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Abstract

In the present study we related the decrease of the vegetation productivity in a larch forest with an 

increase of the air temperature over a 20-year period (1987-2007). During the years of the study the data 

from nearby weather stations showed warming and drying trends in climatic conditions: a 1.60C increase 

of mean annual temperature, increase in maximum and minimum temperature extremes, and delay of 

summer rains. Plant community changes include the shift in species dominance from mesophytes to 

xerophytes, decrease in vegetation cover and plant height, and transformation of a single July blooming 

peak to the more diffuse blooming season.  We also showed the plant phytomass of the larch forest of 

the Hövsgöl region is decreasing in response to the climate changes. 
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Introduction

The Lake Hövsgöl National Park is located 

in the northern part of Mongolia at 500-510N, 

980-1010E.  This protected area surrounds 

Lake Hövsgöl, which is reported to contain the 

world’s freshest water. The area includes two 

distinct vegetation landscape types: alpine and 

mountain taiga forest to the west of the lake, 

and forest-steppe to the east. The forests consist 

predominantly of coniferous trees, constituting a 

boreal, typical Siberian taiga. They are subdivided 

into the dark colored pine forest (Pinus sibirica 

and Picea obovata) and the light colored 

coniferous larch forest (Larix sibirica). The larch 

forest is predominant across the forest-steppe 

area on the east of the lake. Its vegetation cover 

includes diverse forbs and shrubs (Betula humilis, 

Rhododendron parvifolium, Vaccinium vitisi-daea 

and V. uliginosum) (Batraeva et al., 1982).

The Hövsgöl region experiences a harsh 

continental climate with four sharply defi ned 

seasons and large diurnal temperature fl uctuations. 

Winter season is long, cold and dry; summer is 

short, hot and dry. Average monthly temperatures 

range from +120C in July to -210C in January. Mean 

yearly temperature is equal to -4.50C, absolute 

maximum of +350C, and absolute minimum of -

490C (Nandintsetseg et al., 2007). Average annual 

precipitation ranges from 250 to 450 mm with 

a mean of 300 mm. Precipitation peaks in the 

summer months, averaging 22.4 mm for May, 

52.6 mm for June, 87.6 mm for July, and 77.1 mm 

for August. Wind direction is predominantly from 

the northwest and south and its speed averages 2-

3 m/sec (Bufal et al, 1989).

The protected area is underlain by continuous 

permafrost, which keeps the soils of the forests 

cool and wet in summer months. As the Arctic or 

boreal regions, permafrost and its associated plant 

communities are threatened by global climate 

change and warming. The effects of these warming 

patterns on different landscapes can be diverse, 

changing plant development, reproduction, 

vegetation type, cover and phytomass (IGBP, 

1999).  

Since 1963, a weather station has been 

maintained in the village Hatgal at the southern 

end of Lake Hövsgöl, providing excellent local 

weather records. Statistical analysis of the weather 

data for 1963-2002 revealed a clear record of 

a regional warming trend (1.60C increase in 

average annual air temperature for the period) 

(Nandintsetseg et al., 2007).

In 1987, we established a new geobotanical 

research plot near the weather station at the 

southern end of the lake to monitor plant phenology 

and phytomass, successional changes in the plant 

community and anthropogenic infl uences from 

tourism and livestock grazing in the national park 

(Oyumaa & Erdenetsetseg, 2004, 2008).

Recent environmental conditions have 
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contributed to vegetation change. From 1995 to 

1997, extreme wildfi res destroyed large areas of 

regional forests. Unusual insect outbreaks and 

increasing livestock grazing around the lake area 

affected further on the forests and steppes. This 

combination of fi re, insect damage and overgrazing 

has contributed to the climate warming by 

increasing levels of atmospheric CO
2
 and, as a 

result, air temperatures (Foley et al., 2000).

Our goal was to study the responses of plant 

growth to climate warming. In the present work, 

we examine the plant phytomass dynamics in a 

larch forest. We studied the fi ve variables of the 

vegetation over twenty-years of period to estimate 

their change in the Hövsgöl Lake region. 

In this report, we analyze the plant phytomass 

data from this research plot for the years of 1987-

1989 and 1991-2007 (hereafter referred to as 

1987-2007), relating to the meteorological data 

from the Hatgal weather station.

Material and methods

The study area, Ar Davkhar is located at 

50025.386N, 100015.872E on the eastern side of 

Lake Hövsgöl.  At the present time, there is no 

herding of animals or nomadic camps in the area. 

Larch forest prevails, and the vegetation cover 

consisted of mesophytic forbs, such as Aconitum 

exelsum, A. barbatum, Geranim pratense, Vicia 

cracca, Lathyrus humilis and Bromus inermis.

We choose our study plots with as little 

direct human impact as possible, i.e., they are 

not currently used as pasture by domestic herds. 

We started data collection when plants start to 

grow, and ended each season when the biomass 

is decreased.

We measured aboveground cover phytomass 

of the brome-forbs with ten-day intervals during 

the growing season for twenty years. The four 

corners of the study area, 50 x 50 m of size were 

marked inside the larch forest. In the study area, 

the sampling plots were randomly selected with 

area of 25 x 25 cm each with fi ve replications.

 

Results

In the larch forest of the eastern side of 

Hövsgöl Lake the mesophytic plants predominate 

with a few grasses that regerminate from the 

perennating bud.  At the beginning of the 

growing season, the soil contains no plants, but is 

covered by the old larch needles, cones, and torn 

branches. The growth, following germination, 

budding or bolting in forest vegetation starts later 

than the growth in nearby steppe and meadow 

communities that are dominated by large-leaved 

plants, light in weight, e.g. Bromus inermis, 

Saussurea amara, Delphinium crassifolium, 

Aconitum Czekanovskyi, A. barbatum, Geranium 

Table 1. Plant phytomass (g/m2) changes in a larch forest of the eastern side of Lake Hövsgöl (1987-2007)

year
May decade June decades July decades August decades

M±m

20-30 1-10 10-20 20-30 1-10 10-20 20-30 1-10 10-20

1987 2.3±0.2 5.3±0.25 20.2±0.28 51±4.6 65±0.91 82±0.55 110±0.11 138±2.51 80.2±0.35 61.5±1.08

1988 3.1±0.22 15±0.6 31.5±0.57 59±0.8 92±0.5 129±0.02 140±0.03 156±0.91 111±0.11 81.8±0.41

1989 3.0±0.22 12±0.04 35.1±0.72 62±0.33 93±3.8 132±0.13 138±0.48 129±1.57 111±0.16 79.4±0.82

1991 2.5±0.21 23±0.18 45±1.04 65±0.91 93±3.8 126±0.75 130±0.49 90.4±2.5 70.4±0.68 71.7±1.17

1992 4.0±0.13 18±0.25 36.1±0.76 56±0.42 89±7.6 115±0.56 126±0.62 110 ±1.21 90.3±0.25 71.6±1.31

1993 2.1 ±0.2 20 ±0.22 38.2±0.49 72±0.19 93.4 ±3.8 130 ±0.49 131±0.49 126±0.62 110 ±0.11 80.2±0.73

1994 5.2 ±0.25 28.4±0.02 62±0.63 83.1±0.19 106±4.3 130 ±0.23 145±0.59 130.3 ±1.1 112.1 ±0.31 87.8±0.84

1995 2.0 ±0.2 27±0.19 56.2±0.63 81±0.52 106±0.5 121±1.9 133±0.43 106±1.57 86.2 ±0.35 79.7±0.69

1997 2.2 ±0.3 29±0.2 49.1±3.9 60.6 ±0.33 79.5 ±0.5 98 ±0.24 125±0.59 116±0.58 83.3 ±0.42 71.3±0.78

1998 2.1 ±0.2 18±0.2 36.1±0.76 65±0.91 105±0.42 120 ±0.19 102±0.25 81.2 ±3.7 65.2 ±0.91 66.0±0.83

1999 1.2 ±0.15 15±0.68 31.2±0.57 60 ±0.33 101 ±4.3 126±0.62 91.6 ±0.28 71.3 ±1.1 60.3 ±0.33 68.9±0.92

2000 2.2 ±0.03 12±0.04 33.2±0.43 72±0.19 80.1 ±3.5 106.7 ±0.11 80 ±0.35 63.4 ±4.7 50.1 ±0.46 56.8±1.09

2001 0.9±0.37 8.4±0.17 26.1±4.4 57±0.44 73.2 ±1.9 92 ±1.01 81 ±0.37 68.3 ±3.9 47 ±0.27 45.9±1.32

2002 1.04 ±0.15 10±0.16 28±0.44 58.2±0.46 65.1 ±3.1 72 ±0.66 63.2 ±0.68 49.5 ±3.8 42.4 ±0.42 43.2±1.09

2003 0.9±0.25 7.6±0.23 25.1±0.43 36.2±0.54 45.2 ±2.5 55 ±0.65 76 ±0.66 98.2±2.4 91.2 ±0.36 48.3±0.96

2004 2.5±0.6 7.0±0.2 23.2±0.1 49.1±0.3 55.1±2.3 66.2±0.8 73±0.45 84.3±3.2 65.1±0.5 47.2±0.93

2005 1.2±0.09 9.3±1.2 25.0±0.6 46.2±2.7 53.2±1.2 78±0.87 82.5±1.1 87.1±3.6 74.1±0.23 50.7±1.28

2006 5.1±0.08 16.2±0.3 33.1±1.1 41.2±1.6 64.1±0.63 88±0.34 94.2±1.7 90.2±7.8 82.3±0.9 57.1±1.6

2007 2.1±0.06 12.1±0.56 23.4±0.67 38.3±3.4 45.2±0.1 60±0.12 73.1±2.8 83.1±3.6 71.2±0.34 45.3±1.3

average 2.53±0.21 16.0±0.2 36.2±0.57 61.2±0.36 83.0±0.38 107.4±0.47 109.1±4.1 103.2±5.6 82.4±0.39 64.6±1.36
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sibiricum and Vicia cracca. In the forest, the plant 

phytomass was greater that of the fi rst 10 years. 

The earliest growing plants are Potentilla nivea, 

Dendranthemum zawadskii, Bromus inermis and 

some other mesophytic species. 

Table 1 demonstrates the changes in the plant 

phytomass throughout the growing season over 

the 20-year period.

For the mesophytic plants, the biomass 

increases to reach its maximum value at the time of 

blooming and seed set. By the end of August, these 

plant species becoming dry and matted, and their 

biomass declines.  In case of short-lived species, 

those that bloom after two years of growth, the 

fi rst year plants are reduced to ground-level buds, 

“bold off,” and the phytomass decreases.

Seasonal dynamics of the plant phytomass. In 

northern Mongolian, spring germination, budding, 

and bolting start later in the forests than in other 

vegetation types. In May, there was almost no 

phytomass on the ground of the forest, but only 

previous year’s decaying litter was available. 

By the end of May only a few species, such as 

Potentilla nivea, Dendranthemum zawadskii, 

Bromus inermis etc. are begin to grow. However, 

because of these plants have short stems and grow 

sparsely, their phytomass increases very slowly. 

At the beginning of June, mesophytes, 

such as Aconitum exelsum, A. barbatum, 

Campanula Turczaninovii, Geranium pratense, 

G. pseudosibiricum, Aegopodium alpestre, and 

Peucedanum baicalense begin growing and soon 

cover the ground, and their phytomass increases 

quickly (up to 40.0 g/m2). During this period, we 

recorded 20 to 30 species of plants in the study 

plots; however the species composition was 

different from year to year. 

In mid summer, between July 10 and August 

10, the plant vegetative organs, stems and leaves, 

reached their maximum size, and subsequently 

their growth stopped.  Many of the plants show 

intensive development of generative organs, 

fl owers and bracts, followed by fruit and seeds. In 

this period, plants with large, wide leaves, often 

on tall stems, cover the ground and phytomass 

reaches its maximum value (156 g/m2) (Table 1).

After August 10, the vegetative organs of the 

large-leaved plants begin to dry up and becoming 

yellowish and the phytomass decreases steadily 

(to 65 g/m2). Although their leaves still stay large, 

they quickly become very light in weight. At 

this time most of the biomass consists of sparse 

bromes and grasses, such as Bromus inermis, Poa 

sibirica, Festuca sibirica, and Carex ensifolia. 

Because these grasses have very strong, fi brous 

roots and resistant leaves, they keep their stems 

throughout the fall and winter. During our study, 

the phytomass of herbs in the larch forest was 

more or less constant (Fig. 1). 

Over the 20 years of study, we revealed a 

decrease in the yearly phytomass production of 

plant. In the fi rst half of the study (1987-1997) 

the average yearly phytomass fl uctuated between 

70 and 88 g/m2, but in the last 10 years the plant 

phytomass decreased. Results of our study show 

that, the phytomass dynamics are affected due to 

average air temperature and total precipitation. 

We related the decrease of the plant phytomass 

with changes of the air temperature and 

precipitation over the same period.  In the fi rst 10 

years of the study, the average air temperature of 

the growing season was constant, between +70C 

and +80C, and the precipitation was plentiful 

during the growing season. But, over the last 10 

Figure 1. The seasonal herb phytomass dynamics of a larch forest (average data of the 20 years; vertical bars 

indicate the range, minimum and maximum)
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years of the study, the average air temperature is 

increased by 0.90C over the growing season, with 

signifi cant increases of average temperature in 

May (1.30C), June (1.760C), and July (1.60C). The 

correlation between decreases in plant biomass 

with increases in average air temperature suggests 

that climate change is impacting the vegetation. 

For example, the lowest phytomass value (43.2 

g/m2) in the 20-year period was measured in 2002, 

a year with very high temperatures (mean value 

+150C) in July, and very low precipitation (35.6 

mm) during the growing season. This growing 

season was the hottest and driest ever recorded in 

the Hövsgöl region. 

From 2002 to the end of the study period, the 

average plant phytomass was lower than in the fi rst 

ten years. In 2003, a year of adequate precipitation 

and optimal average temperature, the phytomass 

is increased over the 2002 value, but only reached 

48.3 g/m2. The phytomass value in 2006 was the 

maximum for the last 10 years of the study, but was 

lower than those in the fi rst 10 years. Also, for the 

last 10 years the plant growth is continued through 

August, later than in previous years. The factor 

that may have positively infl uenced on phytomass 

production is high amount of precipitation early in 

the 2003 growing season. May 2003 had 39 mm 

of precipitation, much more than in other years. 

However, even with these excellent growing 

conditions, the phytomass production was low, 

perhaps due to the lasting effects of the 2002 

growing season. From this we can conclude that 

precipitation is not suffi cient factor to explain 

annual phytomass values. 

The timing of the phytomass maximum was 

very different among the years of the study. For 

example, in 1994 phytomass reached its maximum 

value (145 g/m2) in July. However, precipitation 

was higher in that year than other years (yearly total 

442.7 mm), but most of which fallen early in the 

growing season (23 mm in May, 150 mm in June), 

and the air temperature was warm (+100C). As a 

result, plant development has started and ended 

earlier than in other years. When precipitation 

was high in early growing season as in 1994, the 

high air temperature can lead to the increase of 

phytomass. Figure 2 shows phytomass decrease in 

the Lake Hövsgöl region over the 20-year period. 

Whereas degradation of worldwide vegetation 

cover has been reported since 1970’s (Iwasa et al., 

1996; Kohyama & Shigasada, 1996; IGBP, 1999), 

our research shows the signifi cant degradation 

of vegetation cover in the Hövsgöl region has 

appeared in the last 10 years only. For example, 

the phytomass of plants decreased by 26-30% 

between 1997 and 2007 as compared to data for 

1987-1997. Earlier studies (1981-1985) of the 

fi eld station in Hanh showed a stable or slightly 

increased amount of plant phytomass (Barytskaya 

et al., 1988). We observed decrease in the 

vegetation cover, plant height and phytomass. We 

found that mesophytic species for the area that 

are characteristic of larch forest did not complete 

their growth and development, and they were 

being replaced by xerophytic species. 

Correlation between phytomass amount and 

some weather conditions. The changes in the plant 

phytomass by years were correlated to changes of 

air temperature and precipitation amounts.

In the study area photosynthesis and phytomass 

increase should have their highest values at 

the beginning of the vegetation period, when 

average air temperature is no more than +100C, 

and total precipitation is more than 40 mm per 

Figure 2. The phytomass dynamics of the herb productivity of a larch forest (1987-2007)
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month. However, in recent years the average air 

temperature in July has reached +150C in this area 

(see Table 2), and much of the precipitation has 

fallen too late in the growing season.

Over the study period, average annual air 

temperature and cumulative precipitation have 

both increased, although air temperature shows a 

greater increase than precipitation, with regression 

of 0.739 and 0.011, respectively. Average air 

temperature has increased by as much as 0.90C, 

over the last 10 years.  Over the same period, the 

average phytomass of the vegetation is decreased 

steadily. 

Therefore, average phytomass was negatively 

and strongly correlated to temperature (r=-0.66, 

p=0.002) (Fig. 3A) and not correlated to cumulative 

precipitation (r=0.15, p=0.57) of the growing 

season (Fig. 3B).  

It is likely that the phytomass decrease is not 

related to the cumulative precipitation for any year, 

but to the timing of the precipitation falling early 

in the growing season, which leads to phytomass 

increases.

The phytomass of May has weak positive 

relationship to precipitation (r=0.3), the phytomass 

of June has mean positive relationship (r=0.5) 

to total precipitation. However, relationship of 

the phytomass and air temperature of July, were 

Table 2. Some parameters of the weather and plant phytomass

Year 
Average air temperature in 

growing season, 0C

Total precipitation in growing 

season, mm

Average phytomass,

g/m2

May June July August May June July August May June  July August

1987 +2.6 +9 +11.4 +10 8 47.6 94.3 69.3 40 70.7 174.4 119.2

1988 +3.4 +9.2 +11 +11 32 67.2 57.6 53.2 45 69.9 152.5 133.5

1989 +5.1 +8.6 +11.4 +9.6 32 70.9 70.8 61.6 41 78.4 168.3 120

1991 +4.1 +9.9 +13.8 +12 12 41.6 22.3 118 48 71.1 146.2 80.4

1992 +9.2 +9.8 +12.3 +9.7 21 29.4 59.8 93.2 42 85.2 159.0 100.5

1993 +2.6 +9 +11.4 +10 4.2 40 178 74.1 35 60.3 142.8 118

1994 +5.5 +11 +12.2 +10 23 150 76.8 63.8 42 92.1 173.7 121.2

1995 +2.8 +9.3 +12.5 +11 16 39.5 57.8 98.3 41 79.3 155.1 96.1

1997 +6 +11 +11.6 +11 21 63.2 45.4 73 38 58.3 136.3 99.6

1998 +5.1 +9 +13.2 +12 37 33.3 124 52.2 35 52.5 109.7 73.2

1999 +6.8 +9.7 +13.7 +11 35.9 37.7 70.5 76.6 35 54.1 101.4 65.8

2000 +7.3 +13 +12.6 +12 13 60.2 141 59.3 31 74.8 146.4 56.7

2001 +11 +12 +12.6 +12 42 77.6 59.1 64.5 39 58.0 109.6 57.6

2002 +5.8 +12 +15 +13 16 15.3 71.7 39.8 31 65.3 100.4 46.0

2003 +4.5 +11 +12.3 +9.3 39 23.8 147 117 38 48.4 110.1 94.7

2004 +6.6 +11 +12.9 +10 8 46.7 93 74.9 20 49.3 105.8 74.7

2005 +3.3 +11 +13.7 +12 22 12 86.5 108 35 49 7 92.2 80.6

2006 +2.3 +10 +12.8 +11 6.4 28.3 199 46.2 36 53.8 118.9 86.2

2007 +7.3 +10 +14.6 +13 15 61.2 56.1 64.4 31 52.2 105.2 77.1

M +5.3 +10 +12.7 +11 22.9 49.3 89.3 77.1 36.7 65.2 139.3 74.2

signifi cantly negative relationship (r=-0.66). 

Given the negative correlation between average 

air temperature and average phytomass, continued 

increases in temperature may result in further 

declines in vegetation cover.

Conclusions

In a larch forest in the eastern of Lake Hövsgöl, 

the phytomass of the brome-forb vegetation cover 

has continuously decreased since 1995. This 

phytomass decrease is strongly and negatively, 

correlated (r=-0.66) with the average air 

temperature of the growing season that may be 

a consequence of global warming. Not only the 

average air temperature has increased, but also the 

maximum air temperature of growing season has 

increased by 2.30C over the last 10 years. Over 

the same time span, the average phytomass of the 

larch forest’s vegetation has decreased by 21.3 g/

m2, i.e. by 28%.

These changes do not seem to be related to 

precipitation level. Total precipitation of growing 

season of the Lake Hövsgöl area has remained at 

the same level as that of the long-term average 

or increased slightly. However, much of the 

precipitation has shifted to the late summer, 

after growing season. Decreases in phytomass 
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productivity may be more related to the timing of 

precipitation than its amount. 

Result of 20 years study shows the optimal 

condition for the phytomass productivity of 

vegetation cover in the larch forest of the Lake 

Hövsgöl region is when the average air temperature 

not greater than +100C, and total precipitation is 

more than 40 mm in early growing season (May 

and June). Ongoing global warming changes in 

the timing of precipitation have the potential of 

further reducing phytomass productivity of the 

vegetation cover in larch forests, and changing the 

characteristics of these communities. 
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Хураангуй

Дэлхийн уур амьсгалын өөрчлөлт ургамал 

нөмрөгт хэрхэн нөлөөлж байгааг илрүүлэх 

зорилгоор Хөвсгөл нуурын зүүн өмнөд 

талд орших шинэсэн ойн согоовор-алаг 

өвст бүлгэмдлийн өвслөг ургамлын газрын 

дээд хэсгийн фитомассын хөдлөлзүйг 1987-

2007 он хүртэл 20 жилийн турш судалж, 

тухайн хугацааны хур тунадас, агаарын 

температуртай холбон aвч үзлээ. Судалгааны 

эхний 10 жилээс сүүлийн 10 жилд агаарын 

температур 5-р сард 1.30С, 6-р сард 1.70С, 7-

р сард 1.60С-аар тус тус нэмэгдэж, ургамлын 

ургалтын хугацаанд +300С-ээс илүү гарч халж 

байгаа нь фитомассын хуримтлалд сөргөөр 

нөлөөлж, ургацын хэмжээ 15-35 г/м2 буюу 

23%-аар буурчээ. Энэхүү бууралтанд нөлөөлөх 

хүчин зүйлийн хамаарлыг тооцож үзэхэд хур 

тунадастай 5-р сард бага (r=0.3), 6-р сард дунд 

(r=0.5) зэрэг хамааралтай  байгаа бол 7-р сард 

агаарын температур нэмэгдэж байгаатай хүчтэй 

сөрөг хамааралтай (r=-0.66) байна. Судaлгааны 

хугацаанд Хөвсгөл нуурын өмнөд хэсэгт 

жилийн хур тунадасны нийлбэр хэмжээ хэвийн 

үзүүлэлттэй байгаа боловч хур тунадасны 

ихэнх нь ургамлын хөгжил гүйцсэний дараа 

орж байгаа нь фитомассын буураxад нөлөөлж 

байна. Хөвсгөл нуурын орчимд 5, 6-р сард 

агаарын дундаж температур +100С-ээс илүүгүй, 

хур тунадас 5-р сард 20 мм, 6-р сард 40 мм, 

7-р сард 70 мм-ээс багагүй байхад ургамлын 

ургалт хэвийн явагдаж, фитомассын хуримтлал 

хэвийн буюу олон жилийн дунджийн хэмжээнд 

байдгийг тогтоолоо. 

Received: 17 December 2008

Accepted: 09 March 2009 




