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Environmental Monitoring for Conservation of Ecosystems

Extreme weather conditions observed globally have recently caused abnormal changesin
ecosystems. To help understand the current situation and mechanisms of these abnormal changes
to the Earth, the latest results of atmospheric, meteorologica and hydrologica observation and
research at the South Pole aswell asin tropical and temperate zones will be reported.

Opening session
Moderator: Toshio Iwakuma, Faculty of Environmental Earth Science, HU
12:00-12:10 Opening address
AkiraKouchi, Institute of Low Temperature Science, HU
12:10-12:50 Activities of Ministry of Education, Culture, Sports, Science and Technology on
climate change and global warming
Naoko Okamura, Ministry of Education, Culture, Sports, Science and Technology

Plenary Lecture

Chair: Motoyoshi Ikeda, Faculty of Environmental Earth Science, HU
12:50-13:40 Hydrometeorological Array for 1ISV-Monsoon Automonitoring (HARIMAU)
Manabu D. Y amanaka, JAMSTEC/Kobe University

Invited Lecture 1

Chair: Yasushi Fujiyoshi, Institute of Low Temperature Science, HU
13:40-14:30 The Project of the Antarctic Syowa M ST/IS Radar (PANSY)
Kaoru Sato, The University of Tokyo

14:30-14:50 Break

Invited Lectures 2

Chair/interpreter: Atsuko Sugimoto, Faculty of Environmental Earth Science, HU
14:50-15:40 The carbon budget of permafrost-dominated ecosystems
Trofim C. Maximov, Institute for Biological Problems of Cryolithozone, Siberian Branch of
Russian Academy of Sciences

Invited Lectures 3

Chair/interpreter: Mamoru Ishikawa, Faculty of Environmenta Earth Science, HU
15:40-16:30 Environmental and climate change in Mongolia
Azzaya Dolgorsuren, Institute of Meteorology and Hydrology, Mongolia

Invited Lectures 4

Chair: Mitsuru Osaki, Graduate School of Agriculture, HU
16:30-17:20 Carbon dioxide ba ances of tropical and temperate forests
Takashi Hirano, Graduate School of Agriculture, HU

17:20-17:30 Closing Remark
Toshio Iwakuma, Faculty of Environmenta Earth Science, HU
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A new scientific scheme to promote social/academic benefits:
Hydrometeorological ARray for Isv-Monsoon AUtomonitoring
(HARIMAU)

Manabu D. Yamanaka
JAMSTEC-IORGC/K obe University

The earth’s global environment is the result of 4.5 billion-year history of interactions among
the earth’s surface, oceans, lives and atmosphere. All larger planets have atmospheres, but an
ocean and an oxygen-rich atmosphere are known only on the earth even after planets out of the
solar system have been discovered. In the ocean guarded from solar ultra-violet rays, organic
materials were changed into lives, which led to the earth having the oxygen-rich atmosphere and
the habitable land surface. We human beings appeared finaly and spread over the lands,
particularly in the east/south Asia (so-called “monsoon Asia”’) region with prominent seasonal
variations. Therefore, to know climate changes and human-earth interactions in this specid
region is basic to understand the global environment, but there are still many areas out of
observational coverage.

The human beings are lives doing sciences, which have been developed and expanded based
on two motivations: intellectual/academic curiosity and survival/sociad benefit. In Asia
population and economic capacity are approaching to the upper limit, and any scientific activities
including climatological observations are requested to contribute not only to the science but also to
the society. Since how the studies are promoted is equivaent to how the scientists and their
institutions are surviving, two categories of institutions, the universities for small/basic sciences
and the national institutes for big/applied sciences, must be coexistent with each other and the
scientists may hold posts at the both categories.

At such aturning point of the history of the earth and the human beings, severa observational
projects for climate changes are being carried out. As an example, the radar network
construction (the HARIMAU project) over the “maritime continent” (Indonesian Archipelago and
surroundings) is introduced. Five radar stations are installed during 2006-8, and their data are
displayed on the internet in real time. As a scientific result, on one hand, the reason why the
earth’s cloud activity is most active in the maritime continent is clarified as that a diurnal-cycle
temperature/wind variation near the coastline is most effective to generate clouds in the equatorial
region and the coastline is much longer in the maritime continent rather than in true continents.
On the other hand, assessment and reduction of flood disasters having made millions of suffers
every year are also successfully promoted, and such contribution of HARIM AU project has been
nominated as an early achievement of the Global Earth Observation System of Systems (GEOSS).
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Program of the Antarctic Syowa MST/IS Radar

Kaoru Sato[ 1]; Masaki Tsutsumi[2]; Toru Sato[ 3]; Akinori Saito[ 3]; Y oshihiro
Tomikawa| 2];Koji Nishimura[ 2]; Hisao Yamagishi[2]; Takashi Yamanouchi[2];
Takehiko Aso[2]; Masaki Ejiri[ 2]

[1] The University of Tokyo; [2] National Institute of Polar Research;

[3] Kyoto University

Syowa Station is one of the distinguished stations where various atmospheric observations for
research purposes by universities and institutes as well as operational observations by Japan
Meteorological Agency and Nationd Institure of Information and Communications Technology
are performed continuously. National Institute of Polar Research plays a central part in the
operations. The observation of the Antarctic atmosphere is important in two senses. Firgt, it is easy
to monitor weak signal of the earth climate change because contamination due to human activity is
quite low. Second, there are various unique atmospheric phenomenain the Antarctic having strong
signals such as katabatic flows, the ozone hole, noctilucent clouds, and auroras. The middle
atmosphere is regarded as an important region to connect the troposphere and ionosphere.
However, its observation is sparse and retarded in the Antarctic compared with the lower latitude
regions; nevertheless the vertical coupling is especially important in the polar region.

Since 2000, we have developed an M ST/IS radar which is operational in the Antarctic and have
made feasibility studies including environmenta tests at Syowa Station. Various significant
problems have been aready solved, such as treatment against low temperature and strong winds,
energy saving, weight reduction, and efficient construction method. A current configuration of the
planned system is a Doppler pulse radar with an active phased array consisting of 1045 yagis. As
an activity of JARE49 (the 49th Japanese Antarctic Research Expedition) and JARESO0, a pilot
radar system which consists of newly developed antennas and T/R modules is being installed at
Syowa Station, to know the overall performance of the radar system. This pilot system is being
used for IPY (International Polar Y ear) 2007-2008 as a meteor radar to monitor winds in the lower
thermosphere which are hard to be performed by existing observation facilities.

The vaue of the PANSY project has been approved internationaly and domesticaly by
resolution and recommendation from internationd scientific organizations such as IUGG, URSI,
SPARC, SCOSTEP, and SCAR. The scientific research objectives and technical developments
have been frequently discussed at international and domestic conferences and at a scientific
meeting a NIPR organized by the PANSY group every year. In this fisca year, we will
summarize the results of these discussions and feasibility studies as a few booklets. Specia
sessions for PANSY will be also organized at related scientific societies such as M SJ and SGEPSS
to deepen the discussion with an eye to submission of our proposal.
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The carbon cycle of permafrost-dominated ecosystems

Trofim Chr. Maximov

Institute for Biological Problems of Cryolithozone,
Siberian Branch of Russian Academy of Sciences

Thisissue of carbon uptake of main Siberian permafrost forests and tundras has direct economic
implications under the Kyoto Protocol. Not only can the uptake by permafrost ecosystems be used
to counter industrial emission, but any surplus uptake capacity may be sold by emission trading.
Large reservoirs of carbon have been accumulated in the ecosystems of this region over many
centuries. We estimate that carbon stock in the soils of forest and tundra ecosystems of Yakutiais
17 Gt C.

The results of statistically reliable data on eddy-covariance (1996-2007), obtained at 12 stations,
allowed us to quantitatively assess annua carbon fluxes in four representative biomes of the
Russian Federation. It has been established that carbon sink significantly dominates in the
permafrost forests of Yakutia compared to other investigated biomes of Russia. The sink here is
greater than in the meadows and tundras of Russia by 1.5 and 4.5 times respectively. In totd, all
the territory of the Russian Federation is an area of considerable carbon sink equaling 1.9 Gt C yr.
Largest carbon sink belongs to forests, followed by meadows, and then come bogged territories.

17GtC
1996-2007

meadow 15 4.5
1.9GtC/ meadow bog



Environmental and Climate change in Mongolia

D. Azzaya
Institute of Meteorology and Hydrology (IMH), Mongolia
Juulchny gudamj-5, Ulaanbaatar-46, 210646, Mongolia

A.Khaulenbek
Desertification study center, Institute of Geoecology, MAS, Mongolia

Introduction

Mongoliais situated in the East Asia between Russia and China far from Oceans and Sea with a
population of 2.8 million and territory of 1.566 million square km. The average altitude is 1580 m
above the sealevel and it is on average 1000 km distance from the nearest access to a sea. For that
reason Mongolia has a continental climate with four distinct seasons. Mongolia is a specific
country with sharp continental climate and small precipitation. Vast semi-arid (semi-desert) and
Plains Mountains in the west and southwest the Gobi desert in south and southeast. 42.5 percent of
Mongolian territory is occupied by the Gobi desert, covered by scattered and short plants, which
grow on the semi-desert and Gobi steppe brown soil with weak fertility.

The extreme climate and geography as well as the landlocked condition greatly influence the
Mongol’s way of life. As far as Mongolia, where more than 40 percent of the population is
engaged in livestock breeding, the life of people depends mostly on the weather and natural
condition.

The ethic composition of Mongolia is fairly homogeneous: there are two national mgorities
representing different ethic groups and 15 national minorities representing different ethic groups.
The density of the population is extremely low, only 1.7 persons per square km and still many
areas remain virtually unpopul ated.

Current situation of desertification and its change

Desertification and drought are very important issue in Mongolia, because 90% of Mongolian
territory is located in semi-arid and arid regions. Mongolia has been affected by drought and
desertification during the whole period of its history and development because of its affiliation
with the capricious and semi-arid and arid zones with a shortage of moisture.

Table 1. Grade of desertification, Mongolia

Grade of desertification 1990 2000
Land with weak sign of desertification 760 34.9
Land with average sign of desertification | 20.0 38.7
Land with strong sign of desertification | 3.0 16.1
Land with severe sign of desertification | 1.0 1.8
Desert land with drought - 8.5
Territory covered by drought 41.3% 44.7%

Table 1 shows, that the territory, exposed to drought has increased by 3.4 percent in the 10 years
between 1990-2000 and the square of land with strong sign of desertification has increased by 5.4
times, the land with severe sign of desertification has a so increased by 1.8 times.

In 2000, the ecosystem of pasture land in the steppe area, which occupies 33.8 percent of
Mongolian area, suffered from improper human activities and 11.6 percent of them suffered very
strong, 2.0 percent of the territory was damaged strongly.



In Mongolia 70 percent (126.6 million hectares) of rangeland have been deteriorated at a certain
extent and the biomass of grassland was decreased by several times. Therefore, certain part (25
million heads) of livestock has been deprived of fodder, which reduces the number of cattle and
their productivity.

In the last years 40 percent of forestland, which covers only 8 percent of Mongolian territory,
have suffered badly because of improper human activities and the reserve of forestland has been
reduced from year to year as the result of this improper human activities, harmful insects, forest
firesand etc.

Loca people in the Gobi desert area have cut the saxaul trees, which are principal plant of the
Gobi desert area, more frequently as firewood for many years and thus the saxauls of 125.0
thousand hectares of land were exterminated completely. But still the inhabitants of aimag and
soum centersin the Gobi desert area use various trees and bushes as firewood.

As a result of climate changes, the process of desertification has increased and the repetition of
various natural calamity phenomena has been demonstrated by snow melting in the mountain caps,
river drying, bad growth and development of grasses, the soil water salting, degradation and
erosion of soils and the loss of its humus and fertility, and the increase of sand move.

Recently in the country 647.0 thousand square km or 41.3% of tota area is affected by sand,
especialy in the Govi desert area. The size of area, which is covered by sand has increased (with
38000 hectares) during the last 30 years.

Besides the natural factors, the multi-sided human activities have shown negative effect in the
increasing trend of desertification. In the early 1990s, due to the privatization of livestock head of
private livestock increased by overloading and crumpling the pasture. According to the above
mentioned traditions of pastoral livestock breeding have been lost and these factors are became
one of the key reasons of desertification.

Current situation of permafrost and its change

Permafrost underlies approximately 63% of Mongolia area, which is located higher than 43°N.
Mongolia has 7 kinds of permafrost: continuous, discontinuous, widespread, rare spread, sporadic,
pereletka and seasonal.
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Fig 1. Distribution of permafrost in Mongolia by Dr.Tumurbaatar.D. (1968-1970)



Continuous permafrost underlies 141000 sgquare km, which is 9.4% of the territory. This kind of
permafrost mostly distributed in the valleys of Khangai, Khuvsgul and Alta mountains. In this
region depth of permafrost is 100-200 meters, the maximum reaches 500 meters. Average
temperature of the permafrost is—1.5 degrees and the maximum —3.5 degrees.

Discontinuous permafrost underlies 27000 square km, which is 1.8% of total area and distributed
in the valleys of Khentii, Eastern Khuvsgul and Altai mountains.Widespread permafrost underlies
152630 square km, which is 10.2% of Mongolian territory. The distribution of this permafrost
starts from 1460-1800 meters. Its depth is 50-100 meters. The mean temperature of this permafrost
is—1.0 degrees and the maximum reaches —1.5 degrees. Rare spread permafrost underlies 190930
square km, which is 12.2% of territory of the country. Depth of this permafrost is mostly 10-50
meters. Temperature of the permafrost is—0.5 degrees and the maximum —1.0 degree.

Sporadic permafrost underlies 460110 square km, which is 29.4% of territory. This kind of
permafrost mostly distributed in the valleys of the central part of country, Orkhon-Selenge river
basin, Great lakes depression and the Northern part of Eastern Mongolia. Depth of this permafrost
is mostly 5 meters. Temperature of the permafrost is—0.1 degrees and the maximum —0.5 degrees
[D.Tumurbaatar, 1G, MAS, Mongolia). Pereletka permafrost forms in the Eastern Mongolia,
depending on winter condition, temperature and snow cover. If snow cover is not depth, then it
forms.

Seasona permafrost forms in the Southern part of steppe region and Govi area, where soil
freezing depth is from 1.7 meters to 3.5 meters. Results of scenario of climate change HADCM3
model, version A2 of CO2 concentration show that continuous permafrost in  Mongolia will
decrease by 4.4% in years 2010-2039, by 0.5% in years 2040-2069 and will be not much
permafrost in years 2070-2099, such as without permafrost area will increase by 71-80% and only
discontinuous, widespread, rare spread, sporadic permafrost area will remain in the valleys of
Khuvsgul, Khangai and Khentii mountains [ T.Ganbaatar, IMH, Mongolia).

Fig 2. Ratio Fijaju OF dirsfribution of permafrost by versions A2 and B2 of
HadCM3 modd for years 2010-2039

Fig 3. Ratio Fjanju or perméffost distribution computed by versions A2 and B2
of HadCM3 model for years 2040-2069
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Fig 4. Ratio Fjaju or permafrost distribution computed by versionsA2 and B2
of HadCM3 model for years 2070-2099

Climate and its change

The annual average air temperature in Mongolia has increased in the last 65 years by 1.9 degree
Cesius and in a winter by 3.6 degrees, in a spring and autumn by 1.4-1.9 degrees and it has
decreased in a summer by 0.6 degrees. According to this the duration of non-frosted period has
increased aso by 10-19 days. If take the regions of Mongolia, then in the southern and eastern
parts of Mongolia annual average air temperature has increased by 1.5-1.6, in the western and
centra regions by 2.0-2.3 [PGomboluudev, IMH, Mongolia).

Precipitation amount for a year in the country various from 300 to 400 mm. Annua precipitation
has decreased in the Central and Gobi regions of Mongolia by 8.7-12.5%. It has increased in the
Eastern and western regions by 3.5-9.3%. Annua precipitation amount has increased in autumn
and winter by 5.2-10.7%. It has decreased in the spring and summer. Amount of precipitation for
the growing period (May-September) has decreased and precipitation amount of the cold period
(November-March) has increased by 5%. Wind speed has increased by 0.03 m/s.

There is significant change in land cover due to an increasing of anthropogenic forcing, such as
desertification and deforestation may affect climate by changing the hydrologica cycle and
surface energy baance.

Wesather extremes are very important key issues in Mongolia. Before 1990s Mongolia had 25-30
weather extremes in ayear, recently it has increased until 40-60 and sometimes it reaches 81. 41%
of total weather extremes are dust and snow storms, 29% - rainfall and thunderstorms, 18%- heavy
rain and snow and others are like dzud (very harsh winter), drought, forest & steppe fire and flood
[L.Natsagdorj, IMH, Mongolia].

Drought, covering 25 percent of Mongolia’s territory has been happening once in every 2-3 years
and the drought, which covers 50 percent of the country, has been happening once in every 4to 5
years. The number of days with dust and sandstorms in the steppe and Gobi desert zones has
increased by 3 and 4 times by the beginning of the 21% Century in comparison with 1960’s.
Drought occurred >50% of Mongolian area has been happened 4 cases in a decade (10 years) for
the period 1941-1950 and 1981-1990, 3 cases for the period 1991-2000, 1 or 2 cases in a decade
for the period 1961-1970 and 1971-1980. Since 2000 drought is more frequent. Mongolia has the
drought in years 2000, 2001, 2002, 2005 and 2007. High drought occurrence is in the Gobi desert
areaand it occurs once in 2-3 years) [J.Tsogt, IMH, Mongolid].

Mongolia has 1.3 million hectares of arable land that can produce environmentally clean and
friendly products. Due to climate change amost haf million hectares of land has eroded, which
has been used for agriculture during the last more than 40 years. Also 70% of Mongolian area is
degraded. The yield from severely degraded pasture has decreased by 5 times.



Conclusion

1. Mongoliaiswarming and becoming drier from year to year.

2. Following the climate change environment in Mongolia will be having some changes, such as
desertification.

3. According to this warming frequency of weather extremes isincreasing and it will increase in
the future. Weather extremes are more severe and carry lot of damages and |osses.

4. Due to change of the meteorological elements in the last years permafrost area is decreasing
and it will be continue in the future.
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Carbon dioxide balances of tropical and temperate forests

Takashi Hirano
Research Faculty of Agriculture, Hokkaido University

Terrestrial ecosystems function as a large carbon sink as a whole in the global carbon balance.
The carbon baance of individual ecosystem varies temporaly and spatialy, depending on
endogenous factors and the environment. To investigate vegetation functions for the global carbon
cycles, the carbon dioxide (CO,) exchange of terrestrial ecosystems with the atmosphere (CO,
flux) has been measured since the mid-1990°s using the eddy covariance technique over various
ecosystems.

We have measured CO, flux above tropical peat swamp forests in Centrad Kalimantan,
Indonesia since 2001 and a larch forest in Hokkaido, Japan since 2000. The former forests are
growing on tropica peatlands with different disturbance levels: an undisturbed evergreen swamp
forest, a drained swamp forest and a drained cutover. Peat swamp forest was deforested and
drained to develop farmland on alarge scale in this area during the 1990°s. Although peat swamp
forest occupies asmall portion of the total area of tropical forest, it has become a great concern of
not only researchers but aso policymakers from the viewpoint of carbon balance, because
underling tropica peat stores huge carbon as soil organic matter. Recently, the carbon pool in
tropical peat has become more vulnerable and has a high potential to switch to a large carbon
source in the near future under the conditions of climate change and large-scale disturbances by
human activities, such as land-use change and fires.

The latter forest is a larch plantation established in the mid-1950’s. Larch forest is widely
distributed over temperate and borea regions in East Asia. The larch plantation, however, was
seriously destroyed by strong wind from a typhoon in 2004. Typhoon is an important disturbance
factor for forest ecosystemsin East Asia, which are damaged extensively and intensively. CO, flux
has been continuously measured even after the typhoon disturbance.

I will mainly talk about the CO, baance of the tropical peat swamp forests and the larch forest
as the representative of tropical and temperate forests, respectively, using our data. Topics include
seasonal variations, interannua variations, controlling factors and disturbance effects.
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