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F1 HRAK DT LRE

— ‘EJ-‘-F—ﬁ]No. £ #No. F)FE¥INo. ) F¥INo. ] FH¥INo. B FH¥INo. F]F ENo. A FE HNo.
—999/7/31___140 175 13.2 6.6 140 144 111 11.4
"771999/8/10 11.8 144 10.1 5.7 11.0 11.3 3.9 9.0

1999/8/20 12.3 13.8 9.0 5.7 9.8 10.0 8.0 8.0
©1999/8/31 10.4 11.3 7.2 5.5 8.4 8.8 7.3 1.5
- T71999/9/11 11.2 122 88 5.6 9.7 10.0 7.9 8.1
~1999/9/20 2.1 3.3 1.8 3.2 45 5.1 5.2 5.7
1999/9/30 1.1 1.9 0.3 1.7 2.5 3.0 3.2 3.7
71999/10/10 0.3 0.9 -2.3 -0.4 -0.2 0.4 0.7 1.3
1999/10/20 ~4.6 -3.4 -51 = -34 -1.7 -0.7 -0.6 0.2
1999/10/31 -5.9 -4.2 -6.2 -4.3 -3.1 -2.1 -1.5 -0.7
1999/11/10 5.1 -5.0 -6.0 -4.4 -4.1 -34 -2.2 -1.5
1999/11/20  -15.1 -11.7 -14.0 -12.0 -9.0 -7.6 -6.0 -45
1999/11/30 149 -13.2 -14.0 =12.0 -10.6 -9.6 -75 -6.4
1999/12/10 = -152 -14.1 -147 -12.8 -11.9 -10.9 -8.8 -7.8
1999/12/20  -20.7 -19.0 -19.5 -17.4 -15.7 ~145 -11.8 -10.5
1999/12/31 —24.1 -21.3 -21.4 -19.1 -18.0 -17.0 -14.0 -12.9
2000/1/10  -33.7 -25.8 -27.7 -25.1 =229 =214 -17.9 -16.8
2000/1/20  -26.3 -23.4 -254 -22.9 -21.7 -205 - -182 -16.9
2000/1/31 -23.0 -21.6 -226 -20.4 -19.9 ~19.0 -17.0 -15.9
2000/2/10  -22.4 -21.3 -226 -20.2 -202  -193  -16.9 -16.3
2000/2/20  -2138 -19.1 ~20.7 -188  -18.2 -17.3 -15.2 -15.1
2000/2/29  -19.0 -15.3 -18.3 -16.3 -16.6 -16.0 -13.6 -14.2
2000/3/10 -140 -11.5 -15.1 -13.5 -135 -12.9 -12.2 -12.1
2000/3/20 -8.4 ~7.4 -11.8 -9.8 -10.1 -9.4 -9.9 -9.5
2000/3/31 -6.0 -52  -86 -7.6 -7.3 -6.5 -15 -7.2
2000/4/10 -5.8 -5.0 -8.3 -6.8 -6.1 -54  -63 -5.9
2000/4/20 0.6 2.1 -3.4 -4.4 -2.9 -2.7 -4.1 -40
2000/4/30 2.0 3.3 -2.1 =3.2 -1.6 -12 . =27 - -28
2000/5/10 3.0 7.3 -0.8 -25 -0.3 0.2 -1.8 1.7
2000/5/20 4.1 80 1.2 -1.8 1.7 2.1 -0.9 -0.9
2000/5/31 13.8 44 -1.3 49 5.2 -0.2 -0.2
2000/6/10 178 75 -09 19 8.1 1.8 1.8
2000/6/20 199 10.3 -04 10.5 10.7 43 43
2000/6/30 17.3 9.5 0.8 10.3 10.6 5.4 55
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&2 R'ﬂ;:ﬁitma)ﬁﬁiiﬂiﬁaﬁz
B BIFEjNo. BIF BJNo. BIF &No. A1 FINo. B F BINo. A1 FiNo. 8] &No. B1SFBJNo.
1999/8/10 115 11.4 1.7 1.6 7.9 8.3 5.1 5.3
1999/8/20 12.1 11.0 - 6.8 16 68 7.1 4.3 46
1999/8/31 10.5- 9.3 5.8 1.6 6.0 62 40 41
1999/9/10 12.1 110 6.7 19 6.8 7.1 42 43
1999/9/20 1.8 29 1.4 16 29. 33 2.8 3.2
1999/9/30 0.9 1.3 00 0.8 1.2 1.5 1.3 1.7
1999/10/10 0.6 -0.3 -1.7 -0.6 -05 -0.1 -0.2 0.3
1999/10/20 -4.8 -2.3 -4.9 -35 -1.8 -0.8 -15  -06
1999/10/31 -5.6 -2.9 -5.6 -4.0 -2.8 -1.8 -2.1 -1.0
1999/11/10 -4.2 -3.8 -46 . -3.1 -3.1 ~-2.6 -2.2 -1.4
1999/11/20 ~14.1 -71 -12.6 -10.4 -75 ~6.1 -6.1 -40
1999/11/30 —146 -9.2 -13.3 -10.6 -9.1 -8.0 -7.4 -5.6
1999/12/10 -14.1 -10.6 -13.1 ~ -110 -9.38 -90 - -81 -6.5
1999/12/20 -19.4 -12.7 -18.0 -156 =130 -11.6 -11.1 -8.8
1999/12/31 -19.0 -13.7 -180  -155 -13.8 -12.7 -11.8 -9.9
2000/1/10 -275 -17.1 -25.6 -225 -18.9 -17.1 -16.6 -13.7
2000/1/20 -23.6 -16.8 -222 -19.4 -17.7 ~-16.5 -15.4 -13.3
2000/1/31 -218 .- -16.4 -20.6 -18.1 -16.9 -158 . —14.8 -12.9
2000/2/10 -19.9 -16.6 -19.2 -16.7 -16.5 -15.7 -145 -13.0
2000/2/20 -18.8 -15.1 -18.3 -15.9 -154 -145 -13.7 -12.2
2000/2/29 -15.2 -14.2 -155 -13.4 -14.1 -13.6 -12.5 -11.5
2000/3/10 -11.9 -12.3 -13.3 -11.3 -12.1 -11.6 -10.8 -10.1
' 2000/3/20 -7.2 -9.5 -10.3 -8.7 -9.8 -9.6 -9.0 -85
2000/3/31 -6.1 -6.9 -8.8 -7.2 -8.1 -7.8 -75 -7.2
2000/4/10 -6.5 -6.6 -9.0 -6.5 -715 -7.0 -6.8 -6.3
2000/4/20 1.4 -1.7 -4.8 -438 -4.7 -4.5 -5.1 -49
2000/4/30 2.2 -0.1 -3.2 -3.8 -2.8 -2.4 -3.6 -3.3
2000/5/10 7.3 3.0 -1.7 -3.1  -16 -1.4 -26 -2.4
2000/5/20 1.7 5.2 -0.8 -2.5 -0.8 -0.6 -1.9 -1.7
2000/5/31 114 8.4 0.6 -2.1 0.8 1.2 -1.2 -1.1
2000/6/10 15.1 11.1 3.2 -1.6 3.2 3.6 -0.6 -0.4
2000/6/20 175 138 5.2 -1.2 5.2 5.6 0.6 0.8
2000/6/30 13.4 11.4 5.4 -0.7 5.5 5.9 1.7 2.1
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FIANEROETHIRE

e

e T T A A A A T T M B B AL LN
T WY U i T -0 S S S S —— e — S O

~1999/8/10 14.1 16.6 144 85 15.0 115 15.3 1138
1999/8/20 15.3 18.0 124 7.2 12.7 9.7 2.9 9.8
1999/8/31 14.0 16.8 10.5 6.8 11.2 8.7 11.6 8.9

71999/9/10 14.6 16.8 11.7 70 12.0 8.9 12.2 8.9
1999/9/20 47 9.2 5.8 5.4 7.6 6.8 8.3 14
1999/9/30 3.2 6.1 34 4.0 5.0 5.0 58 5.7

~1999/10/10 2.1 40 0.3 11 19 2.2 27 32
1999/10/20 -3.6 -1.6 -3.2 -2.2 ~1.1 -0.8 0.1 0.8
1999/10/31 -5.6 -3.1 -4.9 -3.9 -2.9 -2.4 -1.8 -0.8°
1999/11/10°  -44 -4.0 -5.5 -4.2 -4.3 -3.4 -3.6 -2.2
1999/11/20  -147 -106 -11.9 -105 -8.8 -7.7 -7.1 -5.1
1999/11/30 _ -145 -12.7 -12.6 -10.7 -10.6 -8.7 -9.4 -6.5

T1999/12/100  -172 -15.4 -15.3 -13.1 -13.2 -11.0 -12.0 -8.6
1999/12/20 =212 -19.2 ~18.3 -16.0 -15.7 -135 -14.2 -10.6
1999/12/31  -23.7 -21.9 ~21.1 -18.4 -18.6 -15.9 -17.2 -13.1
2000/1/10  -30.1 -26.8 ~26.6 -236 -234 -20.5 -215 -16.8
2000/1/20  -268 -255 ~24.6 -216 -225 -19.6 -21.4 -16.9
2000/1/31  -28.1 ~26.5 ~25.5 -226 -23.2 -20.5 -22.0 -17.7
2000/2/10  -24.4 -238 -236 -208 -22.2 -19.6 -214 -175
2000/2/20  -22.3 -19.3 ~21.0 -189  -19.0 -17.6 -18.2 -15.7
2000/2/29  -18.8 -20.6 -19.8 -17.5 -18.5 -16.7 -18.0 -15.2
2000/3/10 - -13.0 -15.2 ~15.4 -13.6 -14.38 -135 -14.2 -126
2000/3/20 -6.9 -6.8 ~11.3 -10.0 -10.8 -10.4 -10.3 -10.0
2000/3/31 -3.7 -3.3 -7.9 -7.1 -7.4 -7.5 -6.9 -7.3
2000/4/10 -35 -16 -6.8 -6.2 -5.9 -6.2 ~5.2 -5.9
2000/4/20 3.2 3.1 -4.0 -46 -3.9 -46 =37 -45
2000/4/30 34 45 -2.4 -36 =2.2 -3.5 -2.0 -3.4
-2000/5/10 9.0 10.3 0.8 -2.9 1.0 -2.4 1.2 -2.3
2000/5/20 9.1 15 3.9 -2.2 3.9 -1.1 40 -1.0
2000/5/31 13.8 15.5 7.0 -1.3 7.0 0.8 7.0 0.9
2000/6/10 18.3 19.0 9.8 -0.5 9.8 30 9.8 3.1
2000/6/20 20.0 20.6 12.1 1.0 12.0 5.0 12.1 5.0
2000/6/30 15.5 17.5 116 2.4 11.7 6.0 11.8 6.2
2000/7/7 19:8 205 126 3.1 125 125 6.5
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£ 4 BAAETYRE

No.8

‘INo.1 No.2 No.3 No.4 No.5 No.6 No.7
2000/7/10 » 18.8 11.2 3.7 11.7 11.9 6.7 16
2000/7/20 18.8 12.2 34 12.3 12.5 15 75
2000/7/31 14.0 10.2 45 10.9 11.2 7.9 7.9
2000/8/10 15.9 109 47 11.0 1.2 7.7 7.7
2000/8/20 134 9.6 5.1 104 10.8 7.9 8.0
2000/8/31 12.8 9.1 5.3 9.9 10.3 7.6 7.7
2000/9/10 8.8 6.0 42 1.7 - 84 6.5 6.8
2000/9/20 8.3 5.0 39 6.5 7.1 55 5.7
2000/9/30 5.8 2.1 2.3 4.4 5.3 4.1 45
2000/10/10 1.3 -0.8 0.6 1.8 2.7 24 29
2000/10/20 -3.5 =51 -2.3 -15 -0.3 -0.5 0.2
2000/10/31 -7.2 -9.7 -7.3 -5.0 -3.6 -3.0 -1.7
2000/11/10 -8.1 -13.7 -115 -8.2 -6.5 -5.8 -4.2
2000/11/20 -12.2 -175 -15.2 -121 -105 ~9.1 -74
2000/11/30 -14.9 -22.8 -20.2 -16.1 -14.4 -12.8 -10.8
2000/12/10 -16.1 -22.1 -19.6 -16.6 -15.2 -135 -11.8
2000/12/20 -18.0 -23.2 -20.6 -185 -17.3 -15.3 -13.7
2000/12/31 -18.0 -22.8 -20.3 -184 -17.2 -155 -14.0
2001/1/10 -18.8 -30.5 -27.3 -22.2 -20.1 -19.2 -17.0
2001/1/20 - -198 -27.3 -245 -21.9 -205 -189 = -173
2001/1/31 -189 . -237 -21.2 -19.7 -18.6 -17.2 -15.9
2001/2/10 -22.1 -27.3 -24.6 -224 -21.1 -19.4 -17.8
2001/2/20 -20.1 -22.9 -20.6 -20.4 -19.6 -18.1 -17.0
2001/2/29 -15.5 -18.7 -16.9 -16.7 -16.1 -15.4 -14.7
2001/3/10 -12.3 -15.6 ~-14.0 ~13.7 -13.2 -13.1 -12.5
2001/3/20 -6.0 -10.7 -9.4 -94 -8.7 ~9.7 -9.4
2001/3/31 —6.1 -10.9 -9.3 -8.8 -7.9 -8.6 -8.1
2001/4/10 -1.4 -5.4 -6.0 -43 -35 ~5.5 -5.3
2001/4/20 - 01 -4.1 -4.7 -34 -2.6 -43 -4.2
2001/4/30 1.4 -2.7 -3.7 -20 -1.0 -3.1 -29
2001/5/10 4.1 -2.6 -3.2 -1.7 -0.8 ~-2.8 -2.4
2001/5/20 10.7 0.9 -2.3 1.2 1.8 -15 -14
2001/5/31 10.3 3.1 -1.7 35 4.0 -0.6 -0.5
2001/6/10 15.7 6.8 -1.1 7.0 7.4 1.0 1.0
2001/6/20 14.7 7.6 -0.6 7.8 8.2 28 28
2001/6/29 17.7 8.9 -0.1 9.2 9.6 4.1 4.1




£ KAELTHMOAFEGRE

lNo‘.8

s No.1 No.2 No.3 No.4 No.,5 No.6 No.7
"~ 2000/7/10) 13.7 6.9 -0.2 6.9 15 3.1 33
~2000/7/20} 145 78 0.4 78 8.3 3.9 4.2 |
™ 2000/7/31 1.1 1.7 1.4 7.7 8.0 45 4.9
™ 2000/8/10 13.1 75 1.7 5 79 44 47
™ 2000/8/20 1.1 7.3 2.2 5 7.9 4.9 5.1
2000/8/31 10.4 6.8 25 6.8 7.2 46 4.8
2000/9/10] 75 48 25 5 59 42 44
'2000/9/20 15 4.2 2.1 4.7 5.1 34 3.7
2000/9/30 43 2.2 1.8 3.2 3.6 2.8 3.0
2000/10/10 0.6 -0.9 05 0.9 14 1.2 1.7
~2000/10/20 -43 -61  -29 -25 -15 -14 -05
2000/10/31 -85 -9.3 -7.2 5.7 -47 ~4.0 -24
2000/11/10 -9.1 ~13.4 -110 -8.3 ~7.0 —6.7 -47
2000/11/20 -129 -17.2 -142° -120  -107 -9.8 -7.7
2000/11/30 ~14.9 -204 _ -170 ~14.8 ~134  -124 -10.2
2000/12/10 -15.7 -21.3 -180 -154  ~14.1 -13.3 -10.9
2000/12/20 -16.7 -20.0 -16.8 ~16.1 ~15.1 -13.7 -11.8
2000/12/31 -16.6 -20.9 -177_ -16.2 ~15.1 -140 . =120
2001/1/10] - -18.8 ~29.1 -250 -20.9 ~18.7 -18.7 -15.5
2001/1/20 -188 -21.4 -20.1 -19.3 ~18.1 -16.8 -1438
2001/1/31 -17.1 -14.0 ~18.6 -17.4 -164 __ -155 -13.7
2001/2/10 -183 -15.3 -21.9 -195 -182  -175 -15.3
2001/2/20 -16.4 -14.0 ~15.7 -16.3 ~15.8 -145 -133
2001/2/29 -135 -12.7  -13.3 -13.8 -13.3 -125  -115
2001/3/10 -11.38 -12.3 ~12.2 -12.6 ~122 -115 -10.7
2001/3/20 -89 -9.3 -8.8 -97 - -94 -9.1 -8.6
2001/3/31 -7.8 -10.1 -9.6 -9.7 -9.1 =9.1 -84
2001/4/10 -34 -6.6 -5.7 -6.2 5.8 6.1 -5.9
2001/4/20 -1.1 -39 -46 -43 -39 -48 -4.6
2001/4/30 -0.0 -26 -3.6 ~2.7 -2.3 -34 -3.3
2001/5/10 1.5 -29 -32 -26 -2.1 -2.9 -2.8
2001/5/20 5.4 -0.9 -2.6 ~1.1 -0.8 -2.1 -2.0
2001/5/31 7.2 0.3 ~2.1 0.6 1.1 -13 -1.2
2001/6/10 10.2 30 -16 3.1 36 ~0.6 -0.4
2001/6/20] 10.3 38 -1.1 40 45 05 0.6
2001/6/30 12.6 55 -0.6 5.6 6.0 1.5 1.8
) — 59 —
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AERE

BREIZRR 2 FRICR»ZBHTbIELS HOh 5 BB LT, 2 TRBES T D EM
A DBRTh -1, ' |
Hlo, THICER L TRET ABERERIIEA T v v (Adenophora  Stenathina) .
VY HR=L Ty (Companula  turczaninori) . < # 4 <8 (Pedicylalis L.). 1 548
(Anemone L), YZ<2AR (Visia L), #78 (Rhumex L.). ¥ /5 ffhp
(Peﬁtap»hylloidcs fruticosa) R°% 2 ALz Db (Potentilla  spp.) A F 4 D{HRE (Anemone
spp.) REBEL | BRRBEEZE TV, BEORI LY FH o O (Bewla
humilis) 238 TiX 2~3m DY FFOMBME (Salix spp.) & & bICHAL > TEAS
LTINS ZEThHD, YT ANOMEIZBOY Y FIHFIZEL b, BATIEE
FUS DEBIN LARE M5 ORMEHIK (= — A B 235 5N TV B,
TNX VD LIS < 8k LAERIZE—8E 7Y 7H5 <Y (Larix gmelinii) 758
CORRLICERAREL TV D, HEEICHA RBEANELETE - L Th 5,
WHOEIZKERE 7Y T AT~ 85D —8 T H % (Betula platipylla) 73553 L
TWb, MEKRIZIEY~F 5 > (Populus davidiana) . ¥ H A ¥ v (Rhododendron
parvifolium), =% &% (Vaccinium vitis-idaea) 237 b3,
BRE92 2 L ICHRRDILKERNCIZA R EARL Y I XS5 UM ESTAEAERE LN
& Th?,
HBEITRE (B) THYY Y 7R 10, BEEETHL- L b HIHEERS < 49
@\ﬁﬁbtgﬁTﬁ%ﬂKﬁWT§<38ﬁ\MﬂGﬂEQEﬁ%O<&5§%ﬁTH&
REE R T 23/, MEHSHT 100 LR L, |
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-1 EDENEH

No [FAMILY #¥1% (f1%) I ZHE
M%  Equisetaceae
1 2%+ Equiseturn arvense L.
¥J Pinaceae
2. EAVLYS VEY] Larix gmelinii Ledebour.
1+  Salicaceae
3 3y Populus davidiana Dode.
4 Yagab e Salix kochiana Trautvetter. +
5 1 Salix microstachya Turczaninow. +
6 3M)9E30HE Salix viminalis L. +
. B Salix spp. +
IV /% Betulaceae
8 TFhon Betula humilis Scharamk. +
9 Yo Betula platipylla Sukatschev.
37" Polygonaceae _
10 M Rumex acetosa L. CH
1 135419 Rumex undulatum L. + +
12 Lha b5/% Bistorta vipipara S.F.Grey. +
17 %1 Caryophyllaceae '
13 5 vaE Dianthus versicolor Fish. et Link. +
14 YT E Arenaria - capillaris Poir. +
15 T AIE Pseudostellaria sp. +
7% 9% Ranunculaceae ‘ i
16 BLEST S o Halerpestes sarmentosa (Adams) Kom.
17 133979 Thalictrum petaloideum L. +
18 Fvan { Pentaphylloides fruticosa Schwarz. ++
19 NEOVZELD Clematis sibilica Miller.
20 N HFy Anemone sylvestris L. ++
21 kg Delphinium grandifolium var.chinense Fischer. +
22 YITIH 4 Ranunculus japonicus Thunberg. +
23| MY MR Aconitum barbaturn Pers. ++
A U5{J9  Crassulaceae
24 INLENL P Rhodiola rosea L. +
1%/%%  Saxifragaceae
25 AN FY9 Parnassia palustris L. +
N5 Rosaceae
26 Jon tany Potentilla sericea L. =+
27 ¥ LnE Potentilla bifurica L. +
28 93V 0FuN { Potentilla nivea I.. ++
29 - EN )= Potentilla. conferta Bge. +
30 Y1994 Fa Fragaria orientalis Losina-Losinskaja.
31 EIY Sanguisorba officinalis L. +
32 i3 Rosa acicularis L.
33 MJ3TrY 3 Echinops latifolius Tausch. +
4 Leguminosae :
34 AN Trifolium  lupinaster L. ++
35 PR E VAV -] Oxytropis uralensis DE Candolle. +
36 a5 oy Oxytropis filiformis DE Candolle. +
37 Wy Visia tenuifolia Roth. +
38 ITIVY Astragalus mongholicus Bunge. +
7909 Geraniaceae :
39 1F7" 798 Geranium  sibiricum L. S+
40 YR Geranium transbaicalicum Seringe. +
7Y Linaceae ‘
41 COIN Yy Linum stelleroides Planch. +
A3V - Violaceae
42 ARVE Viola sp.
7i0°+  Onagraceae
43 T+ 5y Chamaenerion angustifolium L. ++




£-2 RRENESR

No |FAMILY ###1% (F14) w2 % ; éf’%‘*“’fc —
i {
tJ- Umbelliferae f i ;
44 2 Bupleurum  scorzonerifolium Willd. | ++ | |
5 g Pleurospermum uralense Hoffm. Lo i
1#97%  Pyrolaceae . ! i
46 YAN FAFPhYY Pylora Incarnata Fisch. : Lot
¥9¥"  Ericaceae ; i
47 Tt Vaccinium  vitis-idaea L. +
48 ey Rhododendron parvifolium Adam. i +
#9379 Primulaceae i
49 13998 Primula algida Adms. [+
50 #3953 Androsace filiformis Retzius. : +
Y2} 9 Gentianaceae f
51 by WV Gentiana rmacrophylla Pall. ‘! +
75% Rubiaceae
52 N 753U Galium verum L. |+
53 Fa9tuh753Y0° | Galium verum var.trachycarpum forma album Nakai. +
L3%% Boraginaceae :
54 NV $E Myosotis spp. +
7' Labiatae )
55 Y Lamium album L. +
I3/0\" 4 Scrophulariaceae ‘
56 VIv5/% Veronica linariifolia  Pall. - ++
57 VA VK Pedicularis striata Pall. +
58 Zp kel Pedicularis resupinata L. ++
$11° 1 Plantaginaceae
59 w2 Plantago depressa Wild. +o] 4
F31I¥ Valerianaceae
60 bty ‘Patrinia  sibirica(L) Jussiea. ++
61 “hJayn Valeriana alternifolia Bunge. -+~
¥9L¥Y%  Dipsacaceae
62 YYLYYY Scabiosa comosa L. +
$%39 Campanulaceae
63 I Y Adenophora ~ stenanthina  Kitag. + +
64 VLY i S Campanula turczaninori Fed. +
%) Compositae
65 £439/3%° Y9 | Achillea asiatica o
66 7*#'?5%‘%—/@% Leuzea uniflora (L) Holub. +
67 TR Erigeron eriocalyx(Ldb.) o
68 ok B . Taraxacum leucanthum(Ldb.) Ldb. + +
69 EXET 34 Saussurea  pulchella(Fisch.) ' +
10 MEEL Tragopogon trachycarpus S.Nikit. +
IAlR FI9euRIN /¥ 9 Chrysanthemum zawadzkii Herbich. =+
72 5 y4u%55339 | Ligularia sibirica Cassini. +
73 HIEF Artemisia austriaca L. ++
74 WYITHE U9 | Artemisia frigida willdenow. +
75 I E Artemisia- spp. +
1Y Liliaceae
76 MW Maianthemum dilatatum (Wood)Nels. +
11 WE Allium senescens L. + +
78 WE Allium prostratum Trev. +
1% Gramineae i
79 N g Elymus secalinus (Georgi.) Bobr. ; ++
80 R 735 ¢ Beckmannia syzigachne (Steud.)Fern. -
81 B4 Agrostis mongolica Rosaer. ; |
82| MY Stipa spp. ! ++ |+
83 LRIE Y Agropyron cristatum Gaertner. ++
84 O #/F¢t4/® | Bromus korotkyi Dorb. i =+ |+
85 UAR FFetd Bromus japonicus Thunb. PoH |
|

82 —




#-3 WEZEMER

No [FAMILY ig#n4 (F14) ¥ & ——EE
1% Gramineae ~ P
86 O I LE Elymus sibiricus L. ++ [
87 AR #/7yK 9 | Alopecurus brachystachynus Marsh. + +
88 N RE Calamagrostis macilenta(Griseb.) litv. HoH
89| \;0'7“//’1"}""1’ Festuca ovina L. + | .
90 13778 1Y Phleum phleoides Karstein. _ +
91 Ty N 4 Poa pratensis var.latifolia Reichenbach. + [ ++
WYY9° ¥ Cyperaceae : 1@%4] -
92 958 Eriophorum brachyantherum Trautv et Mey. +++ |
93 ehs” A Carex lanceolata Boott. +
94 Hhery Carex rhynchophysa C.A.Meyer. ++
95 xInyq Heleocharis intersita Zinserling. ++
96 Feon' a5 Carex caryophyllea Latourr. ++
97 PZEVIVU Carex schmidtii Meinsh. +
93 yah925” Carex hancockiana ++
99 B Carex sp ++
19°% Juncaceae
100 1 48 Juncus sp. S
] mEREES] 10 49] 381 23
*AURR (GB) BIEEER HBBRE] +++ 50%<
C:&EH D: #x#k ++ 50-20%
+ 1-20%
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FEHh S 1
SEHS 1
MO 15 % #H oSl B(cXn) Y{(m)
2752w 10 19 3 3
XTIV TS 10 19 . 4.50 « - 2.5
RIS Skd. 8 13 8.5 1.4
BT RSB 9.5 20 9.2 1.8
5|32V 73— 5 8 9 2.2
I A ikcdy) 8 15 '5 5.5] .
NAFYT7HITY 9 16 5.5 6.2
DS P ikdV) g 17 5.4 7.5
A7 hs= 8 12 5 8
10Xy 7RIy 3 8 9.8 9.2
HF 2V H I 8 10 2.5 8.3
RIXZIVTHI=Y 9.5 18 2 8.2
3| A2V THI=Y 9.5 18 2.4 7.2
RIE DS kdV) 4.5 3 6.5/ . 5.8
15|20 7h3=y 7.5 4 7.2 5.8
\ AN TR
Y (m) 10 . i&
9 .
®
o——b- o
7 3] o
° s
5 @ :
4
3 0
2 o 8
)
] 9
0 1 2 3 4 5 6 1 8 9 10

— 90 —

X (m)




HEM R 2

JEHE 2

HO 1 £ B Sinke B(c[X(m) Y{m)
A7 hS2 8.5 12 1 0.5
XTIV T RS 5 5 .4 2
XTIV HI=Y 8.5 6 .7 1.5
D b ikab 6.5 15 .3 2.5
S| 2Y 7RSI 8 18 4 1
|V 7RI | 5.5 9 .4 4.2
HEEDES k&, 10.5 25 5 10
|27 hS52) -8 12 .2 8.4
DN ke, 10.5 22 .5 1
NIEFD NS ) §.5 8 .4 6

BAROHHE

Y (m) 10 —0
9
8
7 o
6 O
5
4 [ /)
3.
(4]
2 20
1 75} O—
0 12 3 4 5 6 8 10
X (m)
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FEHA 3

S 3
NO LG £ # Smhks ZE(cfX(m) Y{m)
ATV 7 RI=Y 7 7 1.3 2.2
IV THI=Y 7 16 2 2
N2V 7RI 7.5 14 1.7 3.1
XV T7HI=Y 8.5 11 2.5 3.1
5|27 RS2 5 12 2.4 3.8
s Ak dP 7.5 11 1 3.2
NAIY7ho= 7.5 18 1.5 3.8
DS bk e 7.5 18 1.2 4.2
NEZV 7RI 8.5 17 7.5 1.2
WAz 7hI=D 8.5 18 . 8.9 2
NS bkl 8 6 8.5 4.5
120297832 6 18 7.5 4.5
13|27 o= 5 10 7 5
BLIE DN k) 6 18, 5.5 8.4
15|y 7H3= 5.5 12 8.7 8.6
1|2V 7HhI=2D 5 5 6 6.8
1M E IV 7RIV 5 8 6.4 2.2
L NOR TR
Y (m) 10
g\
8
. ®
2P ®
6
5 3] \
‘ ®|®
A L5 ‘
3¢ (4
2 o (7] 10)
1 o
0 1 2 3 4 5 6 1 8 9 10
X (m)
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MO 15 2 #H Sy E(c]X(m) Y(m)
HE 27 HS2 10 20 4.2 2.2
AN S ko 7.5 15 3.8 2
32U HI2w 3 3 3.8 3.1
HERDNS B D) 5 8 3.5 3.1
S|P RIS 6.5 10 4.2 3.8
B§797b9?v 7.5 8 3.5 3.2
HER NS ke 8 9 3.5 3.8
3 HZY TS 9.5 12 4.2 4.2
X Y7 H 32w 9.5 10 3.9 1.2
WX 7RSI 7.5 10 ‘3.9 2
NErDUNS ke 14 11 5.1 .5
12| ¥ U7 HS32 8 12 5 .5
13 ¥ 7u7Hhaey 12 13 6 5
EIEe DN k) 14 14 8.8 .4
NN S kD) 8 15 8.9 .6
18]fdK ? 18 8.7 .8

BHAROSHE
Y(m) 10
9
8
7
6 O !
5 4#
21 ]

0 2 3 4 5 6 7 8 9 10
X (m)
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FEHR

REML 5

# Sim

NO S 2xn)  [t{m)
A2 783=Y 14] 14 9 5
A2V 7RI 8 11 .8 9
R D i) 14 29 5 9.2
NEEDRNS A 13 17 5 5.4
s\l ¥2ury ka2 14 23 5 1.2
AEEDEE A, 10 11 .5 1
HES DS 5 A, 14 25 8.5 0.8
NEE DR e, 12 17 9 2.5
NER DR ke, 12| 17 ) 7.8
WwEFz2y7H3= 7 10 .2 1
1Az 7H3=Y 15 35 .8 9.2

RO HE
Y (m) 10
9 2 ©—
8|
(9]
7
6
oL |9
4 i
3
, ¢
1 O+—
[7]
0 1 2 3 5 8 9 10
X (m)




AZrths 6
SEHE 6

X{m) Y(m)

N0 # & #H Sl B
113,308 12 13 2.5 1.8
e A 12 13 -3 4.2
I DY TH ST 0.5 4 2.5 4.2
3R 8 8 8 0.4 8
512808 9 10.5 1.2 8.2
8|38 11 13 2 9
NS hN 12 13.5 2.4 9.4
8|5 9 11.5 3 9.2
| hen 14 20.5] . 5 8.5
10|13 328 12 14.5 9.3 0.5
HFZY7HS2Y 0.5 4 8.9 0.9
12[208 8 11 13 7 1.5
13|28 % 10 11.5 8 5
IEI e P2A) 8 10 0.2 8.5
15|33 oo% 12 13.5 0.8 8.5
18] H 28 14 15 8.8 5.5
1SRN 14 9 6.1
BROSHE
Y (m) 10
(7]
) )
9 -0 L6,
] 5]
N
7
0
6 @
6]
5 ®-
4 06
3
2
o @
1 ‘
|
()
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IX. ErANVEOERE L HARRE
1. ®VIANVEEIX

1) B4, BE, BEERBICERELEFEZERK

HEEHREL LTHYEOREEND—OThotE Ly IAThH, 2L MOALHD
FNEZIT T, 1989 2D REMESNEZ 572, 1990 4 7 B 1281 T OB
IZ R D EEBEENTRDIL, 1992 FEIEHFENHES L, ERXRELY l£ra0
AE@%EJm&f%VﬁW@kaoto

FEEFIEICIE, EEOEFREEL LT 6 BENORIEFAKEENBRESIN.
SIE ATE - BIED RSB RIL LT, T L TBUATEE)., 85, BEBR, %
B, BEOBHRZRLEOERMANENRES SNE, AXECIISEEROEY - BB
ZEIEL, D%& > TCOZEM CTEHRTEMARE2ED D = &%&ELtOEE@E
ZRNTIE, BEAFERRD bR, EHICE L CIREHmUAD L, 4455
BEMIBEBAFRFICEE T, EEEESOFRAIZHE>TH 5,

RRHETIX 191 EN GBI REDBIAE D, TV EOBICI VR Y Lo TV
0V ERFOMBL L bICHIEL, THBHRBMASNE, Tha X 2 BRI L
STHLhTE AR EOEBLELNPARR LIEADT-, L L 1992 FEI3BikthsE
([ZHeta Lcie | BIRAFEORELT 1993 £RE THRE . —BIXERO/SUPHDOERE
BIICETEVIAERT, AV 7 LR, ABEBRESAEEOAELEELT
WD, 1994 FEP G, EIZHERFEED O OERCHABLEN L OBENERICITR
b, BREFIIRLICAELTE TS, LALEEFEOHEMICE bRoTA
ZVHEATEY, THREE CTHEZ/IE LAREBONEPoE L OFEEE
BIEM 2TV B, ‘

Efe  IVAREMEIT—BEE L CKERSLHLED TE/Z, LA L 199 4 6
RITONI ARKSFRE T, AREMKEILERELE, BEERE YOV
YANCRZEMEE T HELNEMNRIL LT, £72 1997 425 B O K FHEEREE 1L, 1990
FELRE 2 #] 8 FOEHCH o IR KB ATF LN FRIZDD D | NHAF ¢ BR
YRELT,

2) B INDEE

/:wwﬁ%ﬁﬁgwﬁ%gﬁﬁﬁ%w77/ HE & BRE) LRSS
THDHHB, INOZFRTLIELEIL. B - B L b VE - BRROEH CHE- S
DRELAETHE, TV INOHEDOH CHLRTHIITAF R FHICH D6 - ©
V7T URBEFITH D, THIXVELDE T@TB%#%@( BERIEY CHERE
1YL WICHAOMER EIf 5REE1TiR > T B,



EHAIRR S FRIZBTATAZA URFOZ KLY - T&FMT%ﬂAﬁﬁfxﬁ%
wmoﬁﬁﬂm RV RTA~IIZHBT T« )=/ Ttk 5600 Th 5, £EH
WHARERIT 1, 580m T, U T /38— RVHTIXNERK 1, 351m OFEHICH B,
,mmmﬁﬁk«mmﬁmsm%ﬁﬁ%yﬁw-7»54mm‘¢%%mmxyﬁ4
WARA & 0 | F@IEDA b 27 27 Vi, 3, 905m IZET B, LERITIT Y o LR,
FENZIL 2500m RO LD EIR B~V T ¢ WARY B B, '
DRELOVERWNIIINSH Y ,KIF#,-MZI‘T VIR DT A— NI LD 7 ),
TOXTDNNV VN EANNNBH D, Fio, ABBEBRRITTN D TR, &
VgL h=FRd B, ELICHRTCTRHEKROFT R, T2, FF
I NA RT3 B, MBLEL, 77 A7 ABITERE 2, 760 ki DEKH TF
BAEEIE < TR &1L 24501 LB IN—Th D, A7 AW 3350 ki, KD 12n 12
EOHEKBTHD, TErINLVWIIEITEWETHIN, FRETFOY LAX T EBHE
CEMEDIC, B SEROBDERDEEZE) ABDETHS, N/ TEROEED <
TS— hVBRA. ANUHAUROTE S, 7 RBOES, F T BRI SR OREH
FET 5,

2) FrIANDKEEESEE

KETEMBEESEIT 40CH EIc2 Y, HERBIR-40CETHEY, EXHRER
50%LL L TORREDOREERETH D, ELAMEROIDICAEL T, @F@W%@m
ARICEHEN, BIRAZ EPREADZIKHBOZVEROANREE T, £2EFHHERS 1580n
Cbih ., BRREEFEOTICHBED THD, VT A~ MUIERHRERET
0. 6CI 72 B RBIEDEEDEH T 5., |
Rk B X & MiF 045 TIZ4ER] 350mm 288 29, = EHIH TIXER 100mm £ & Z
AWRE, BEETIZ, V70— MO BREHKIE. EHEE, BLXUBKEEZ
#1179,

£-1 TUVIANVOAFHRIEE ANEBIOEHRE (REFFAT 191 £ 7 AER)

A 1 2 3 4 5 6 7 8 9 10 11 12 F

%IB°C | -20.9 | -17.1 | -8.0 5 9.8 | 14.3 7 1 8.8 1 -11.6 | -17.3 -0.6

(F 330 4.7 5.4 8.4 |13.9|18.4|21.5|25.2|26.7|229|17.3] 12.3 7.4 15.3

Bk Bum | 4 4 6 8 |14.6| 6 0 |92.7|26.9]|12.0 4 8 239.2

\ (F:3%) | 54 63 102 | 128 | 148 18/1 125 | 137 | 196 | 181 93 56 1460
W\E % | 8L 77 66 52 52 58 65 70 65 64 72 81 67
(F 3R 53 55 58 65 | 68 75 77 75. | 75 70 64 57 66
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3) 1 AN OHIERE | |

SRY THRRHOBEIICH Y, T OHBIILF S REFIC, RERORBITHE Y,
HAER - BREZV LTEBRIChE 5 EILEBIC L > TR S, T IAERE
KRB H Y, EFEEHOEL A« NFURTAZAFEX, BEHOTNVEZAL « I
VERRB L UOBEMOBEE Y INGEENRH D, EEEH - TEX gL, YETHREMN
b TCh o817 PICEARENN, B Y 7TV B L ORE R b b CRIEEDR 58.3%
EEDEILNDD, 2ELORT, EEHEOEES L GEERENRN 8 B, HK
HEOE L L ZRESY 1 8, 7 L TRBEOBERSOBEDES LB RS 1
EEEH TS, | -

4) TV INOEEY

Y ANMERCHELETH D, I 1RIC 1.49 ADARBEL VI EEhE
BENDLELNOL, AARKEFRIIEREL bFITL, TOEEIISESER2
EOBERLTHT—oDABREFBISE TS, TED LS REHOMEMER
T, R LA EROREILE THEE BOROBESE DEMRE L BD
N3, BICFs LV SEVEMIZS 7 FOEFMTHD, 0 X5 BHEED BT
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EFESRET L RUEHECI2 R 3 v AR LTV D, LHICREIEROE
RHERBD D, ZOIEEA LT YREIDORTEDN TS, FHRITIZT L—_Y
—RarETERERBY, EHREEBIZZ ) —ARSICEETRENBABND, HIK
FLBE T, BIOAROBICH < BIRIEDOHIFES B0, 25 LERITEF 3/ (4
H)MBEELTRY, FNTEORREFRDZENTES, UCT VI ATV
B RFHAL AT YT YR EBICEY IV TR D F—F A (27
<) LEBLTNS, |

JEARREEITEY INOEETLH Y, ENRELRODTREANDLES, SbITA
RETLREDIRAF—ITE->TVD, ERICEXHBED—DO—DIZBER5 &,
BRax REEDPORY > TNH I LIZRML, TEOFBR LD TIIA VXX 3 voff
B, =—FNTA ZADOYR2FY UOME, e IZ AL O, VvEavofhiE, F
VIR RAL OBERERHA T, BRATRELUTRONAEYHEHT
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: Permafrost of Mongolia
Introduction

Mongolia’s high altitude and cold climate are excellent conditions for permafrost
conditions. Its first permafrost was formed 1.2 million years ago, the second 600-700
thousand yeas ago, and the third during the upper Quaternary (Gravis, 1975).

Research on Mongolian permafrost has started in the end of 1960's. A
Mongol-Russian geological expedition in 1968-70 resulted in a map of the
‘Mongolian permafrost with a scale of 1:1 500 000.

Permafrost zone in Mongolia and its distribution.

The permafrost area covers about 63 per cent of Mongolia’s total territory.
-The Mongolian permafrost is classified into seven categories: continuous,
discontinuous, widespread, rarespread, sporadic, pereletka, and seasonal
(Figure 1).

MAP OF SRASONAL FREEZIHG GROUNG AND PERMAFROST OF MONGOLIA Scale 1 : 10 009 000

[ 9¢* 100°

HO4” rog*

|VERTICAL GEOCRYOLOGYCAL BELT
Distribution of parmafrost
B3R - Continuoue .permfroert: Eg - Rarespread Permafrost ~ Pereletka permafrost
- Discontinuous permafrost’ [[F{]] - Sporadic permafrost [1- seasonal freezing ground
ﬂm - Wideapi~ead, permafroat
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Figure 1 Map of seasonal freezing ground and permafrost of Mongolia

The continuous permafrost occupies 141000 square km or 9.4 percent of
Mongolia’s territory and distributed in Hangai, Hentein, Huvsgul and the
Mongol-Altain mountain region. The thickness of permafrost is 100-200 m
in lake and river flood-planes and 300-500 m at the 3000-4000 m absolute
altitude. The temperature varies from —1.5°C to —-3.5°C. ,

The discontinuous permafrost occupies 27000 square km or 1.8 per cent of
the countries territory. This category of permafrost is distributed in the
Mongol-Altain and in the western slope of the Huvsgul mountains. The area
of widespread permafrost is 152630 square km (10.2 per cent) and the
lowest boundary starts at 1460-1800 m altitude; the thickness is 50-100 m
and temperature is from -1.0°C to 1.5°C .

The area of rarespread permafrost occupies 190930 square km or 12.2
percent of the countries territory. :

- The thickest 10-50 m and temperature is from -0.5-(-1.0).

The sporadic permafrost is distributed in the steppe of the central Mongolia,
Orhon-Selenge river valley, Lakes basin and in the forest steppe of western
Mongolia. The depth is 5 m and temperature ranges between -0.1 °C and
10.5°C and this type of permafrost occurs in areas with wet loam or loamy

soil.

The pereletka is distributed in the Dariganga plane and Hyangany mountain.
-The seasonal freezing ground is distributed in the southern steppe and the
Gobi and has a depth of 1.7-3.5 m.

Permafrost phenomena

Phenomena such as frost crack, frost heaving, thermokarst, stone polygons,
solifluction, icing, kurum can be observed as a result of permafrost melting
and freezing. ‘

Frost crack: Soil crack is caused by temperature differences during freezing
periods. This phenomena very often occurs in the Darhad depression and
’ . crack depth can reach 10 m (Figure 2).
Frost crack usually forms in loam and
loamy sand soil and has different kind of
shapes, such as rectangles, pentagons.
and hexagons. Small cracks sometimes
occur in loam and loamy sand soil of lake
and river valleys. ,

Frost heaving: Soil volume expands and
piles are formed as a result of freezing.
This phenomena is called frost heaving
and classified in seasonal and permanent
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mounds. Permanent mounds form as a result of continuous freezing and
have ice pits. They occur in the loamy soil of the Halaih, Hangain
depression, Mongol-Altai, Lakes basin, lake valley of the Bayanhongor.
Their height is 2-5m and diameter 50-100 m. Seasonal mounds occur in
permafrost and non-permafrost areas. They are formed during the winter
on locations with moisture saturated clay and loam soil in winter. Seasonal
mounds melt during the summer and are much smaller than permanent
mounds: their height is 1-2m and their diameter is 50-100 centimeter.

Stone polygons and kurum: Soil expands as a result of freezing and
contracts when it melts. As a result of this action stones can come out and
form stone polygons or stone spots. In addition, big rocks break into small
pieces and form kurum under soil freezing.

Thermokats: During the slow process of permafrost melting, at first concave
cups are formed, which get filled by water. This phenomena is called
thermokarst and occurs in the valleys of the Hangai, Altai and Hentein
mountains. As an example the newly formed thermokarst in the Darhad
depressnon is shown in Figure 3 : -

Solifluction: Solifluction
occurs when  permafrost
melts and soil moves or shifts
“along the mountain slopes.

Icing: Two types of icing are
distinguished: soil water icing
~and river water icing. In soil
water icing the water is
S SRR S squeezed out of the soil that
Figure 3. Newly formed thern_xo(:arstintheDarhad depression Sl-lbsequently freezes. 1t is
usually formed near streams
and springs. In urban areas, soil water icing can cause severe damage.
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Clear changes in permafrost phenomena have been observed as a result of
climate change. In the last 10-24 years in the regions of Byrenhaan, the
Husgul mountain, the Theterhyin hollow and Bagahuur, the permafrost
annual mean temperature has increased by 0.01°C per year and the
melting depth has increased by 0.4-0.6 centimeter |

With permafrost Withuot psrmafrost

Figure 4. Current permafrost distribution
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(N.Sharkhuu). The depth of ground freezing in the Ulaanbaatar has
decreased by 20-30 centimeter in last 28 years. This permafrost study
shows that formation of marsh has increased as a result of enhanced
permafrost melting. Some pastures are already converted into marsh.
Permafrost phenomena such as melting mounds, thermocrast, icing occur
more frequently. :

The Mongolian permafrost is thinner, less cold and distributed wider
compared to permafrost in northern Russia, Canada, and Alaska.
Therefore it is relatively sensitive 1o air temperature and human activity.
Permafrost melting depends on vegetation and snow cover, soil type, rock
structure and may other factors. For example snow and vege1cn‘|on cover
reduce the air temperature by 2-3°C.

Impact on Permafrost zone distribution

As stated above the climate change has a noticeable effect on the
condition of the country’'s permafrost. In order to predict the permafrost
change under climate change we used a permafrost index which can be
expressed by the following equation:

F - vTa_l.I'

air T \/’TE 4

Here F,;; is the permafl ost index, T and T*.i: are the sums of negatxw' and positive
averatge temperatures in a year. If the index F,;, is >0 3, the area has permafrost.

In order to calculate the F,; we used maps with average temperatures in the period 1961-
1990. Using these data we calculated the monthly temperature at 904 grid points. The
model output showed that the permafrost area currently occupies approximately 38
percent of Mongolia’s territory. Based on these calculations we made a map showing the
modeled current permafrost distribution (Figure 4). This map is very similar to the actual
permafrost distribution (see Figure 1), and therefore we concluded that the Far is a
suitable input for estimating permafrost distributions in Mongolla

Hence, we used the Fa;, index to predict the permafrost distribution change in the perlod
2040 - 2070 with the CCCM, CSERO, HADLEY, ECHAM and GDLF scenarios.

According these scenarios the area of permafrost will be reduced to 24-28 percent of

Mongolia’s territory by 2040 and reduced even further to 16-25% in 2070. The changes in
permafrost area the percentage of permafrost melted are given in Table 1 and Figure 5.
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Figure 3.2.5. Future change of permafrost distribution by different GCM outputs ( left: 2039,
right: 2069) . : :
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Adaptation measures

Analysing the result of impact assessment of climate change on permafrost and snow
cover some adaptation measures have been considered. These measure are summarized in
Table 2.

 Table 2. Adaptation measures to over came some adverse impact on permafrost and snow cover

No

Impacts

Adaptation measures

1

Melting permafiost and glaciers will increase
surface water at the beginning then after
certain period it will be the major factor for
drying surface water. This effect more
pronounced in Mongol-Altain and Lake basin
in the end of firs hundred years of the next

century.

River or lake protection works should be
introduced. Establishment of new settlement
should be controlled

Decrease of soil moisture

2 Soil can move or shift with its fores;t due to | Studies should be carried out in areas where can
permafrost melting be observed this phenomena and take suitable
' __| measure.
13 Area with marsh and brushwood can be | Should introduce hydrotechnical work to make
: extended in river and lake flood plane which | flow marsh water and claim for new pasture
can lead to decrease arable as well as pasture
and hay land '

4 Permafrost boundary would shift to the north | Take measures to combat with desertification -

when it can result to dlry soils and mten51fy
_desertification process.’

5 In the beginning and middle period of | Improve drainage system, and build protection
permafrost melting groundwater table can | structure under buildings houses and gers -
increase - and would lead damages to
buildings, houses etc. .

6 introduce artificial raining; improve agro-

technological management to improve soil
quality and combat desemﬁcatlon establish
artificial water storage

D.Tumurbaatar. Seasonal freezing and thawing grounds of Mongolia in proceedings of
international on permafrost. Beijing, China. 1993. Vol. 2, pp. 1242-1246.

D.Tumurbaatar. Permafrost in Mongolia. Frozen ground. 1996. Number. 20.

p.é.

D.Tumurbaatar. Permafrost in Khatgal,

Problems

1976. and Darkhan depression.

geography of Mongolia. Number. 19. pp. 97-99.
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As can be seen from this Table the spo:fédic permafrost will disappear during the period
-2000-2040. The other permafrost areas decrease considerably, which continues during the
period 2040-2070.

Table 1. Total area of the Mongolian permafrost in current, 2039 and 2069.

2000-2039

' Permafrost 2000 2039-2069
Area, km’ |Percentage in| Melting, % | Area,km’ | Percentagein | Melting, % | Area,km® |Percentage in
total territory total territory ] total territory
1 |Continuous 141000 9.4 1 139590 - 93 2 136798 9.1
2 |Discontinuous 27000 1.8 3 26190 1.7 5 24881 1.7
3 [Widespread 159630 10.2 15 1356855 9.1 ¢ 30 94980 6.3
4 [Rarespread 190530 12.2 30 133651 8.9 60 53460 3.7
5 |Sporadic 46110 29.4 100 0 0 - - .
Total 978570 63.0 435117 28.0 310119 20.8

Based on these data, it can be concluded that serious changes will be observed regarding
humidity, the surface water balance and the temperature regimes. This indicates that
further studies must be conducted to investigate the effects on water resources and the
vegetation cover, and to investigate the social and economic consequences.

According to the all this results the vulnerability of permafrost to‘c:limké.te: change is
defined as very vulnerable, vulnerably and less vulnerable (Figure 6).

S "
...-w-"«“ ._r‘

'ulnerable

Figure 6. Vulnerability of permafrost to climate change
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Dynamics of Permafrost in Mongolia

NATSAGDOR] SHARKHUU

Institute of Geography Mongolian Academy of Sciences Ulaanbaatar-210620,
‘Mongolia E-mail : Geo-dgv@magicnet.mn

(Received October 30, 2000 ; aécepted January 9, 2001)

Abstract . Recent dynamics of permafrost in Mongolia is studied by the author on the
basis of analyzing trends or changes in mean annual ground temperature and active layer
thickness which have been obtained during long term geotemperature measurements in
more than 10 boreholes located in the Khentei, Khubsugul and Khangai mountain regions.

Permafrost under influence of recent climate warming in Mongolia is degrading by
regional character. However, aggradation of permafrost has only been observed locally in
the Khentei taiga area. Locally, degradation of permafrost is caused by hurnan activities,
especially near cities and mines, because of frequent forest fires.

1. Ihtr‘oductjon

Estimating and foreseeing possible effects of climate changes and human activities
on permafrost conditions, as well as developing appropriate strategies for monitoring
critical parameters over long periods, are now vital part-of long term environmental and
ecological studies in permafrost zone of Mongolia. One of the topics of these studies is
quantitative and qualitative assessments of permafrost development or dynamics, which
are provided on the basis of conducting long term permafrost monitoring. Dynamics of
permafrost can be changed in trends of degradation, aggradation and stability of
permafrost development. To examine the trends or dynamics of permafrost develop-
ment, since 1996 the author conducts permafrost thermal monitoring in more than ‘10
boreholes to. depths of 25-100 m, where ground temperature measurements have been
made 10-25 years ago. Now he is conducting permafrost monitoring in eight areas (or
sites) of Mongolia. In particular, there are Baganuur, Nalaikh and Argalant (3) sites in
the Khentei mountian region, Burenkhan and Ardag (2) sites in the Khubsugul mountain
-region, Terkh, Chuluut and Erdenet (3) sites in the Khangai mountain region. ‘

Thus, based on analysis of the permafrost thermal monitoring data, the objectives of
the paper are to determine dynamics of recent permafrost under influence of climate
change and human activities in Mongolia.

2. Permafrost conditions

Mongolia is the country of predominated high and middle height mountains with
continental climate, which promote occurrence and development of permafrost. Perma-
frost underlies almost two thirds of the country and comprises Khubsugul, Khangai,
Khentei and Altai mountains and surrounding areas. Therefore, there is predominated
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Fig.2. Change of air temperature in various parts of Mongolia.

mountain and arid land permafrost from sporadic to continuous distribution which is
spread along the southern fringe of the Siberian permafrost occurrence.
Figure 1 shows the distribution of permafrost thickness and temperature. It is
~divided into five categories : continuous permafrost (>85%), discontinuous (50-85%),
widespread isolated (10-509%), sparsely-spread isolated (1-109%), and sporadic (<1%).
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Fig. 3. Instrumentation and technique of measuring permafrost temperatures in
boreholes. -

In the continuous and discontinuous permafrost areas, taliks are found only on steep, -
south-facing slopes, under large rivers and deep lakes, and along tectonic fractures with
hydrothermal activity. Outside the continuous and discontinuous areas, permafrost is
found only on north-facing slopes and in fine-grained and moist deposits. Average
thickness and temperature of continuous permafrost is 50-100 m and minus 1-2°C in
valleys and depressions, 100-250 m and minus 1-3°C in mountains respectively. Perma-
frost in Mongolia is characterized mainly by low and middle ice content loose sediments.
Ice rich permafrost is characteristic of lacustrine and alluvial sediments in valleys and
depressions. Seasonal thaw to depths of 2-3m in silty soils and 4-5m in coarse
materials, occurs between May and September. = In non-permafrost areas, ground freez-
ing occurs between mid-October and the end of April. There are wide spread various
cryogenic processes and phenomena in permafrost zone (Sharkhuu and Luvsandagva,
1975 ; Sharkhuuy, 2000). '

3. - Climate change -

Since permafrost is a thermal condition, it is potentially sensitive to climate change
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Fig. 4. Main criteria of permafrost monitoring.

and human activities. Impact of climate on dynamics of permafrost is characterized,
mainly, by changes in air temperature and precipitation for many years. Recent climate
in Mongolia is under influence of global climate warming. However, values of recent
climate warming in various territory of Mongolia are very different. Figure 2 shows
changes and trends of air temperatures in period of 1940 to 1990 in various parts of
Mongolian territory. - According to the meteorological data, mean summer tempera-
tures in the Selenge river Basin, embracing Central Mongolia have increased by only
0.5°C whereas winter temperatures have increased by 4.0°C in the past 50 years. During
the past 50 years, mean annual air temperatures have increased by 1.8°C in the western
Mongolia, 1.4°C in Central Mongolia and 0.3°C in southern and eastern Mongolia.
During the past 50 years, trends of mean summer, winter and annual precipitation have
not been changed practically (Mizhiddorj, 1990).

4. Method

The method of studying dynamics of permafrost is based on long term permafrost
thermal monitoring or repeated measurements of ground temperatures in boreholes.
Permafrost profiles of every borehole must be determined in a detail. Besides, every
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boreholes for monitoring must be installed by certain instrumentation in order to defend
boreholes from human activities or damages and to decrease air convection in the
- boreholes. According to the figure 3, the author has used two techniques of borehole
instrumentation. The first technique is used in conditions, when the borehole has no
casing pipe. In this case, the borehole is not noted from Earth surfaée, where it is
located. The second technique is used in conditions, when the borehole has casing pipe.
Ground temperatures in boreholes have been measured by using thermistors and digital
multimeter. Temperature measurements in certain boreholes are made by the same or
permanent thermistors at the.corre:sponding' depths, and by the same dates of an year.

Figure 4 shows main criteria of determining dynamics of permafrost based on
permafrost monitoring. They include: 1) mean annual ground temperature (t) at a
level of zero annual amplitude (z), 2) depth of active layer or seasonal thawing (h), 3)
thickness or depth of permafrost (H) and 4) gradient of permafrost temperatures (2).
Among them, mean annual ground temperature is the main criterion of assessing
dynamics of permafrost. Qualitative and quantitative assessments of permafrost devel-
opment or dynamics can be made on the basis of comparative analysis of each of the
mentioned criteria. In addition, based on the data obtained, one should make approxi- .
mate calculations for predicting permafrost evaluation near future \Kudrctyavtsev et al.,
1974).

5. Results and discussions g

The main results of studying permafrost degradation under 1nﬁuence of recent
climate warming in Mongolia are as follows :

1) during last 10 to 30 years, mean annual ground temperatures have been risen at

a rate of 0.05 to 0.20°C per 10 years. This value in the western part of Mongolia
is more than in its eastern part. ‘ ‘

2) the rate of temperature change is relatively high on south-facing slopes, than on

north-facing slopes of mountain. '

3) the temperature increase in ice-rich permafrost is less, than in ice- poor perma

frost. . :

4;) thickness of active layers has increased at a rate of 0.5 to 3.0 cm per year.

5) the average geothermal gradient is about 2°C per 100 m deep. However, it

decreases in the near surface due to the recent warming.

For examples, the author takes only three borehole monitoring results, which are
shown in Figure 5.

First borehole for Khentei mountain is located in Baganuur depression, at altitude of
1,340 m. Profile consists of ice-rich clay. The temperature profile shows that mean
annual ground temperature here increases by 0.06°C per 10 years, depth of active layer
and thickness of permafrost decrease by 0.5 cm and 0.9 cm per year respectively.

Second borehole for Khubsugul mountain is located on Burenkhan north fac_ing
slope, at altitude of 1,700 m. - Profile consists of bedrock or mainly of limestone. This
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Fig.5. Dynamics of permafrost in ‘Be}ganuur (a) and Burenkhan (b) boerholes.

temperature profile shows that mean annual ground temperature here increases by 0.15°C
per 10 years, dépth of active layer decreases by 3 cm per year. '

Third borehole for Khangai mountain is located in Terkh valley bottom, at altitude
of 2,050 m. Proﬁle consists of middle ice content alluvial gravely sand and lacustrine
clay down to a depth of 90 m." This profile shows that mean annual ground temperature
here increases by 0.12°C per 10 years. ' ‘ /

In the Khangai and Khubsugul mountain regions, thermokarst and thermal erosion
processes are active. They are direct indicator of recent permafrost degradation.
However, it is necessary to note, that aggradation of permafrost has only been observed
locally in the Khentei taiga area. It is believed that the aggradation results from
increased precipitation there. ' ‘

Local degradation of permafrost is caused by human activities. For example :
During the past 50 years, in the territory of Ulaanbaatar city, mean annual ground
temperatures have been increased by 1 to 3°C and islands of permafrost with thickness
of 5 to 30 m have been completely melted. There were considerable impacts of frequent
forest fires to dynamics of permafrost in certain areas of the Khentei and Khubsugul
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Fig. 6. Permafrost degradation under influence of Baganuur open-pit (a) and Nalai-
kh close-pit (b) coal mining exploitation.

taiga zone, Mongolia. Fire impacts to permafrost degradation in the Khentei taiga zone
are studying by Japanese scientists since 1999. Figure 6 shows considerable degradation
of permafrost under influence of Baganuur and Nalaikh coal mining exploitation.

Baganuur open-pit coal mining operation, especially pumping underground waters
here, caused 25m thick permafrost to be completely thawed in 8 to 10 years and
correspondingly the spring to dry up and the swamp to, drain. Besides, under influence
of Nalaikh close-pit coal mining operation during the last 50 years, permafrost with a
thickness of 50 m has been thawing from below at a rate of 70 cm per year. Its
temperature has increased by 0.04°C per year at a depth of 50 m and 0.02°C per year at
a depth of 15 m (Sharkhuu, 1998). ‘

6. Conclusions

Permafrost, especially sporadic and discontinuous permafrost in Mongolia are very
sensitive or dynamically to climate change and human activities. Factors aggravating
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permafrost degradation are deforestation in the taiga and desertification in the steppe
zone of Mongolia. Therefore, study of the trends or dynamics of permafrost is of both
practical and scientific importance. . ‘
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THE PROPERTIES OF LONG SEASONALLY FREEZING
ALLUVIAL SOILS OF THE ORKHON RIVER FLOOD-PLAIN |
ECOSYSTEM
R.Baatar |

Institute of Geoecology, Mongolian Academy of Sciences.

The soils of the river-plain ecosystems not onl’y support a variety of
‘plants and animals but are also essential in sustaining ﬂ‘ne well-being of some
human 'poptllations. The Mongolian river-plain ecosystems are typically
characterized by\alluvial boggy soils, alluvial meadow soils and alluvial
soddy soils. The geographical distribution of these soils directly influence the
distribution of specific plant communities in these river-plain ecosystems.
The results of our investigations show that chemical, aglrochelmical and
water-physical properties as well as the hydroterﬁnical régime of these soils
very different and these qualities deperid upon soil formation factors, -
including ground water influence. As results of establishment of optimal
~moisture and nutrient elements regime in these soils the plant productivity |

increased 2-4 times.

1. Chemical and agrochemical properties

of soils and it’s fertility.

~ a. The alluvial boggy soils and alluvial meadowish-boggy soils occure
in the near 1tefrac:e depressions of flood-plains (Fig.1), where has regular
ground water influence. There dominated forb-grass-sedge plant
communities. Plant cover is 100% and 60% of them is grass, 30% is sedge,
10% is forbs, 1% is leguminous. There are about 71 plant species. Grass
yield ranges from 43 hkg/ha to 56 hkg/ha. Investigated soils cha;racteljized

by present of 10 cm peat layer at topsoils, lot of moder-coarse organic
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increase (nitrate content achieve to 1-2 ingllOO g), cation exchénge capé«:’ity
is 12-15 mg-e/100 g of soil. Soil reaction is 6,5 in derno horizon and weakly
alkaline (pH=7,2-7,4) in lower part of profile. Carbonate accumulation
layer is lack within soil profile. Potential fertility of sodldy soil is not high,
because the low content of available plant nutrient element a‘nd} deficiency of

soil moisture strongly limits plant growth.

2. Water-physical propefties and hydrothermical

regime of alluvial soils

Boggy and meadow soils clharécterized by relative heavy texture:
content of clay fraction is 15-23%, silt is 70-80%, fine and very fine sand
content is 5-10%. There is absent coarse sand and very coarse sand. But
soddy soils characterized by light texture: content of sand is 50-60%, silt is
30-40% and clay is 2-8% (Fig.2A). Water physical properties of boggy and
meadow soils maximize “water.ljptake, water holding capacity. Bulk density
of this materials is 0,6 g/lem® in peat layer, and 1,1-1,2 glem® in humus
horizon. Particle density is 2,1-2,4 glem®, and gygroscopic water ranges
from 5% to 8%. The wilting point water ranges from 9% tq 12%, field
moisture capacity rangesﬁ from 18% to 32% in humus horizon of these soils
(Fig.2B). but soddy soils has low water uptake and water holding capacity,
espcially, in under humus (A) horizon part of profile.

The studied soils have following distribution of partical sizes of soil
aggregate expressed as percentages: Aggregate, with diamefer more than 1
mm make up is 50-68% of soils, 30-40% of them is aggregate with diameter
1-3 mm, and 60-70% of them is aggregare with diameter more than 3 mim.
~ Also aggregate of meadow soil characterized by better water stability than

boggy soils aggregate. According to the data of stationary observation

— 133 —



matter in humus horizons, and strongly clear glay layer at low part of soil
profile. Also observed many ohric spot and iron, manganese concrepltions in
profile. Content of organic matter in topsoil is highest (19-28%), and humus
content ranges from 8% to 10% in humus horizon. The cation exchange
capacity is highest (39-61 mg-e/100 g) and 70-80% of them is calcium
cation, 20-30% is magnesium cation. Content of total nitrogen is 0,34-
0,78%, and easily hydroﬁlyzable nitrogen content is 7,8-9,6 mg/100 g.
Ammonium nitrogen content is 2,6-6,4 mg/100 g. The investigated soil
contains low amount of nitrate nitrogen (0,6-1,2 mg/100 g). Soils resaction is
neutral (pH=6,8-7,3). Boggy soil is non calcareous. Available phosphorus
content is 4,0 mg/100 g and potassium content is 12-20 mg/100 g. as a
results of the biogenic accumulation of chemical elements the total content
of such elements as phosphorus (0,24%), manganese (0,11%), sulfur
(0,23%), sodium (3 5%), titanium (0,7%) are hlghest in boggy soils and
meadowish-boggy soil.

b. Ordinary alluvial meadow soil distributed in central plane part of
flood-plain in moderate soil moisture condition (Fig.1) under forbs-grass
piant community. Plant cover is 100% and 40% of them is grass, 40% is
forbs, 5% is leguminous, 15% is sedge. There are 70 plant /species and grass
yield is 41 hkg/ha. These soils have well developed (thickness of soil profile
ranges from 1,5 m to 2 m) soil proﬁle which consist from (A) humus
accumulative horlzon, (B) transitional horizon and (&) sgﬂ formation parent
materials horizons. Thickness of humus horizon is 50-60 cm.

Organic matter content is 19%, and humus content in this horizon is
16,3-8%. Resourse of organic matter in 0-20 cm topsoil is 350-380 ton/ha and
‘sometimes achieve to 400-450 t/ha. Ratio of humic and fulfic acid is more
than 1,0; total nitrogen content is 0,3-0,4%; available phosphorus content

4-5 mg/100 g, potassium is 13-22 mg/100 g; easily hydrolyzed nitrogen is 3-8
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mg/100 g; nitrate nitrogen is 0,3-0,8 mg; ammonium nitrogen is 2-4 mg per
100 g soil in humus horizon of this soil. Reaction is neutral (pH=6,8-7,2) in.
soil surface (in derno horizon); weakly alkaline (pH=7,9) in humus horizon,
and alkaline (pH=8,6) in carbonate accumulative horizon. Cation exchange
capacity of investigated soils is 26-30 mg-e/100 g and well saturated by base
(Ca, Mg). Content of carbonate ranged from 2% to 5%. The water soluble
salt content in this soil is Iowerk(0,7%) and chemical composition of them
characterized by calcium-magnesium-bicarbonate type of mineralization. As
~ a results of hydrogenic accumulation the total content of calcium (3,5-8%),
magnesium (3,0%), and iron (6-7%) are highest in studied soils. The‘ data
preskented herein indicate that alluvial ordinary meadow soils has high
_ potential fertility.

c. Alluvial soddy (derno) soils arranged on the éc:roll part or in near-
ancient and present (current) bed of a river areas, wherek is well drainage
condition and lack ground water influence (Fig.1). In this area also occure
the heathed (drained) meadowish-soddy soils. Investigated soils developed
undef carex duriuscula; forbs-elymus chinensis plant communities. Plant
cover is 70% and 50% of them is grass, 10% is forbs, 10% is sedge. There
are 40 plant species and grass yield ranges frofn 8 hkg/ha to 28 hkg/ha
dé]pending on climatic conditions. Morphological properties of studied soils
characterized by shallow humus horizon (A+AB=15-20 cm), under which
formed different textural alluvium (sandy-coarse) deposits. The investigated
soil contains 1,8-2,4% huinus,»total nitrogen content is 0,12-0,14% total
content of phosphorus is 0,11-0,16% and potassium is 2,7-3,2%. Available
nutrient element content is lowest against total their contents is highest..
Nitrate nitrogen content is unstable and depending on character of
precipitation. For example in arid condition it’s content is low (0,2-0,3

mgllOO g) and under condition of a damp year the nitrate forming capacity
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conducted on the flood plain soils of the Orkhon River, the period of it’s
freezing last from the middle of October to the beginning lof March, (ranging
- from about 150 to 200 days). The depth of soil freezing in these areas ranges
from 1,5 m to 4,5 m, depending on it’s location in the surrounding landscape.
The thawing of alluvial soils can véry considerably. These variations are
dependent upon soil type, soil texttire, soil moisture levels, as well as soil
formation conditions; e.g., the depth of thawing for boggy soil is 10 cm in
May, 60 cm in June, and 80 cm in J uly. In contrast, alluvial meadow soils
thaw at higher rates than boggy soils. The maximum temperature totals,
(>10°C, at a depth of 0,2 m), are: 100°C to 320°C for boggy soils, 400°C to
500°C for meadow soils, and 1150°C to 1250°C for soddy soils (F ig.3).

* Soil moisture is highest in boggy soils, distributed in the periphery and
lower part of the flood plain. Soil moisture is optimal in meadow soils,
located primarily in the central part of the flood plains. Soil moistﬁre is
fairly is deficit in soddy soils distributed in the scroll part of the flood plains.
As result of long term field experiments for the establishment of optimal
moistuﬁre and nutrient elements regime in these soils the plant productivity

increased 2-4 times (Fig.4).
Reference

R.Baatar Properties, Regimes of River\ Plain Soils of Northern

MOthli‘& and Methods of their effective use-Moscow, 1993, 136 p.
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PROPERTIES OF DARK CHESTNUT SOILS
(USTIC MOLLISOLS) OF THE MONGOLIAN
REGION

R.B:aatar,._ S.E.Williams and J -Amgalan
ABSTRACT

The results reported herein are a 4result of years of work by the senior
author who has conducted investigations of chemical, agrochemical, sojl-
water relations and fertility of some soils of the Mongolian Steppe.

The potential fertility of loamy dark chestnut soils is high because of
their high humus content, capacity of the absorbing soil complex, total
content of macro- and microelements, nitrification potential, water holding
c:ipaéilty , of the soil, favorable PH and favorable composition of water
soluble salts. However, the actual fertility of these soils is variable because
- of the mobility of certain constituents particularly potassium, phosphl(v)rus,‘
nitrogen as nitrate and sojl moisture. | | ‘

Dark chestnut soils with diffuse carbonates haVe, amdng the chestnut
soils of this region, the highest accumulation of carbonate. The conditions
for this accumulation are very specific and knowledge of conditions and
mechanisms for éc:cumudation is necessary for resolution of theoretical and
practical problems related to these soils. | ‘

- The establishment of optimal water in these soils is essential to |
\inc1reasim'g soil fertility and plant yield. Where water content of soﬂs‘ has
been optimized experimentally, ‘biological activity of soils is increased,
available forms of phosphbrus,. potassium and nitrate nitrogen are increased,
and wind erosion is decreased. Such additions of water are also effective in

leaching carbonates,
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INTRODUCTION

The Mongolian grasslands occupy a significant proportion of the
Asian Steppe. They occupy the region bounded essentially by the Da Xing
An Ling (Mountains) to the east, the Huang He (River) on the south, the
Gobi on the southwest, and the mountains of central Mongolia on the West
(Hangai and Hentii Mountéins).. On the north, the grasslands grade into
i forest at approximately 50° north, which also corresponds approximately
with the northeastern border of the Country of Mongolia. This area is
identified further because it is undergirded by Chestnut soils (Mollisols)
which are typical grassland soils characterized by relatively high content of
organic matter and high nutrient content in surface horlzons In Monngolla
these grasslands cover mush of the Eastern third of the nation including the
Aunag<. of Eastern, Sukhbaatar, the southern parts of Hentii and Central,
- and the Northern parts of both Middle and East Gobi. In China, the
grasslands occupy much of the province of Inner Mongolia (Nei Mongol),
particularly that portion of 'lthe province which lies north of the Huang He,
east of the Gobi (desert) and west of the Da Xing An Ling (mountains).

o Temperate grasslands, specifically those on Cheétnut soils (Mollisols)
throughout the world have been typically converted to ihtenSively managed
farmed areas focused on principally grain production. The grasslands of
North America have certainly been converted to lntentswe aglrlculture, the
Patagonia of South America is being converted and must of the Asian
Steppe, particularly in the western sectors, has been converted. The
Mongolian grassland is unusual in that only a small percentage has been
converted to intensive agriculture, most of this being in China. In Mongolia,
the grasslands are princ:ipally used for grazing. Only very small areas have

been converted to small grains.
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The eastern Moﬁgolian Steppe is one of the principle areas, which
s:uppo:rt animal husbandry in the Country of Mongolia. The vast majority of
domestic animals in this iegion are tended by seminomadic herdsman who
cycle herds of cattle, sheep, goats, camels and horses from one pasture to
another, often utilizing the same locations year after year. This land usage
has the potential to give way, at least in part, to intensive agriculture. The
use these grasslands in Mongolia are of ma]or economic concern to the
country and the region. o |

The Mongolian Steppe is dominated Chestnut soils (Mollisols)?. In
Mongolia, thése soils are divided into three subtypes: (1) dark chestnut, 2)
chestnut, and (3) light chestnut soils. In Mongolia, these occur from north to
south, respectively, and each makes up three soil subzones in the large
relatively flat part of eastern Mongolia. These three Zones are strongly
correlated with annual pre(‘lpltaitlon The dark chestnut soils are further
divided into four groups: (1) common or meal-carbonated dark chestnut soil,
(2) dark chestnut soil with diffuse carbonates, and (3) non-calcareous (low
carbonate) dark chestnut soils. |
| The objective of this paper is to describe the general morphological,
chemical, agrochemical, physical propertiés that control water availability

and microbiological properties of the common dark chestnut soils.

MATERIALS AND METHODS

The Chestnut soils of Eastern Mongolia occupy that area between 46°
‘and 48° North énd 110° and 118° East.rThe soil described herein is from
Eastern Mongolia plateau. | |

The soil characterized in this paper has been char‘acterized\ using

Mongolian field and soil testing methods. These methods are similar to those



used elsewhere in the world. Field investigations have been conducted
throughout almost the.entiré territory of the Eastern Mongolian Steppe (in
the Aimags of Eastern, Hentii, and Sukhbaatar). During the | field
investigations, soil formation factors and morphological properties were
studied. Saﬁlples were taken for laboratory analysis from numerous genetic
horizons of the soils as well as from parent materials and bedrock (Baatar,
Dorjgotov and Hl‘,hlg]argal)

Station investigations were conducted at the state farm at _H:alhiih-gol in the
- eastern part of the region of eastern Mongolia and in the central portion of
the region at Tumentsogt. Sf:ation investigaltions included study of
avaﬂabﬂity and bio cycling of the nutrient nitrogen, phosphorus and
potassium, as well as the impact of mineral fertilizers on plant yield (1,6). In
this region, maps showing nutrient element distribution have been generated.
These maps héve been used as the basis for studies using mineral fertilizer to
increase plant yields at Tumentsogt, Chandgana, Ha]_h-gbl, Undur-Haan,
Herlen and others (4). | ‘

Soil testing was conducted according to Mongolian standard Soil
testing Procedures (UST). Determination of total content of macroelemeht_s
was dbnae using proéedure UST-Ne 3307 (5). |

Determination of total and available content of microelements was
done using procedure UST-Ne 3308, chemical composition of water soluble
salts was done using pfocedm:e UST-Ne 3309, and agrochemical properties
of soils (soil organic ‘ma1tter, carbmnafe, total nitrogen, ammonium nitrogen,
available potassium and phosphorus, exchangeable cations and others) was
done using procedure UST-Ne 3310 (5). The methodology bf Kachinskii was
used for determining soil texture. The chemical compounds of phosphorus
and potassmm desorbtion coefficients were determined usmg methodologles

of Ginzburg-Jacson Antleva-Karataeva, respectively.
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RESULTS AND DISCUSSION

The investigated soil consists of three major horizons: A, B, and C. In‘
the Mongolian Steppe, well-developed soils usually have A AB, B, BC, and
C horizons. The A horizon typlcally has a dark, chestnut colored humus
ennched hmnzon 20 to 30 cm in depth. This horizon typically has a medium
loamy texture, granular structure, a clear lower boundary, many plant roots,
but lacks carbonates. The B horizon has a light brown color, medium loamy
”te,xture, granular structure, meal carbonate whnch is free of gypsum and
other salt ac cumulatloln layers The C horizon is composed ) mostly of coarse
material and sand. ' ,

The chemical analysis data (tables 1, 2 and 3) show that the studied
soil has relative more (3 to.4%) humus than other chestnut soil subtypes. The
soil has a ré.tio of humic and fulvic acid which varies from 0,7 to 1,0; cation
exchange capacity of 18 26 mg/100 g soil, which is wéll saturated with bases;
the humus fraction is composed primarily of humic and fulvic fractions.
Much calcium is bound to these fractions (Baatar, 1984).

The studied soil contains 2 to 16% carbonate. Of this 70 to 80% is
calciuin carbonate, and 20 to 30% magnesium carbonate. Usuz_i]]ly chestnut
soils are formed on parent material containing éa.rbonaté, and consequently
have a well developed B, horizon. However, in the study region the dark
chestnut | soils form on non-carbonate paréntf materials, but still is

characterized as having a well-developed B, horizon. This phenomenon may
/be: the result of interaction between exchangeable calcium, magnesium,
formed during weathering of high calcium and magnesilurn crystalline parent
materials and biological - generated carbon dioxide and consequently
carbonic acul could provide carbonate anions which would result in calcium

and magnesium carbonates formation (1).
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Calcium and magnesium carbonates of the B, horizon play an
mlportant role in formation of hydrological and agrochemical pr«)pert]es of
humus. These base generating carbonates buffer the soil system against
ge-neratlon of acid with the resulting solubilization of organic matter,
leaching of exchangeable cations, and nutrients from the humus layer as well
as the soil as a whole. |

However, presence of large amounts of carbonate in humus horizons
or if the B, horizon is to near the soil surface is not desirable for the growth
of plants. The result of these circumstances is that plant root distribution
and depth as well as below ground biomass are restricted. This may also
result in formation of a humus horizon, which is shallow. Irrigation does has
the possibility of increasing both soil moisture and biological activities of the
soil. The resulting incréase in carbonic acid in the soil pores will t Iransform
calcium carbonate in water soluble calcium bicarbonate (Ca(HCO,),).

Reserves of ash elements in 0- 20 cm surface horizon are high: Si-820,
Al-188, Fe-70; Ti-7,5; Ca-46; Mg- 4 7; K-69; Na-49; Mn-1,0; P-3,0; 'N-3,9;
carbon of humus (organic carbon)-49,6 tons/ha (Table 1). The total content
of principle nutrients elements are equivalent to meadow soils and
chernozems: nitrogen content-0,25%, phosphorus (P,05)-0,18%, potassium
(K,0)-3%. The nitrogen content is variable, but under optimal conditions it
reaches 2 mg/100 g soil. Total contents of microelement are Mn-320; Cu-20;
Zn-25; Co-13; Mo-2,5 ppm (1). Reaction of soils (pH) is middly alkaline in
humus horizon (pH=7,3 to 7,5) and moderate a]k:ali‘ne (pH=7,5 to 8,2) in
calcareous horizons (Table 2).

The content of water soluble salts of the investigated soil is very low
0,8 to 0,16%) and has calcium-magnesium bicarbonate type of

mineralization (Table 3). Since sodium carbonate (Na,CO;) and potassium
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carbonate (K,CO,) are nearly absent from this soil, it considered to provide |
excellent habitat for plant growth.

The species and numbers of mlcroorgan isms in studled soil a}ppear to
be concentrated in the lower part of the humus horlzon, where is more soil
momture than in the dry surface (2).

Physical properties of the humus horizon of loamy dark chestnut soils
maximize water uptake water holding and availability to plants. Bulk
. density of this materlal ranges from 1,1 to 1,3 glem®, and particle density
from 2,3 to 2,5 glem®. Hydroscoplc water (31 atm) varies from 2 to 3%,
wilting point water (15 atm) from 3 to 5%, and field moisture capacity (0, 33
atm) from 18 to 22%. The studied soils have following dlStl‘lbl]lthIl of
- particle sizes expressed as percentages: 1 to 0,25 mm diameter particles
~ make up is 6 to 10% of the soil; 0,25 to 0,05 mm particles is 32 to 42%; 0,05
to 0, 01 mm is 11to 19%; 0,01 to 0,005 mm is 6 to 12%; 0,005 to 0,001 mm is

9 to 13% and less than 0,001 mm is 12 to 18%. |

| The data presented herein indicate that dark chestnut loamy soils of
this region has high potentllal fertility. This potentlal cannot be fully utilized
because the low content of available plant nutnent elemenlts and dehaency
of soil moisture strongly limits plant growth.

The investigated soil has the following content of available nutrient
-elements: Mn is 45; Cu is 5; Zn is 0,2; Co is 2; and Mo is 0,1 ‘prpm. Nitrate

Nitrogen is 0,3 to 0,8; ammonium nitrogen is 2 to 4; and K is 15 to 25
mg/100 g. in addition, we think postulate that under conditions of low soil
moxsture, f(‘l‘tllllel‘ phosphorus or phosphorus from the available indigenous
pool becomes less soluble and thus unavailable to plants because they will
precipitate as insoluble forms such as Cag(PO4)2, Mgs(PO“)2 and FePO,.

This is caused by the somewhat alkaline reaction of the soils (pH=7,3 to 8 2

— 144 —



in the soﬂ profile), and by the presence of bl'carbonates of calcmm and
magnesmm in the soil solution (3).

~Also results of studies of potassium desorbtion coefficients and
mineralogical analysis of clay fraction show that the inve:stigafed soil has
high (850 to 900 kg/ha, in the 0 to 20 cm surface horizon) reserves relatively
-unavailable forms of potassium. It is possible for this to become available to
plants in optimal soil water conditions.

Because this soil has high content of such minerals as mica, hydro
mica, and biotite, it contains mush potassium (3).

The avallablhty of nutrient elements (mamly N, P and K) i in the
studied soil is dlrectly proportional to the level of soil moisture. This
situation further underscores the necessity of optimal soil water for
mobilization of nutrients into the soil solution

Soil moisture is hlgh]ly variable in this environment because it is
dependent on precipitation. In this region, spring and early summer often
‘molsture deficient. Dry-land (non-lrngated) managed crop yields in this
region are highly variable and relate strongly to annual precipitation. Wheat
yields range from 7 to 15 cenlner (700 to 1500 kg) per hectar and grass yield
from 10 to 18 centner per hectar. Field experiments conducted in this region
show that wheat yield increased 3 to 7 centner (300 to 700 kgf) per hectar as
result of application mmeral fertilizers (4). The effesct of fertilizer depend{s on
soil moisture sufﬁeiiency in spring and early summer seasons. |

High wind speeds and dry conditions in the spring and early summer
enhance the possibility of wind erosion. In this process the fine individual silt
and clay particles, soil organic matter are taken up by the wind and blown
out of the field. Incultivéted fields this soil loss due to wind erosion is
particularly injurious because using tradition technology, results in no plant

matter on the soil surface to retard wind erosion.
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The problem of very dry spring and early summer, thus, creates

- numerous problems for cultivated agriculture in the Mongolian Grasslands.

We propose early winter irrigation as a suitable method of establishing

optimal soil moisture regime in the Mongolian Steppe environment. This

irrigation should be immediately before freezing of the soil surface. Water

- applied during this time will become available in the spring and early

summer of the next year, and will play important role in increasing soil

fertility and plant productivity, biological activity of soils and decrease wind

erosion.
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9:55-10:15 FOREST FIRE IMPACTS TO MONGOLIAN PERMAFROST
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1.  Obihiro University of Agriculture and Veterinary Mediate
9 Institute of - Low Temperature Science, Hokkaido Univ.
3. Institute of Geography, Mongolian Academy of Sciences

In northern Mongolian regions, bereal forest termed as Taiga develops widely and underling permafrost
is also distributed. Taiga and Permafrost is in the co-existence relationship as well as Siberian Taiga,
where annual precipitation is as low as 200 — 300 mm/year. The low amount of annual precipitation may
not permit to develop the Taiga in general However underlying permafrost impedes the downward water
percolation and maintains some degree of water content in upper soil layers. Once Taiga severely is
disturbed by forest fire, then the surface heat budget may loose its balance and permafrost tends to thaw.
Thawing of permafrost leads the drying of surface layers associated with salt concentration process. Low
water content in surface soil and salinization of soil may result in the interference of re-generation of forest.
In 1995, north-eastern Mongolian regions were affected by severe forest fire. Aiming the integration of
forest re-generation process, on-the-spot investigation was conducted in Khinty Mountain region. The soil

characteristics of burned and non-burned area were investigated. Thermal conductivity of soil was
obtained. Temperature profiles of scils layers were monitored by means of data loggers. Fire impact to
permafrost degradation due to changing thermal regime was indicated by the temperature profiles at
various locations. In fired areas, permafrost becomes non-permafrost condition at the south facing slope,
but permafrost maintains at the north facing slope.
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Abstract : In northern Mongolian regions, boreal forest termed as Taiga develops widely and
underling permafrost is also distributed. Taiga and Permafrost is in the co-existence relationship as
well as Siberian Taiga, where annual precipitation is as low as 200-300 mm per year. The low
amount of annual precipitation may not permit to develop the Taiga in general. However under-
lying perrnafrost impedes the downward water percolation and maintains some degree of water
content in upper soil layers. Once Taiga severely is disturbed by forest fire, then the surface heat
budget may loose its balance and permafrost tends to thaw. Thawing of permafrost leads the drying
of surface layers associated with salt concentration process. Low water content in surface soil and
salinization of soil may result in the interference of regeneration of forest. In 1996, north-eastern
Mongolian regions were affected by severe forest fire. Aiming the integration of forest regeneration
process, on-the-spot investigation was conducted in Khentey Mountain region. The soil characteris-
tics of burned and unburned area were investigated. Thermal conductivity of soil was obtained.
Temperature profiles of soils layers were monitored by means of data loggers. Fire impact to
permafrost degradation due to changing thermal regime was indicated by the temperature profiles at
various locations. In fired areas, permafrost becomes non-permafrost condition at the south facing
slope, but permafrost maintains at the north facing slope.

Relief of Mongolia and Climate

Mongolia is located in east central Asia. - On the west, south, and east it borders China and
on the north the Russia. The Mongolian territory lies between 42 and 52 north latitude. It
covers 1,566 square kilometers, with extreme distances north to south of 1,259 km, and east to
west of 2,392 km. While its elevation is 1,580 m above the sea level, the nation has general
conformation of a saucer, tipped higher in the northwest and lower in the southeast. Northern
part of Mongolia includes considerable forest and mountainous terrain, as well as fertile steppe ;
therefore both livestock and human population to a large extend, concentrate in the northern
third of the country. ’

Annual precipitation, mainly in the formn of summer rain, ranges in different parts of the
country from 10 to 400 millimeters. Light snow, combined with extreme cold, results in a
considerable belt of permafrost. The temperature range is wide ; at Ulaanbaatar, about midway
between mountains and desert,‘average temperature for January is —28°C., and for July 18°C;
extremes of temperature are much greater. Fig.1 shows the air temperature change on an
annual average basis from 1940 to 1999 near Boyant Airport at Ulaambaatar. It found warming
tendency for air temperature over 60 years, but the effect of global warming could not be
considered from these data. Apparently low annual average temperature blow freezingipoint
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proves the possibility of permafrost area. As well as the temperatures, annual precipitation at
Ulaanbaatar was shown in Fig. 2. The fluctuation of annual total precipitation was found to be
very remarkably wide, hence it is supposed to have strong relation with forest fires and fire
fighting work. In Canada, there is a interest report about climate change according to the

decreasing of solar energy for January through April (Cutforth 2000). The detail analysis will be
waiting for later.

Mongolian permafrost and forest

The high altitude and cold climate are excellent conditions for permafrost conditions.
Permafrost area covers about 63 % of the total territory. The continuous permafrost distributes
in Hangai, Hentei, Huvsgul, and the Mongol-Altain mountain range. The Mongolian forest
covers these area, Hangai and Khenei mountains connecting with SiberiaTaiga belts. Coniferous
trees, such as the pine and birch are commonest there and the pine forest includes almost larch
(Larix dahurica). There is a close relationship for distribution map between permafrost and
forest cover owing to low temperature, less rainfall and water capillary rise from active layer in
permafrost zone such as Siberia taiga (Uemura 1997).
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Forest fires in Mongolia

Among the chief causes of forest fires are careless smoking ﬁegleczted campfire and lightning
(Chandrasekhar 2000). Inthe case of Mongolia, it is said that the chief causes were due to human
activities such as neglected campfire by hunters in the forests. In 1996, the large-scaled forest
fires occurred from March to June during four months. The first fires started under the dry
condition in the Dornod province on February 23. The strong warm wind in April spread the fires
in the forest -and prcurle toward many provinces. Finally the summer rainfall stopped the forest
fires in June and government spokesman pronounced the finishing of the fire fighting on June 17.
Then the burned area was estimated about twenty three million hectares approx1mate1y
Government of Forestry showed the forest area damaged by fires in Mongolia from 1980 to 1996. -
This year forest fires was seemed to be serious disaster whatever it experienced in Mongolia. In
addition, Fig.1 shows the distribution of forest areas _damage:d by fires in 1996. The serious
damage due to forest fires could be seen clearly in both Hentein and Huvsgul Mountain ranges
and also it occurred remarkably in north territory with permafrost zone.

On-the-spot investigation in Knentey area

We selected the Khentey area far about 240 km from Ulaanbaatar for the field survey spot.
Because the spot was classified in the continuous and discontinuous permafrost zone in the
Khentey Mountain range. Our investigation was started from July 25 of 1999 and was continued
during two weeks. The burned forest was found in the terrace near the Kherlen river, and on the
east hillside covered with dense larch trees, soils included with ice, permafrost in ground was
found soon. In the forest there were the various typed trees mixed with the perfect burned larch
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Table 1. Thermal conductivity and physical properties in the Mongolian fired soils

i . Thermal conductivity | Ignition Moisture Solid Aeration
Plot area  -soil depth (W/m - K) loss (%) | (%) (%) (%)
10 cm 0.320 5.2 22.2 45.7 32.1
20 cm 0.143 2.1 114 52.1 36.5
Burned forest 30 cm 0258 19 12.8 53.3 339
(Khentey) 60 cm 0.297 15 12.0 58.9 29.1
90 cm 0.183 12 12.7 60.2 27.1
110 cm 0.195 0.9 10.4 65.8 23.8
10 cm 0.161 ’ 3.4 119 43.1 45.0
30 cm 0.153 19 12.1 52.6 35.3
Perlnafrost 55cm 0.155 1.3 11.2 57.8 31.0
(Khentey) 75 cm 0.186 1.1 8.0 58.2 33.8
' 115 cm 0.159 09 | 79 60.8 31.3
120 cm 0.170 0.9 107 . 64.1 - 252
-y 40cm 0.149 75 116 441 443

rairie : ) .

(Nalaykh) 80@ 0.188 7.6 13.3 44.2 37.5
120cm 0.171 5.4 18.6 48.7 32.7

trees, the burned stem of larch with alive canopy, and only burned foot of larch stem. Because

" we could not found permafrost in the burned forest, it was supposed that the fire decreased the
cover trees, and heat balance was changed. "As a result, permafrost had already disappeared in
the burned forest. Then on both burned forest with larch and unburned forest with permafrost,
soil samples were collected to compare the difference of the thermal conductivity and physical
properties of soils. Additionally, the site of prairie was selected for the contrast near Nalaykh
city far about 36 km from Ulaanbaatar. On three spots, burned forest, the forest with perma-
frost and the prairie without trees, soil temperature was measured through the soil profiles by the
portable thermometer and several thermistor sensors were installed in the ground and connected
with data loggers in order to monitor the temperatures in the soil profile during one year. Table
1 shows the results obtained from three spots to compare the different condition of heat balance
and the influence. Consequently, it found that the burned forest had high thermal conductivity on |
the surface layer. The forest with permafrost showed the considerable lower value in thermal
conductivity, so it was guessed that the low thermal conductivity might pfoduce the permafrost
condition. As regards with moisture content, the permafrost soil profiles showed lower moisture
condition than the burned forest. There were little difference for the ignition loss between the
burned and permafrost forest, but the prairie soil was clearly found to have highest values than
the forest soil. The analysis on soil temperatures is now continued and soon the results will be
shown on the difference of the three spots. /

Conclusion

The soil characteristics of burned and unburned area were investigated in Mongolia.
Thermal conductivity of surface soil was found to be different between burned and unburned site.
Fire impact to permafrost degradation due to changing thermal regime was indicated by the
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direct temperature profiles at three locations.  In fired areas, permafrost becomes non-perma-
frost condition with few tree-covers, but permafrost would be mdintained if the surface covers
and density of trees are kept there. '
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