH) HAH H3MEHEHHH TeMNepaTypi B OT-
pHIATENLHOM 1Hana3one. 3T0 BAHAHHE CONPOBOKIAETCHA PaiBH-
THEM BPEAHBIX [AA YCTOAYHBOCTH COOPYMeHHWHA KPHOTeHHIX Mpo-
11eCCOB.

B nauane wawero sexa npu crponteancTse 3a6afikaabcKOA M
AMYPCKOR KeNe3HHX JOPOr MHKEHEPH NPHIUAW K BHBOIY, YTO
CTPOHTb B 3THX PaflOHaX Ha MEP3INbLIX rPYHTaX TAK, KaK B 3aNaiHuX
pafioHax cTpaHb (Ha TaABX TPYHTax), HeJb3fA: COOPyAenus (3na-
HHMS, JIOPOTH, MOCTH) B NpOLECCe HEeNnpoAOJMHTENAbHOA yKCMayaTa-
UHH 1eDOPMHPYIOTCA H Pa3pylalOTcA. 34ech HEBO3MOKHO OTpPaHH-
YHTBCA OOLLENPHHATWMH KOHCTPYKUHAMH M NPHEMaMH, KOTOpHe
X0pouio ce6s 3apeKoMeH10BalH B OOLIYHBHX YCAOBHAX, 60ace TOrO,
MEXAHHYECKHA NepeHoc WX B 3TH YCJOBHA, KaK MPABH.IO0, NPHBOAHT
K KatacTpopHYECKHM NOCAEACTBHAM.

HiuxkeHepHas npakTHKa W pelyabTaThl HAyYHBIX HMCCIC10BAHHA
NO3BOAMIAH Pa3palioTaTh He TOAbKO ofliHe NPHHUMNLI ¥ METOAM
CTPOHTENLCTBA Ha Mep3Jbix TPYHTAX, HO H KOHKPETHIHDOBATbH HX
AJIA PA3THYHBIX THIOB i KA4CCOB COOpYAKeHuA W BHAOB paBorT.

B nactosiee Bpems 8 CCCP HOPMATHBHHMH AOKYM“HTAMH pe-
TJIAMEHTHPOBAHO 1BA OCHOBHLX NPHHILHNA HCNOJL3OBAHHS MCP3IBIX
FPYHTOB: ¢ COXpAHCHHEM WX MEP3IIOro COCTOSHHA W C X OTTauBa-
HHEM, KaK MpaBuo, NpelBapuTeabHbiM, ynpasasemuiy. Mexay
HUMII HeT CTPOrux rpanui. BriGop toro uaw uHoro npisitina obyc-
JIOBJIEH PErHOHAAbHBIMH OCOOEHHOCTHMH PAaCnPOCTPAHeHid i CTPoe-
HHSL  BEYHOMep3Joi  ToAulM. C 3TOH TOYKH 3PeHHs pasanuaior
PafoHbl: 1) CNJOWIHOTO PacnpOCTPAHEHHA HHIKOTEMIIEPATY PHBIX
BeuHoMep3abix nopoa (SIkyrek, Hopuabck u ap.): 2) ciaoikoro
PACIPOCTPAHEHHSA MAJOMOULHBIX BHICOKOTEMIEPATYPHBIX BEUHOMED 3
aux nopoa (Mupubiit, Hrapka) u 3) 0CTPOBHOTO HJAH PCPLIBHCTOTO
PACIPOCTPAHEHHA BEUHOH MepP3JIOTHI.

Jlast nepBBIX ABYX THIOB — OCHOBHOW MPHHILHIT CTPOHTC.ILCTRA
NepBLIA, 118 TPETHEro — NEPBHI H BTOPOM, B 3aBHCHMOCTH OT KOHK-
PETHLIX MEP3JOTHBIX YCJAOBHH naowmanku. [lepsuiit npuiii inpety-
CMATPHBAET He TOJbKO yueT GAKTHYECKHX YCJAOBHIL, HO it yipaBic-
HHe CBOWCTBAMH TPYHTOB B CAMOM LUHPOKOM CMBIC/e CA0RA, BIIOTL
/10 HCKYCCTBEHHOTO COATAHUA MEP3AOW TOAWM, ¥ Tem OGoave OX-
JAKEHHA MEP3JbiX [PYHTOB LIS NOBLIIEHHA MX NPOUHOCTH iIH
BOJIOHENPOHHILAEMOCTH, BTOpOR npuuuin MoKeT OuiTL B HEKOTOPLIX
CAYHASX CIHHCTBEHHO NPHEMJIEMbIM, YTO CBA3aHO HE TOJILKO ¢ KOHK-
PETHLIMIE CBOMCTBAMH BEYHOMEP3J0H TOJULH, HO H THHOM COOpYAKe-
HHSI, ¢rO HA3HAYCHHEM if TEXHOJOrHeH NPOHIBOJACTBEHHOM ACHTCAL-
HOCTH

Haun6oaece Harasano nepsbiit NPHHUAN BONJIONUACTCS NPH HCTIOb-
30BAHIT MEP3JblX TPYHTOB B KauyecTBe OCHOBAHMH NPH TpaKIlaH-
CKOM M NPOMBILJIEHHOM CcTpouTesbeTBe. PaszpaGoTaubi pavinunblie
KOHCTPYKIHH (PYHAaMeHTOB, 06ecnediBalonie cOXpanerine Mep11oro
COCTORHHA TPYHTOB OCHOBanus. [IpocTeiiee pewenne — iHCKIOYHTD
HEMOCPE/ICTBEHHBI KOHTAKT OTANJAHBAEMOro 3A4HHH C (10BEPXHO-
CTBIO FPYHTA NyTeM YCTPOHCTBA npoBeTpiiBaeMoro noinoass. [lpn
HEBOIMOKHOCTH (N0 KOHCTPYKTHBHBIM MM HHBIM COOOPaKeHHAM)
YCTPOACTBA NPOBETPHBAEMOTrO MOMNOAbA NPHMEHAIOT HCKYCCTBCHHOE
OXJA/K1EHHE TPYHTOR JAH60 HA IPaHHIle COOPYKREHHE — NOBCPXHOCTL
rpyHTa, AnGo BCEro MaccHBa Mep3JabiX NOPojl, KOTOPBIH CayAiT oc-
HOBAHIEM COOPYKEHNS.

JdBa npuHUKNA HCTOABIOBAHMS BEYHOMEP3JLIX TPYHTOB HMEIOT
MECTO 1IpH PA3JIHYHBIX BHAaX cTponteavcrsa. [Tpu npokaaike wn-
KEHEPHBIX KOMMYHHKAUMA B npetenax ropoiackol 3acTpoiki suibop
METOa CTPOHTEALCTBA JIMKTYETCH, KaK NpaBuao, NPHHILIHOM He-
NOJLIOBAHHA MEDPAILIX TPYHTOB B KauecTBe OCHOBAHMIL 371aHist it
COOPYAKEHUH. ECan [PakAGHCKOE W NPOMBIACHHOE CTPONTEILCTBO
BEIETCSH ¢ COXPAHEHHEM MEPITOro COCTOSAHHA TPYHTOB, TO aHa.J10-
IHYHOe ycaosue A00KHO 00R3aTEABHO COOM0AATLCA M LI HHIKE-
HEPHLIX KOMMYHUKal. [Ipin crponTeanctse no BTOPOMY HpHHILINY
TAKON AKECTKOR BIAUMHON OOVCAOBJACHHOCTH MOMHO HE [PHICPKH-
Batbest. Paspabotanws pasanudble KOHCTPYKUMH W OPHEMBL (1PO-
KAAJKH KOMMYHHKAUHI ¢ COXPARCHHCM MEPIIOT0 COCTOSHUS TPYHTOB.
Han6oace sPpHekTHBHLI METOL  NPOKIAIKA BCCX BHIOB HIEARC
HEPHBIX CETCH B ABYXBAPYCHBX NPOXOIHBIX (BCHTILIHPYEMLIN B NO-
JA0IHBI NEPHOA T01a) KaHaAaX-yTHAHNOPAX.

[Tpu npokaanke MarucTpasbHuix Tpy6ONpoBO10B  (BOIOBOT0OR,
HeQTEnpoBOAOB, IAI0NPOBOAOE H AP ) BHOOP NPHHUKNA CTPONTCIL
CTBA M MCTOI0B NPOKIALKH OCJIOKHCH TeM, 4To Tpacca tpy6onpo
BO1A MOXKCT NEPECCKATh PARONL ¢ COBCPIICHHO PAVTHUHLINMK (O
KPHOJOTHUCCKUMH YCAOBHAMH. O1HAKO HAKOMICHHBIT K HACTOS MY
BPCMCHH ONBIT CTPOHTEABLCTRA M SKCILIVATAUMK NOIBOINET KOHCTA
THPOBATH, YTO CTPOMTEABCTRO JAMHCHHLX  COOPYAREHHIT 10,01k 10
BCCTHCHL € BLINOAHCHHCM 1[“'(\("\.’!""‘{ MAKCHMAIBHO  BOAMOAHOTO
COXPAHCHHS HE TOABKO TCPMMHUCCKOTO PEMHMA BCUHOMCP LIBLIN [PAH
TOB, HO H NPHPOAHOR OOCTAHOBKH B netom. [Tpy HERIOUAHLIN napy
HICHHAX OKPYAKAOIIER CPeabl HX HEOOXOAHMO CBECTH K MIHINMY M\

POBANHIO, CTPOUTEABCTRY COOPYKEHII W APYTHM BHLAM Hesopedc HA OCHOBAWIK ACTAABNO NPOPAGOTAHHOIO NPOTHO3A PLIY.IHTATON
CKOM 1eATeBHOCTH B THX paioHax
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TENJAOBOIO M MEXAHNYECKOrO BIAHMOACACTBHA Tpy6ONpoBO1A M CO-
OpYMENNA N MEM C BEWHOMEDITWMHM MOPOIAMM B npolecce npose-
ACHNA MOATOTOBMTEABHWX PAGOT, COBCTBEHHO CTPOMTEABCTBA M NO-
caelyoweR SKCNAyaTaUHN.

POEXTHPOBAHHE M CTPOHTEALCTBO SBTOMOGHABHEX 10por B 06-
MACTH PACNPOCTPAHEHHN BEUHONEPINWX FPYHTOB BEIETCA C yYETOM
PAROHHPOBAKHA M TeX Xe ABYX NPHHUHMNOB HCNOABIOBAHMA Mep3-
AMx rpyNToB. PaRoHHpOBAHHE TEPPHTOPHM NPOMIBOAHTCH HA OCHO-
BaNHH QAKTOPOB, OKAILBANUIHX CHALHOE BAHAHHE HA YCTOAYNBOCTD
AOPOMHBIX KOHCTDYKUHA: XapaKTep PacnpoCTPaHeHHs BENHOMEp3-
AbiX TPYHTOB, HX TeMNepaTypa, THN rpyHTa (Kak Bewiomepinoro,
TAK H B Npeaenax cAoA Ce30HHOro oTtTausanun). [lpunimun crpou-
TeAbCTBA, a COOTBETCTBEHHO M KOHCTPYKUHA 3IeMIARHOIO NOJOTHA
BHOHPAOTCA 118 KaXAOr0 BHAEJICHHOTO YHACTKA TPACCW B 3aBH-
CHMMOCTH OT THNA MECTHOCTH W CTENEHH NPOCALOYHOCTH FPYHTOB OC-
HOBAHHA.

CTPOHTEALCTRO THAPOTEXHHUECKHX COOPYAKCHHA TaAKAKe NPOHIBO-
AHTCA HCXOIR M3 ABYX TNPHHUHMNOB MCMOABIOBAHUA BEYHOMEDIAhX
rpYHTOB. OCTOXHRIOWNM OBCTORTEALCTEOM 31ech ABARCTCH ofec-
neyeHHe He TOIbKO CTATHYECKOA, HO M NPOTHRODHALTPAUHOHHOMN
YCTORYMBOCTH OTAENBHHX COOPYXeHWA THipoysaa Huiko- u cpea-
HeHANOPHHE (10 25 M) NIOTHHH M3 MECTHLIX CTPOMTEABLHBIX MaTe-
PHANOB (3€MAANBIE) BOIBOAATCA KAK MO METOIY COX[aHEHHA Mep3-
JI0ro COCTORHUA TPYHTOB OCHOBAHMR, TaK ¥ ¢ 10NYyIUeHHeM OTTaHWBa-
HHA B NPOLECCe 3IKCNAVATAUMM (B 3aBHCHMOCTI OT MEDITOTHRX H
HHXEHePHO TeOJOr HYeCKH X )‘C.1()NH'| H CTEneHy npoCcaiovyHoCTH no

o1). Ilpeanourenne ornaercs neppoMy npuHUMNY CTPOMTEILCTBA.
PH 3TOM TEJO NJAOTHHH HAK €€ NPOTHBOPHALTPAUHOHHBIA 3.TEMEHT
TaKkXe Jd0JXKHH HAXOIHTLCA B MEP3ITOM COCTORHMH [Tocaeanee
ofiecnieyHBaeTcs  an6o NOCAORHEIM HAMOPAKHBAHHEM 3eMJAHOR
NJOTHHB, AH60 NPOMOPAKIIBAHIICM €€ 110C1e BO3BE1EHHA CO CTOPOHB
HH3I0BOTO OTKOCA 34 CHET €CTECTREHHOTO X008, AH60 NPHMEHEHHEM
NPHHYINTEIBHEX 3aMODaARIBAWOULIIX CHCTEM Bmukonanopuue Ka-
MEHHOHAOPOCHHE NAOTHHLI BO3BOTATCA HA HENPOCANOYHOM CKaJb-
HOM OCHOBAHHH NO TaNOMY BAapHAHTY H YCJIOBHA HX 3KCAyaTauHH
HE3HAYHTEAbHO OTAHYAKTCA OT OOBIYHBIX.

Mu He paccmaTpuBaem cneunadbiibie Buan pabor (Hanpumep,
TOPHBIX), AA% KOTOPHYX cHOPMY.IHDOBAHHBIE BhIUIE NPUHUHNW HC-
NONb30BAHHA BECYHOMEP3IBIX FPYHTOB Takke npuemaemb. PaccMmor-
PeHHLIE BHIAW CTPOMTEIBLCTBA 1al0T J10CTATONHOE NpeiacTasjeHHe
0 cnenHPHIECKHX OCOBEHHOCTHX CTPOHTEILCTBA HA MEp3JhniX
rPYHTAX.
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