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1989 SEEEH S A & - 7- AR DRIFEENF & hEEE
Bee XL LI-HhEEHEIC LD, MDE{LEBOR
| OWEMNEDSNTVWEY, BELEETO—-HTHS
SBEORIAEAEN L TV 3, FRIEZDRIDOTEN
WEE LT, BFEECX3NITOEREB~XZ bOT
&3,

hE| DGR & & LR o &R >V TIR
3 TICBK (1985, 1986) ic & Bitabdsdh - T, £Ohicl
BT VLT HFH L —BERKRME LH O TV A,
g1, INVLFOIEFORAELRLE L THFHOR
R [P WTHX OPFRMSITOATVS, 20—
122 (1990 a) ILREBEX TV B, BAKE IOV THEK
Wby, FLOLKITPRBEATBALRShTWS
Gk - X6, 1987). <, hEOWDBELIc>VTH,
PEALUAICL B VWL 2hDHI%LE S H A (MECKELEIN,
1987; #f%¥F, 1988; fH)ll, 1988) #4%, EEFMic-W\T
DFELVIREFEH TV,

AN, FrL < HEt L BEoNER, KRR & EE
&, FREFEIC BT 2FERS TRMROEKR 2 E W
fo. WERARBEHDEOHIRTIRS B, T-LTL
CBESTELbITTIREL, B3 E S ICIEHBIcREE
BoERRLUEORRMSH 3. 3B OIS
T - MPOEBF IR b B AA, WE{LOBRRIZLEDT
BELNGHERLTLEDLNBOT, TlicEhbiFk
KEBETH 3,

2. BIRIBROMR

57 5=h vyPDRIPETCROKEUWHET, 594
ZiohRBOKBH %= LD 5. ERKREChEzTo
K[UERlIck 3L, DHOREDII LA LD H 20
mm PUF, %Y sgtiodtidgcid 50~80 mm, BH
BT20~30mm TH3. LML, CoOlRRVHLYIE
FEOPEHMlTH»T, PREVEBL OBEELHHETH S
CERCDBXTHONCTBEN TH S, HIIEBHRE
ICERRKIRD 60~T70% 05885, UL, Ml THERE

KOWIMIHE L, 30 B SRWVEHTIZ 290 Ric b 3,
oo Ry OKRSBEEBEOMICGHEA L TERES
3L, WiRKHE (BW 58) OHBA100% TH 3. %
IBCOMIRIE Y = » R F Y —sbicf® L, Hic
Yz b RN —LHILICBET 20T, FO/ICHL
# 3 % (YosuiNo and URUSHIBARA, 1981), %4 3 &
iz, COMURIZEIC bR OBMITHRICN 5.

FEopKR - RRBROSHR Bkidm», 1989) 24
3L, $YARMPY L v HY 7TRHITIE —1,000 mm
Db, #icy ) 2 @MoERP Y 2 v 7)) 7 20—
BTk -1,200mm OKELEERL TV S, FLEE
ST ShERILE TR —200~—-600mm T, Ch
CHBELTHEBICKEY., FOBEIBYEEL LT
BETLHLMBEEALFLT, KEREDHBMETH
—200mm { SVDETHB. Chid, BEIBRME
LTid, COHIEMEL W EEPE->TW 3,

V=V RAY 24D 1948 FEOHRIC & - THERER
Zko, ChdhsAYNKINEESEL T, KRERD
%KD R (YosHino and UrusHIBARA, 1982) T
&, 97 5= vibEEdulE Lo hEILES O AR
BOEKRERIE 750 mm T 3. Lo —1,000 mm
(BUEBKRSZBRBL O DBV E2E%T3) Ll
BT BEMEDNEL, ThIZBICBKRERRROE
REolftie, aiERRBREERICANTKIG R,
SRHBIKARBROME DIBVIC L B 12D TH B, #
HEICO>WTRAHROMBTS 3.

uE, HECSOVTHELLKRRRE, »LhAE
WEEIC L 2% %2RT. 6~8 HIKZWEERE M, At
DEAICEBEEEMBEETRTE, VAF L v BET
W3AIERCKEVWHERTILREA LS
oW,

BoboREmEI, Fic 50 Eofugsiv. By (b
ETrEp L #H<) i kRgBilics W T XKRBERO
VDEoELTHREN S, Bttt 2m OFETEEA
45 F 1212 5.0 m/sec LI E (Bl 8 m T3 6.5 m/sec
Vb)) RB2LD0ilibihE 50T, ThsigiELs
hTwa, WERSTREDEKRRE LAV T2
BILATTH B, ILEEIERICEL, ##iC 125, H20 i
100 @& WS HFDOFHH S, 125@ &1 3 Hic 1 KL

* BRMAFEXFRNEFRE

(Zff: 19914E7 H2 8, ZE: 199194 21 H)



SWMITHVLIHIBMOESIKRS T Lici B, ThbEFH
HMoB1 TH5. 2FHIZ, CoMuRicEi 3HEBRD
HEh, RETHRT ZREERE 3K LWL T
& 3. 90-100°E, 40-45°N OfHE T i3 b 0 BlE s il
5. HiflopitXowroBWAEER LR (¢
EF BT Y L DI IERR, 1978) 24T h, #
BOEFTERIMLROE B > Ty 7 5 < h v B
ADRAUILHOBMERL TV B LS ICEHLOL TV A,
hEOHFEY « / VAKK T, 1950 FEh S 1979
FEoRlIcHtNE, DB bick-T461 Fhah 53205
ha iCED L. 2OKRPBHIFRD & b OER OH
FirREE VWbh 3, DEOBEHEE I 45~50 m/4E,
Btz & > Tid 50~60m/ 5 TH 3 (PRI
M IEIDBR - TSRS DTTREERYE, 1988).
I - WK% 1,000 km & - 7o b8, Bk &, AifKkic
& > TERONZKEAIEM L 72 7 AR LAES, D
LClE-k FHEOILVIrv— 18, 9948
MO ICHEME & CTHIRREROHEENKTH 3. F
EHIZROPHhH B,

5E, EXBLIUHPICTTL LD HF » HiF .
D—vFHIBOHBIZ>WTREKRBIRMAERL LTHIF
1=

3. RI21T

1) XBB¥, BAHEE
KEAMOLELEEONMHER 1 ITRT. TIT
KEEEN8LL, THbLLEE 172m/s YULET
3., KEBMROEAHORESHEOHH (KizHe) b,
HEBRELE-TWAS, Tbb, BAERLTWVWS
Mugtis, MEOLOEAZE =EMRITH 5. SEMmIcE
43°N & hidtTeKERfi%ERT. —4, RlulfkbpRs
Bo5 Y agituch i TRDEEE-> TV, 20

i 4N LI TEEEIES 8- T0 3,

BREE (m/s) OEREDOSHIRE 2 1TRT, HOF
Wik, Ya v W) 7RISR, bty 2Bl %
LThAF» /HETH 5. 10 ERIC 40 m/s 2128 L
TWwaZeREA LTV, —54, RlnlfReaHe 7 v
7 LIREEER, £ LTS Y 2Z2HISIKTI], FUMLH,
ITELTVEW,

ERBRABONIL, KE,ICIIR 3~5 LTV 3,
LFaDRAM C oligicizvwy, ¥ ) agoORSCibH
DRELSD, ThRBRILLROEREIBILTY 2 v F
) 7 EMERh S IROBRLLEZ 6D TH B, DK
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1961-1970 fED LY,



B E

X2 $HhcB i 3 BRAREOILFHEDNT.
it AR 1961-1970 4.

ok, BMAic BV TILRAMSERT 2, —F4, 2
Lg% Bis L TBGRY 3 & S ic RKilnbikAass ciLR £
foiddbtHoORE L A RMMEBLTVS, T, S0
Ky Ufkh S S 2 v # Y 7E&M~ED - T, LBEOR
MHERLTWS, BRTRY Y F AT IO BRM
97 5=2h yWROPERICBALTWA,

2) BMAKREEIC &SRR

INLAFILBT B LAREKBAMOELLES S
&, 4~6 Bich LA, BE MBLESELL. 20T
ic4H, 5B, 6 HIcoWTIITiRED BT 3,

48,58, 6 AoRAKR#EERiIc7oy L, Thic
bESVTHBREE V. K 3~5 MEDERTH 3.
LaL, ThiBLWbEIJRENLSHBRITH-T, 5
REDBICC D& ) UHRME T 2 EShidbhH I
V., R%EH 3 EROHREMHM S,

FENCPEEE LTRAL TR b0, dL&Fmci
PRV LD E S > THBL, tL7 7 YFHET
k@E»SIkkbDBEEED, &SIy 2 5<Hh BN
B0 ICA VAL, FEH 2013, b7y v THEE
SRBIREE~HE N> TWADIHL, K3 Tl

Valin (hy) hok— v REIMETRELOD
BER-TWBETHS 3.

T TICHk (1986) DI REATVLAHEY, FHLLA
3L, 97578 vBBOPRIBTREYT 5 & 5 LR
K ->TW3, OB LA S LOERLEIN IR
HEDREN L ICHEBELTVWEEZLON, T 2R
HRERCOMERLTVWELEDbN S,

K425 AokA#E 2DBEMADNH, BLUEH
LB THE. AALUB LTS AotigEs 2
&, BALTL 3R 2MANIC TG L b DR HH
BaTW3,

H5ix6 AnREERY. THLBIERLTH3. B
WILARILA < DB A 4 B & 3PP RE 3 H088%H
EhkS. R3~5o0FhicswTb, Kgsd 5L,
Rk =660 L oL@, 59 agtie b vz > v 8
HAED > THRALTW S, KnLAREESH S KLl
DEENCI - 1o Hic T & D DR S B H, FhEST
L L T~k BAssiR L, 57 5<h vibEP b
N7 7 yEHICHA L TWA, Thdic oigtE&i{t
LTWAEROUDEHEEbN 3,
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3. FElicsi 34 BORKBRE L TORRONTH, BLUThEHERE LR
RPMBOYKF ORI IE m/s.
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K5 E3&EEIL. LKL, 6 HAico0T,

4. ERKRIZONT

1) BEXAEROmm, 5mmLlT, 10 mm LITO#EAR

24

AEKEA 0.0 mm OEMHE AMORHER6 I
AT, 44°N Lot UA oHs T, 3T Thi
W, BT 7 A4 LRI & KiILIRFGER <o A s
W, 7 5eh yDBEDLNMILTEAARLTER -
TWwah, HkH30IRFERIIT CIclidhE<, Bif
RERHTHY, Fhicxt L TREBREREARMEL,
U7y vRHIZLEDT, EHLE{BOLVT EMNE
FbHBT LEMMHEKLTWLS,

AREkitH 5.0 mm LIT Ol BROSHIZEE
T34, ABOKEWMEDEZ A, kY 44°N LIFE
DORMTHS, Lrbtr7r YfHETRREKEN-T
w3,

R 74 100mm EIFOBET, f@EELTE, 50
mm Pl FTO@MFEL HHEBLTHSE, ES5LTHN
7 7 v{§iEi2 5 mm, 10 mm OBEOFEMEHIT LD
», Lok ihid, BELEL L oXNFHEORRERHEE
Vwok, FORHIRBTOEIAFRELY EXohd

DiE, RO 2-DFETH B, +1bb, () Cofhiik
Rk z& L L2 o TR oRTILAL I
HELTHVWoTERIAFEMRRE Lic W, (i) BT
BEMBBA LI {BOHic L 5 ERSBHRELIC
<V, THRD2VTREEROARMLETH 3.

B8 i3 200 mm Ll Lo ABKBHEUI TS ETOAH
BTHa NInE&oRAMEBIEI1204 8, T+4bb
1961~1970 £ 10 FERICiE THM 1. LbL, %
ofth, 2HORDTIHIFIE 3~5FI 1 ENFHBELALS
ERBERT S, ChidMEnEEIBL XS, MK,
BoBE, MEAHELICHOEENSIRTTHS.
E9it 30mm TH3HM, COF—FH10EMTHS
»S, 30mm LLOBEDS Y 8 b7 VR
75 & och D itk 138 S T,

2) jafREkE

1 AfckBkit e, BEFHOERKROL (1005
H) kR L 0Elh, TOMIZELLAREV
(BE - XB, 1987). FXTIL 422%, BXT231%, +u
77 YT 220%, ETHB, HXETII1981ETHS
iz 14 B5Ric 73.5 mm - 7308205 5. — i
ALER T34 20%, MR TIL 409% 71508, $ 057
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#1. 1 (1A% Hami) HIRicH7 5 KBk0H
¥ (Ri3H, 1987)
£ ® B # &5
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
& &
B 0.5 1.8 4.3

(H
HE
&

_—0 O = = N O O = OO0 === =000 0 = =000 = -
BN O = WW =N = = O WNO =R =R hON WO —
NN E OO NN ONWR BRWSNO =S RRWWw = OO W

—
£
o
2]
—
—
[\-]

Y DBEERTI3 100~200% QK EWHE S > T3,
7 7 Y H OERRIC BV TROKREEH BRI R LA R
WIS T 30096 iciEd B (FHE, 1990) 43, ThiTPLEL
T35, ROUERISIKKEIWVENY 7 5=h v DEHOE
HRICBEDLN B I ERFEICMALLS., ThitoWwTik
FLETERSNS,

1 H 20mm LLEEKBKEERLT, »IHIROK
BEkD A% 1959~1984 FE It oW THRBZLEE I D
BYTHB, ~iolthoBREH (~—v sy, Bali
kun) Tit 20 mm OEWFHEE S BT 1959~1984
£ 26 EROFKITIEAH 1120 TH 7. FHLT
Fic43BTH 1. 3 TRE CHRICAR 14 [,
ELTOSHE/E THS. ChXAMicsdENIT
24 A~7 Ricg <, dtHolltio -y 2 v TClR6 A
~8 Hic®\, ZHIPTIRINERH B L 2 B8R B0
HEHBZVOIIL, T IRIEES/EIC & 2 HEH

BVRHTHAH. FEO 7 HXICEH 305K R
15 mm Lk & & 24 B5fH, 1 B5fi, 10 KO
lixa5L, 1 Tid 24 B5RREKREA 408 mm &5
RN 5. | HEMKRTIHE (2 7 +) T1960 F
6 A 14 H 156~16 B§ic 30.3mm M -7z, 10 53K
ROITEMIZ 17~20mm TH 3.

5. FHBWOXKHERROBAE

Pk~ BEFIcbad 2 BHIEEZ T LHT, ¥
agithe va v Y TREMEE LT IHTWMOARRER
FOMREEEB NTAH S, Bb, LEOERIAKOAH
BBk HEZ (1985) AEVWTHEY, LFOIXEREGOD
R A% (1985) BMEIVWT WS, TR, 2O
G AEB ORI E L CTEELBHE LSHFD 3~4
A&, BsERRERICE L TEESRBATS S
TR%&ED BT,

1) 3~4 ADAKERR

LEIEEORENE D, FFiHEOILELLbIE,
e WEBRRMR VTV S, H EfHE TR
SavH)TRMCABD, 575 hyPBICASRE
BRESMERLLROEZE » TItHEORH L 8 » T—
Wiz v sfhE~, ho—FR>RKEIEBLT, VA
ForiaBRTFe—fHELES. HIHE{BATEE
BRHs575v (BR) 2607, CO250%HI
— i BEMNKT, ERLTEY, HMEOKITIT T
HA<eyh, MEAEERERLTCVWIDTHZ (B
OfELh) Hehil, BB LADS LEREIEP
Tb,

—%, %) agiodtir, RlulfRER s L Tk
ferobicER L THENBELIE L hOBFEM Y ) 48
HuclaEld » TRERED 3. F7, EHD 40°N fHEici
EAD O D OERIELBL TRALTWS, &5
iK% ABHIDBEEEICIE SE RS v oA 5 aINL
HWERLTRERY TL 3EVBROEHEOMVRM
Me3 Choo3FHIEVWTh AL AKX
LTV A TREHROLD 72— yERICLDERL, &
BTHs. LoL, 7752 vyh#iothl Sz Ty
FRBBLIEV. LMo THO X S SIGHE ISR &
WERMNELRY ) 7F 4 9 7 A - LD EREHII
BHTHVD, £<ELTEL,

T LD 3TV TNOERL TV B, B
L4 5&, BRE,SC 31L&k b OO A MHENE
BEHES, BRE» S 3L OKHHMROLEET
%, Thy s 5<h yDEOBROAHIEELD b
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R 10. #rEhcH i 2B THR CHEMHL) OEBER WULABOL, #5775 v EEOHRKR.

3-4 ADIBE.

BB LB L S 2@D 2 ERELL 5T,

2) 7T BOXKBER

Hicti s & LEQRARIRSEL b, HEfSEoEH
MO EMEL LB, &) LBHOBERICIREDOR
(EROFKILROEEZEL TS 7 54 v blicl
ALTL 360, RIOKKEWTH3.) hoLBHOK
(EFoERRCXEs Ot EoBER. ) » o>oRbih
AL, 83-84°E i TPURL, LR&MENL B, Hic
WEPRETIIE, 7Y 22MHMOPPILL D E WSW
75 ENE oAEjcilEgsiEn, Todtfilic@dRilul
PRERER L TORLBIFO FTHRIAMMINEL T
3, eLTERFMELY, MEELELZ, Choof
BB > THVERSHMSREL LTV, £ LTHEL
BICEFTRBTH LB, 20 L EITHBOFME
DRT L,

CDLIicAHBE, BEEIBDEVHEL HBEHOH
Mid, 27 5=h yDEODRPPEL Y ORI
ARV E VI LS. Chidbb A, BEoLH
E, i, DEDRBEFIREEHBELTO L
<5 5.

% 2 5 < vbBEOhiZERKRH 20 mm LI &#

FBERTOVRY, ERPLBIZS>WTIRb S AAERM
13155 - 2. Bft, 40°06’N, 83°06°E, 987 m DOHi& (W
Bojt@icpPifiv e T A) T 1988 EIcHlfl L R
(%, 1990b) T3, FR/KRIZ S0 mm EHLTW3,
555 ER 11 IRLEART, HAGICEMERE
hREAE CREILICEINFEROS>H B LT ANED
T, KBRSV D TINS5,

97 5= yHROPEOHESHN (hERSERN
Mok SEDBRBIRARDEPIRE, 1974) 245&, B
EPW T, Wil & OB & 3KE DR
i, 1R ORBEICE S WHBOFEG L ILHoRVER
LTWwW3a, £/, ot bicE s MRS OmH
EHRRDBEN (TbbBIE+— 9 OFHEHDE)
EHELTVARICBRTE 3, REVEOIRICI
BLROMENKEVH S, KEMITIRI O 3HIERS
HEETH A S.

FHBEERIcBVTRAOI LA S £
7y 2&, pEOIBIAET 2 RLAROELA <
KRS 27y REERET 2L, FIATRELKORP®
BOEICLZRABOBVGH B, 72— vBRKICLS
BEER L LB SHOREMFIZEOFKAEL, <
OB TERL-EMVERR, DEbicd L TimEd 3
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L {EES _— SEH(ab)
X 11 #FElicbi 5 SRR, DO, BE - §ELE, SERU L oK.

7 AoBA.

fER%Zb-TWA, k—% v (F0H), 2—F = v (FH)
VIS hif b iDBULORES, BEFOomboABLEL
D>TWBEWZ XS,

6. BLMICRELIETOMR

1) BEOBHER

hEODE(LIcBEY 3 HEED & &8 (RidH, 1989)
ik B &, hELRAATIRHA 334,000 km? OERIHHDE
O[NP LEEL>TEY, 20 HbD527%IC K
176,440 km? »¢ CicpbE{b% 5 iF, # 158,000 km?
BEEDE{toLMTH B &S, LD 176,440 km?
D5b, ¥ 5<h bEOLGHPEA TR bR
KL, 24228 km*P iR L b, 205H0
14,200 km? 255N pEULOHEIT L TV 3 HMTH 5
EWnS,

¥ 7 5<h yWBOIRZGODTH, JEREISAHT
RO L VWOXRER~EEETH S C L iciilL
FNTHB. 97 3=hvDEIcBY ADEOBEAR
DML ESRIL, »-o ThEREREE Y D
WEF (1978) MR L1, Z0%, ZhrhERERT
EDHBRYIZERT (1987) 255 | A L THOEYLRIEE E L 1.

T (1990) b2 nZ231A L THRODELELN L1z,
ZO%, %Kidh (1989) FHESOEE6~121cB0T, &
ROFRD & 5 HEH AR TR EOBH AR EBE VT
3. &1, DEREFEREMK LB RFDETIE
F(1974) 13, ¥ 7 5<H YEOBES 10 DRFIBIE
EHELT, 2onhRERLE ERERRESERT
IS0 FRD 1 DR r—nd [ %27 5<h vibBBDHIR
B3] (1980) ZTIfTL, 1990 fEiCidZ 0% 2 IRAFIFT L
fe.

CODEOBHAMORE, RODHREIS>h%
MO MR EA 5 L, SRIOR/XOR 10 DEDE
&d, Bl oHOBEOREBNIETHNHLEE LK
BMLTW3, T48bb, #2735 <h v biioiHR¥ER,
RO R A - TILHORFEHERA L TL 35507
B, TZREABOMEIMED T Rt 2L
&, D OER (@3 530 2) 550 m PLEORE A
BT ML - TR, HREOEFIIChich#EiT 3
LBISTEORIEIID B A, Fah S DSBS ERSY
TREANODEMAONS,

—HBMicsBRR LDEOBHARE 12, XA
BT 3~6° 0ENHY, BELHIRT 9~15° Lhbh
5. @801 vy (BE) BR2ICRTLIITHG
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®2 975°h v DROERCBI 3 EBAM L DEOLKE L TOBRIHE

M f~f & EZ] 2
B o %% B (3 Hogge i it — i) 13 82
W THEL
i I=1 Y —F a Yy v F - 5 Iv7zy
3 B T & B E @
(Shache) (Pishan) (Qira) (Minfeng)
B = 316° 288° 271° °
5%%&&%@@@@&) 281
Wrof#ksLto 312° 291° 277° 272°
BHkmE
* SRidh (1989) DFFEHC & 5.
#£3. FHOMERDAYK - BEROKK - B8 & EHOSEE
L
it % B ¥ RSE
# %
” I ®B% Hami 80H 1.5 @] 35% 65%
VFF » v EHXR Ruogiang 19.8 6.9 37 63
¥ = ® — HX Qiemo 9.3 2.2 18 82
1 v7z2v BE#E  Minfeng 8.0 1.9 37 63
7 — F a HHE Kuqa 6.4 1.1 27 73
2 —F > v FH Yutian 49 1.0 30 70
& — % v A Hotan 35 1.1 5 95
Y — F a P#H Shache 38 0.8 7 93
b ¥  Hf Kashi 45 0.9 12 88
(BRH2, $h @5 (1989): FEEEKHRERKEII L 3)
* IROBHEIC L B,
H R % BEESA xR B & INEOTHER
o 1 " >35C <30% >3m/s 5.669%
i #H >38 <25 >3 10.01
& >28 <30 >8 4.76
RRER i) =32 <30 =10 9.84

DENS B, 79 ¥)Ek— 4 )| ORI OI L
E—HTHLEZLONAY, DEOHWNEEMSEL, B
ohiz, FRORBHEYED 3 W IZEEREN & RO REME
MELB,

Y7 5=hvpBolEs, THbb, YA UK
e 2y &filici S iigiz, RilREREZBLTL 3
&y ORNERT 2MATH S, TTicdh~i L
BELEEGBBICERBVWOT, DEE~AD A o
7 P bIEMAICANEEINEVWEEL OIS,

2) #HBEWHoL -BWLAHLL
BATH S W3 BRPBERORFEI, PEDO Y/ 5

< h v WEEY, BLEE WEHO T e, FEE
BEEAONZH, Toh, HIBFLUHEOBENEL
&3 THB (Fhl, 1991; FA, 1991). LiL, BEIic
B AELRHE LA - DS LOBKHM 30 ALLED
HilgiL, &7 5 <h DB EZFOBRMEHMPETIIE
bIEWC LHtEEhTVWS (BB, 1984), BIZiE, 574
5<h vDROBFERRIDLASS L (12~14 m/sec
PLE) o B¥SFHobTREECH3. 1 v 7200
BREOFYT3I39H, BREDOERSSATHS. +—9
VTREEOTEYTI21H, BEEII42HTH 3.
1982~1988 fEicffifll s iz 7T DDA OB TH LA
it, BLUBhOFERBORTIE, 14, fixhzi
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B 12, BR/KERHEHAE & ERIKIR & ORI

TTHLV (Hao, 1991).

$7, By iab—vavickdWE (Kaietal,
1988; B2k, 1991) itk 3 &, #HPR Y7 5<h v bl
M5 5~6H, HLBRLSIZ2~3ATHEXLEIE
+3LEN, ¥ 53 v DELS THEHEBET
iAW EWI,

3) MER

PEETI “FHEA" &M “THE™N OmELRR
FHERET VY, TOBRMKVTLSHE, K&
10°LI ERE L, 18iERE 20% T3 3. £/, O
BHRWT L3, BROKBREROE(LIRPE W,
HIR L TR 5 Aha» o 7 AhaoMIcRET 3.
INEOBITED SEBBICY 30T, WHNE(TS
TR E/RA MR AREL BRI, 1988; &,
1989).
R3IFElicE T 2 RERO B - B E KB DHE
(%) 2EEBICDOYTRT. T TId~xAED, 57
52 yDEOBERBIIARIKE AL DOT, VEF+
v (B o1 3 BEE O BEIZEICH 20 BizRki.
FETi, EROMERO AN 10 HLLET, CoR
* b1 5T REUBEROENY 2 B Lotigit: “BT#
AX" &5 3, 92 5=hvibiiothRhroHEIC

BotzIhAREHK, 77 vEHIK, Y2avHY7
Zittothdth SEEIcE - XM hiclY TS, ZC
T332 10% LI EORIE S 5,

BIEIRS N KRDRRIBHLPHESL - BLAD
5 LEMERRIBFENCRINOLDTH B, B
“KE" &EERBIRI, TOBAIBEL TV LS5 IcR
bha. Lid-T, ThooRBXRFN - BESRE
SRR BLETSH 5.

4) BRKIRIRE
SICHATER) I 1 B (24 B5E) BABIKENC SN,
CNETEDTAEVELBEIL TV T & AR,
WV, x I BEOFHOERARE L D, v #ickkiE
wMgE L, FElOBRAEE 7oy FFELER12%

A5, CCT,
_ 24B5HiRARE kR

EF 3, K120 (a) BEHOBRRTSH 5. WEHED
LHICET 7 ) h OiRig O f] (Goupie and WiL-
KINSON, 1977) % (b) DE TR L. EMKRAHS 80 mm
LIFO/NS WMEDERSH (b) DIREIIZITVAS, £ 100
~400 mm ORI TIREASHIT (b) DFAH (a) &b Eflic
{3, EILWtRTsd, BROBE, QHEKito



KERHE G STRIBEOENL LT, OLHNI
S$REELZbDEEL OIS, HROERMROF%
EHTESRRNT A EMNUETH S,

2—35 v 7T KEREOWEIL, #HED S OEREMKE
VWOT, KEREEET 5 KAFAKENIRICEEST ZLL
BilcAkDEBEL, COLDICERTE. &I, 97
S2h vDBERBALTL 3RHIR 7 = — BRIk -
T, +4bb, UHIORRRICI 5120 d 5 (LocaN,
1968). T —MYIc Yo — 2 — LTI, X
EMTHIcRF~y bERLEICVWDWBEF <y FEKE
MEREhD, 20D RgEEs, Ll 975
2h v DBEOMHEETRTREAM ThEENLD,
ZORIBEOHARISEREETH 5, FER/KEAS 10
~20 mm O & & AOREKRIEMNEE R, K 120585
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24 BrRIREKRASRF S N 3.

W TOREDHIL, B, Bk bibkick
ABROAMBVEVDNEA, FOFEIIRC OBV
BIcHEAEROLHTH D] (FA, 1990). o% b, &
SHhVLWI SORKTHF+ v 72 LTWVWEEE, LT
B - BEHIc L AHKICBON THET 501 L el
hTv3, DWEOEFEICE > THENEOBKIIEE
RERTH 3.

7. #& 2

B 2R LMD VTTFRIMAR LT 7. £
DR, KO EMbhotk,

AEBH BAREEzOBREONE, ThicksH
BEEEL &, KROS5 RFHEMH B, THOB, (1)FELL
LitFEoKfHs2icitBcraB LT, (2) Rl
IBROHAFEIL Ty ) sBHINEROSHE L TR E
ALRHHSH Y, (3) ) AZHFEEOEED SO K
ELTREZALRHMS D, (@) RKinbiREEAICKE
Ben 2tRAHED, X SITG) NFRIUhSHATIN
AR L TREMED 2E~FEEOKLSD 5.
ChoDJAMUIRERICREL, HiTidgyw., Lo
TEHI PRI » TR B Kb, ERK
WHRELPT LS.
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LV EAHEEINS.
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chER R FEE N L RO UARFTOL RIFESL LUEH
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Wind and Rain in the Desert Region of Xinjiang, China
Masatoshi Yosuino*

One of the broadest desert region locates in Xinjiang, northwestern part of China. To clarify the
climatological condition of wind and rain in this region, the author analyzed the data recorded at the
meteorological stations in Xinjiang. There are four main air streams in the colder half-year: (1)Westerly wind
over the northern part of Xinjiang, (2) Northeasterly wind in the southeastern part of Taklimakan desert,
taking a way around the eastern part of Tienshan Mountains, (3) Westerly wind coming from the passes of the
western mountains into the Tarim Basin, and (4) Wind flowing from Pakistan and the Karakorum Mountains
through the pass, as southwesterly or southerly to the Tarim Basin. These air flows are weaker in summer
than in winter. -

Concerning rainfall, the followings were studied: Distributions of the number of days with continuous
monthly rainfall of 0 mm, 5 mm, 10 mm and 20 mm or less were illustrated respectively. Also 24 hours-rainfall
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is discussed. It was found, against expectation, that the large values of rainfall, 20-30 mm, were recorded
frequently. '

On the basis of these results obtained here, a schematic view of atmospheric circulation systems in March
and April and in July were illustrated. Finally, occurrence frequency of sand storms, shifting of sand dunes,
“warm, dry wind”, and relative intensity of rainfall are discussed. The values of relative rainfall intensity =
(Record rainfall during 24 hours)+(Annual rainfall) show 100-300% in the range of 20-30mm of annual
rainfall.

Key Words: Taklimakan Desert, Wind storm, Circulation system schema, Desertification, Rain in desert

* Institute of Geography, Faculty of Letters, Aichi University. 1-1 Machihata-cho, Toyohashi-City 441 Japan
{Received July 2, 1991; Accepted Sept. 21, 1991)
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BRI L BREBED = 2 V¥ — I
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1. & g8

RENORMA 2 DHRE T DR L U TORERYT
ZDOBEMRIC L ZEELH, R TOBRMIEE
oTW3, FREFEE L TR ORI & 258
HABHTHBEEZSNTELY, KRE~ORERY
AHRBRE, WERBBETORRRY ARNA 1 =X L0
BHBEL o0, (bAERKOREEEA T, BELEEY
DFDOHIREEH 2EMOKE L BRE L > TV B E$5H
IhBEILI-TEL, THhbL, REF 2 ORI
EEZ ONTEIEWERERDY, BHRMERDELT
IR EORBHTHED L, % OREASHIIRSEKOKRERY 2

NEICHBERITT LIS 0DTH S (Woopw-

ELL et al., 1978, 1983: BROECHER et al., 1979; HoucH-
TON et al., 1985).

—h, KJUhORMY R EEET 2 HELE LTS,
MOBABFEFRIAENDZ LS50 - TE @,
1989; /NE;, 1990). BEIATOHIMPHEZ ORI
ORMEIc X b, HEMEERMERE L TV 3 REOBIHR
WmERAHE$TBLDTH 3.

R B AL, ChE TRIMEEOERE L
TRELTETED, TODTHKIITRIBLILZFEOS
h o, ARt T 5 5 WDEULBH LB o —
2L LTRESh TV S, EEMLEEROR VALY
20T, B DHEMTEDNTVEH, HETD
AIEELLTHILTES Y, BIRLHEATWE
W, FiRE, BAROKERRICS>WTR, EHADS 4
YA =5 —TCREBEMNSTEEN, ChiclDARIE
FHERHELSh TRV, HEBRETR, Mz ilE
TARAEMTHOLDATVWEIRETH 5.

VRO Lics W TR, FEAIKOER - HYRBE%E
e LT, TEMEROR/HIMREVLEEZELSATY
3 (MBS, 1990). Lo L, BEEiliopRIE, £ LT
HoREoBSAr oy ohTE Y, BBRLHEE L
TOFMIZ, —HMTRISNhTWT HHkKD 2 2 1 P
BHORFENETH->T, EHTE 2 NVF— (LEK
HMoMR) &, ik 3 REEEOMORFENE >
WTRIBEAEREMED ShTWRL, BRI, 49

ST IETOHBMO & I, GRS fkigkk
LRI & Bk O RMEIR, MKMRESEOF,»
513775 XA TH B0, HEREBERE LT, #AittH
KEROL XANF—EFEMULI - VY RFLELT
DEFI, B0 LBEESh3RERIHY TS %
WE—LZDLHDIPBELLZ 7oL ATHETI 4
WE=DNRS VA, THEbETRLF X THEST 3
PEMH 5,

KRN T}, MBRER{EXER L L ToWdHR Lo alE
ORI ETHORBEELT, DEOBILET: L
F-FReELTEFMEL, 202 LF-EDHHL S
BEtHEE L TofEtE RT3, 4, coTi
Bbi LT, REEEXENLET 50T, BIANCBIE
ot 2lETH s HRICL 2MLEEL 3.

2. #HERtoEFIVE

1) #EBEAHEFN

BE LI D53 IR, — BN RBER ML - THEE
nThh, zOREROMMI, BFRHE & BOEIRRE
DOWFNHHHEIREME L S BREMNB V. TIbBETE
BSBEMSEC EYMoEFICEY LS EHHEL), BFHit
BEVRE, BEMO—RKEEEEMAZV, £/, Y
EENOHEBICHV O IEFNEF LS, [EPAY
e S5 4 —% — & L7z Miami € # L PH%
EFNENELEMOEENOME L E L TRESQ
TW3 (WHITTAKER et al, 1973; 948 « i 5, 1988).

CITRDERLDEFLE LT, BRERTOY
Bt oMb VLT, BEEEAHREHL LSV
BAEEHEEL, B ToMKcRlETRS > Ltk
DRMEMECHEEEZ 5.

E%ﬁ%@kAm+u§1uT¢&ou03QCAM
[ DD RIS - - =REXIc A »hTE D, Hik i,
BARMEEEGELRILE, EEXGEP SRS &, C,
Y3 EE « AN OWUIRMICIEEMIC S HH L, C;
B EL LTEBICAHTIE0bhaN, ChET
KAWEEhTVWAC R, o ¥4 740 10 fi
Hih e ERPHAATH B L 2BE, $XTHEEATH
3 (FfH, 1980, p.442), T3, HEgiKkEF V0

*RFE =T TBISIA 7z V=T ) v S v 5 —, GO WD) ARG o 5 - KHBIRETRA

= ERRFE L FR IR FRE T TP HRE

(Zft: 199147 B 11 B, ZH: 199149 H 26 H)
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#1. CO, EER%ERIcT 3 3 MOESEMOEE.
(RHH, 1980: pp. 439-444, 480 % &)
CO, EEEE
C, [E13% C, 2% CAM
EHORERRAL SUHTER o
% W o WP - HHAH IR m&mm& awsm:&é Py ARG T IR A
DIERREK 25, RN £ D (SRR thIC g —IC 51,
Fiv)uaaﬁl
kR ) Rt PR a5 e
B ONARBAE B W oW B W A
(mgCO,/dm/h) (1~50) (40~80) (%58 1~4, AR 11~13)
" o ) v LS uwhikkH
S AR AR OO a2 Rl R ®
FED CO, BEHEkEE =& o ARpofigclicigfn  —
s (O . B (0~5)
CO, Hiff{s2 (ppmCO,) B\ (40~70) £ \(0~10) 24 85T (0~200)

KEW PEW ELLLpaw
Bkt (gH.0/gDW) (450~900, 44 600) (1250~3so. 44 300) (40~150, T4 84)
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NAR" (g/dm?2d) £ (0.5~2) & W (@~5) - FEL B (0.015~0.018)
CGR? (g/m?2/d) £ \(195*1.9) &\ (30.3+138) —
B RBHEEE (t/ha/y) £ \{22.0+33) & L (386+16.9) ELLED
VA-TR 4*. a4 ¥, F®oay, b9 F H$EFY, N4F 0T,
R&H 1KY ko LyvYy, £735, ¥ E, 77, ex%ofh, ¥ YVav¥vsy, Toz%
&, vaa% HHicB W,
1) NAR: $ilE{tR

2) CGR: H\h ALY b oslid:EE R (CGR=LAI'NAR, {BL LAI 86+ TR b oREEED

MNREPEAEEYE L TELZ0T, BRRFOME
2CHfiE LTEF LT B, ik, CAMEHIIEL
WEZRBUEICEIN L TEKROBHTIE VY, &I K
bRONB LI G, Cy YN THRR (NAR) A8
ELLF20T, REBEEZENE LRLoXRE G
Lighot,

C T Bk doemEERY - b &
TdHo, EROICIBPORE,» SIFHZE TIKER K
DOft%E, REOLEBERTRHRLI-bOEVS (LEIE
M, 1983). % 7:, HYIOBIERE S T, KAKIC & 21
ORYEE (—REE) »OBHOMRRICE 2HREEL
glniz, EBkOHMEMREZ V.  OREED S
HUBEOEHFEDLIINEBR V- boBFEROH
meisa,

C CTIRMETHEE L TBBT 510, Et7o+
ZIC20WT, C Mo EKR%2#H: THAMOYEE
100% EREL, HbEELAMAKYE o€ 20

Box x ¥ -FHA L FEYOMEESERE LT, dl
BHEKEZ VO 2V F—FHERF L. b,
R BRI SR T T & 3 B RO IR K % §E6
TA3EA&ISVWT, K1 Dk S SFfKe 7V ERE
L, Bk 7o 2Eick ) #liEAKEHERT 256
DI FANVF—NHORFETE 12, ROT, KBH
M EFLE LT, #BREC VLT X VF -
FrETE -1

TN E 7 VT,

(a) HHOE/KRIL, FMOBOPLPANIRHEFICL >THL
WERMS S (ILUEIZH, 1983) A, T3, WY
VEARERLO 600 f (C, YO THME) & L, EELH
s Cy HAIIT B B RRMNS, 1.0 kg-824/m?/y THi%E
AT S dicid, 600 kg/m?*/y DRIMIKELE
¢4 BbDE LI, - T, FERIRE U TIRER 600
mm OFKY, TXTHICRNEN S Z &Y Y
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#1. CO,EERERICT 3 3 MOEFHMIOHK.
(K1, 1980: pp. 439-444, 480 % )
CO, [EIERH
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& F R 5 b R R BRI
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MREEAFHYIE L TEX 20T, BKREOHH
2C & LTEFNMET B, 71k, CAMEMIIREL
VIRBHICBIGL TEKROEBH TR VN, K1
bRONB K ST Cy Cy HIMITHLRTHERE (NAR) A
FLLFH30T, KREEEENE LR bosRE
(DRAG 2% ol

CIT, Bkite dhifhosemtEiEmY s 0EBR
ToHbh, EROICIHEMORED ST TICE LK
DOft%, REOLEBRERTRLLLDOEVS (LEE
», 1983). &1, HHYOSHE L&, FAKIC X 2K
OREE (—REE) hSHBSOIRERICK ZHBEZEL
gluvv:, IESkoOfEPIEMMAE VS, COFEE, SN
BEAESEOoLHF LI EA2BRVA bONEEROK
meiss,

TR ssE L TRET 510, RtSox
ZiL2W0T, C EYoEKREMALTHBODRE
100% EBCEL, BOFELHMAKNE 70 2DH

BoxFN ¥ —[FRBf L GOt ELfEEE LT, M
BHMEF VO LR VE-NKERIF L. $abb,
R BB &G T THLELE S 3 RO K& it
TBREAI-WT, K1 D& S5 SHlHfkE F L EEE
L, #kBidi 7ot 2%ick o fIMAKERRT 2854
DI ENF-NEORHNEITHE 1. ROT, LVBRE
HisEFLELT, MREC VLT X VE ~IGE
WETE- 1.

HiA € 7L TR,

(a) FHOTAMIL, FMoOBVPANRMIL > TEL
WERMS B (LHED, 1983) A, T, Y
ERERO 600 £ (C, WMOFHM) & L, EELHE
M5 Co HITEH 5 FRHEH, 1.0 kg-EEH/m?/y THikE
AT S f2)Icid, 600 kg/m?/y OHIMIKESLE
¢TBbnE L Thid, BFRE L TIIEM 600
mm DK, TXTHMICTINEh 3 Z &y d
3,



(b) BEELBAKEITXTAR»SH#B TS T

2, FERMKOFERIZ 100% &35,

() KEAOER - EEREHRLBEEL LAVWbDETS

3,

(d) BHZIERT 3881, REBYHEE 33% &1 3.
(e) AMEMRERY /v ORFERIE 50% & L, BERE

TR ERMMAE T 20513, BUEREO R (390

kJ/mol) THMHT 3. +4bb, HHEOH GkED

ITRANF-R/BL 7020z 2 L& —FEHE) %

REEEHRL LT, AftHEke 7L ORBIEXEE

LTosWEoiEEL 4 3.

#-T, CTEZLHMMMRE T VI, HADOEY
B LHIET, #lRkOREDRE L UCRAYRS
Z 100% & L -k iifkitictind 3 60TH
3, ERiciR, ©RtBToMEOBA T, BMXIR
NS DEREIOHMAZOEBEM LD, TR
Y370k o AKOHERIZGMS 5. FIZE,
CNIIEARIR OB TIZ VA8, FLK (1988) 12, thFo
FEBEERE LT, FUBNMISOEZHAT, EMK
1t 1,600 mm i=%f L T 1,000 mm DOHEFRE, & Ahik
FulthgEsk T3 2,500 mm Ll Eopkiicxt LT 400
mm BEOERRMTH > 7- C 2B L, FHEREY
BFIcL 0 BEKRMRIEEIEERWLTHS,

2) BEMHRETNVOKE

CARMIC 1) 2 AR OBERIE, K& 3 TR
KoOFHOM, Rk ALBKSEKERIICE 55/, b
LKRESUHMTROFIE, K« fikogkibic & 5%
BkOFIE, BK - BKOBEFRSENELON S,
b—E bk, ERHAOBRSRIckEEES
ZEIKOFATSH 5. SRR TR, BROEMHZED
HREL, fEPMOEBI WAFERMSEL, HEiC
FBERADIRWEHEICE, ROEABNELL S, Bl
T3, FKBERNOREICLD, 5000km BlEoEV
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WREIMBRMENIPSGHTETVEH, hicidEFH
PHRENLEEEZ RS A fEEsER s hTVW 3
(Mvyers, 1971). HIFKROH® Y Fic k 2HKaE EFFIA
RIRBICHBELKETS 548, RIS TRAKEO+ +/°
VT4 —ICHREIL S LS B, ,

BN, B3R F OBREKSTEMICRGTE S
&, ¥ LB oRMIAKE LT HRIAMMKREN S
A, BUATR TSR RS L TR ERs
AFRBHTORW. AN bDLE LTI, hETD
EMMIRE T, BEMIRHEBIRED 7o 1T BT « ks
BEHEEABL TR O TWVWA I L HH S, MyERs
(1971) i3, BETHEBICMHL 23 S IcRWigkBiE Y
EHIRFTEESRBVWELTWAY, ki (1985, pp.
192-193) i3, 1 25 A TRBEKEEI R FOET
A2HATEMED ShTEY, i TalEKkPHKD
BHEFIH OWFEHEL hodEd oh, B ARBRROE
FERKPTHRAKERS o BUEER AR RH S
NTHH, MBEAKOHMOMELEE -~ T, BitEkss
BERKELTHATE LSRN BHbIEY, &b~
TW3, B, BEGK, SO TN BEKSIE S
ELTERALEATVWEOR, ERDz ALV ¥—%FH
LTHEBCL K EERHESMTIBR 79 v alk
&, IKEBRMNICER S 5 BHEMERIC & 0 Btk 2 WE
TEWRBETH .

HIRBREMEO—R L L TopBofigbogaic
RRKEFRAT 501, 20BEHSELT, MELE
ORAKDORFALE Y TRESLEHERERRBONT, £
—ATRARMEELHBATIBNND S, 0Ly,
REF(3) T, FFLEONBEEKOFAERLE L
KEORFEEEZ, AifMEREFVvOKEE LT, BB
75y vath, BREEEEZ, BI{LABRKEELS
F#E UTHA L R vwigokBisgid: & LTSI X
DKk, BLUBEHFORMBIz>WLWTRIT 3.

KRKMBRIATE 28881, HRTIETOHUHK

Bk BERE

1. psbofigkike 7.,
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IENF-3E0THEY, HHREOHRAV¥—
A THNLBEKSE T A V¥ — ST 2720, #i
CHBERLAANF—a R FEHEL, ChEe@4TETH

~5,

3. HREAEFINICEH T B3BEKELED T RV FE—IR
*

1) #kigkibick 3 (1]

— 3RSy vak—

(1) BE75 v v hOBE

kD SHKEBD oD BHERE W TVWEEER Y
5w vatkid, BREICLIKOFHSY (B 7o
2R THB. BROT 5 v v BRED, RORDOER
BEEROBOERBHRE LTRHT A LIckY, #
2L HEHAMCRHIAL Tz A A F—OBFWEMNEED,
7ot ZADEIFHENOHIFEER S bDTH5H, Fot
2 OFEREIE, EWRBREEHo R b EARa 2D
BHARDICT S 8 BEETHS. BEMBVLIREAD
ZHEABOBHRICL O ARE LTHERT 2 A ORE
I, $HhbL 7oL RBASNBEKT 3V F— 3R
W BH, BERSBMEICL Z O CHRERESEMT
3. Fi, BEMWIMT 3 LRBETE D LHICHER
B EMSBRMICIRE L TS 3 1%, ERANKEREIC
RBRBHMSH 5.

(2) BB759vatblick 3HMKAIRO T 2 VF -

53

B —BIL TRIPUEETH BB 7 5 v v 2 ikic
& koYK EEE L BaDx 2 M F—IUE%
R2icrd. Hxixsd-BRoBaOER¥%E 10BET

hid, 1,000 kg DEZ, S 10 E0gKkBBONE D
5, #IkBKIEER O AKURBALIZ T 0.1 kg— &K/
kg—#7K (250X 103 k]/m®—7K) &4 3, B~ T, #ik
Mk (600 kg/m?/y) Dx 2 AM¥—3 R ki3, 150x10°
kl/m¥/y &153,

COBE, BMMHNOo AvF— a2 b BLUERL
No# v 7HHEORERBUEEELEVWTS, K2
Rt &, ZRBGCHEREh 2 L¥-13,
BRI LVEBINIREOMBET X VF — (16X10°
kl/m¥/y) ko—HikEWw. bbb, H45-TOE
SWHERAS N A EABE w4~ 2R
D o OHEHRIR Y AhoRERE, £1 5 -PRE
100% £ LTH, BEEShIREROHOIELL S,
H-TIDON— Mk BRMETRRREEHRIZF 0.1
iy, REFAEEZo€RE LTRELLL,

ik, HENSE7 5 vakAic, BELSRE Y
27 LR BBREOE L A V¥ —(LHRFTFEhTVS
(miz s, 1978). Ch o RBASERLTIRIBAREM
MFRET5 Y FERT 166 kWh/m*—7k {170 x10°
kl/m*—7K}, HAEFBHEAENRAB L3675~
v 2 23 &b 1 FITRBRFRBN G ESHTORT
T 113x10°kj/m*—7K) F&, hipoHE R
F-RhH 5, THELLENTHWIBEI Sy valk
RHELT, FRVCHRBUNEESNZLEVAL
W,

2) #Kiskibic & 3R [2]
— AR E—
() WEEOBE
BH7 5y vaikicfby, HERHAMHITVS,

e 1kg%¥/m2/y | ------- '

= ;
EXEl B (BB77972) :
EXl o

-""1 150 x10%kJ/m3/y |

[ 16 x10%0/m2y oo !

B2 #pKikAkibic L 2l [1): &7 55 v ik
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(28 xf—Awna

A4 3RO

33 x10%kJ/n%/y |

[ 16 x10%Ki/my  foeeoeee e E

3. #@kgokibic & 2R [2): FiRFEEk

Hrxn¥F—Mn TEAREE TS 2 0REEEHVT
Yok e Wis LAIMKEE T 3855 E L 3.
HELEER, kAT EED LEA * v SORMYOE
BEMIEY 2 BiEERO—F i BEOSEAERL, B
ZEBL T BkEREKE LTENT 2 60TH 3,
DMICEL TR, BROLHINKELLANF -2 0B
& BB EDE VY, BENLTEBESOLF
RFry e BELBDOT, ChEBAZIENEMAL
FhidaEriEc o3,

HHOFEELREC X HKBUED = A V¥ —HROE

B, WIREE Y 2 — VAT 3 HHIBRUKRE #
Y7OMBRBNITHY, £OREBAIIR 4~5 kWh/m?
{14~18%10°k)/m*—7k} (#8)I] - 48, 1990) TH
3.

(2) WEREEIC L BHEHAED = 2 V¥ — K

BREEREER 3 ICRT. AEHHRBELE 6 kWh/
m*{18x10°kJ/m*~7K}) & L71B8, BirAmBy
D FAFE—aZME 11X10°k]/m?/y &1ib,
B VEEE B3 2 0¥ —-D 65% BEEL 3.
Lo L, HEREBNHBHOEEIR, REBHERHM 33% &
L LT 33x10°k]/m¥/y OBREHEIL s, BEEX
haRERIVBHBEShARERMBBL B0, REEE
BRI LILITEL S,

Sk, WS & 2FUKOEENE & 3 v 7H 0
I EBBARAEL D > DT, #K (EIE 35,000
ppm) & D {EVESEKOEAE, HYOFBRYEOT
REHEMH 5. FUKPOERES 4,000 ppm THERN
97~98% DA, REOBHFEBEIAS 24 kWh/m?
{86x10°kJ/m®—7K} THb, HBMICLbFBLIH

1.5~3 kWh/m*{5.4~11X10° kJ/m®—7K} & 733 @hs
MEF 1987 itk WiREA TV 3,

3) #kigokibic & B (3]

—XKERRERIE—

=2 [1] 2] TRI&LSKE, BBRIFTvvadd
BB &b, #Hkd OBk EBNE U CTRERRIKIC
B ik E F TR, EERBMSTTELTY
IREEEDENS 1T ELD, REEESo€RELT
BEBIELBZWI EMFShEN 1, ok, BicH
k& L T Basin Mo KEB#BIEEBRAFAT 4
BRSOV TRN AT -1z, KBS TR, KEER
DORMICBT Iz ¥ -RARBICLIHBEh3D
T, BB R F—1FUKEBRKOEXH DA &1
D, LR OERRIDE W,

(1) KRBSBEORE

AR T, KEBSFIROBEEXS 2BEOHINT
ERbS ATV, KIBMBUEHT I B0 L RRE
AL LABEER (F& LT Basin®Y) EHEEDT

KL An¥—

BHRIEK D

i \_iH.HHMTTTﬂUMMTTf
. - f Mk A | SSSFE T
WA 3 70 (2 G080 He

B 4. Basin MARSSMBUGHER (%HE, 1983).
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e i

X B Basin®!
KRR 3aERIE

(4, 600x103kJ/n?/y)

| i E . 4-0. 8

a/haj

& 5 k|

| BaEY 3 x10°/0%y | (ikdom)

16 x10%kJ/m3/y [----m-mmmm e !

5. #kgkibic & 28l (3] KBS

1R S 5. EERORFZTH 3 Basin B 4 1T
FRTEIRH 5 RABOL S BIEIRT, BHKSEOEEK
2o LickiiE, 2h2EHIBHEH —D O 5.
kiR A, KEBROBRMELWTF L TL%E
THN—ENTED, BAKC L - TREKHMHE TR
BERS. N —DOHBRY I ZAPEREBDTSAF v 7
T, MBRESERINSE, A —IcBETOHMH->
BonThh, BOHOIHRICE > TERKERIT 2
KiisBREEhTWA, FEACIR, H—-2@LTA
$4 2 KRB ETIR L THY S hicRkd o &S E,
BRTBEBENIHS AAN—DOHRTEICEEIEI 0
T, KiE#ho 50% LLEIEmoBpE, ik~ o
K, Hh~OERETRON Y, KBHOFIALR
& LTid 30~40% i L, HUhiie L Tiaeh®
&V, 1960 FERICA -+ 3 )T, ¥V U7, KES
T, 48 20L ko Basin MRS ¥ MBF ST
3, BHoBHEL 1,000~10,000 m? DERERIEH b,
Bkftiz 4~2Tm¥/ATH 5 (il - pig, 1982). #
Hut e, EIcERT 2RI X 3 RBROEBTI
TS 2 LBHH B,

(2) ARSI X 5 AN O = 2 Vv F —IGE
Basin BIKEISABEIC & 2 AIMERML DR ER] 5 TR
T. COBAREKDG SESERET DO X
LF-RABITS 95, {LABEHIERES, A%
& LTREUKDERS EFPHlED b D+ v 7B
<&\, Basin RIARBBBEOBAICHIELE L5414,
ARz ¥-0FWETHS. Y9V T7IETHLD
<o 12X10°k]/m?*-H (AXOHIOBKH D A

iz 20x10°k]/m?- B) OFGAMNBE TS, ki
N3 2~4i/m* BTH 5. #-T, FEREKEI 760~
1,500 {/m*/y T 205, RLEAT 1 m? Hib 04~
0.8 m? DIIEHMMMELE WS T LItk 3, Thbb,
RALERIO#ESY, BIZ 1 100 5 ha ORiEKIZ I,
50 77 ha Ot EERE+RE T2 Lici 3,

1w, FUkoRs L, G sk
» 5 40 m THhiE, 50% B TERERER 2R%T 5 &
LT, r—2 [4] ictidb 4 25FHF (400 m) » SOHS
LiFEhD 1/5 T 3.

4) RHAPRAILKLIHER

() FHFPHHOBUR

Liaiodkigofic, RtToRFIAKERE
LT, EEMTREAGERAE LTHRT 20085
hTWw3 (HiE 1985, p. 20). 400~500 m DFEHFE,
BFicid 1,000 m i T 2HF AR, FHEMTROB
Bici3, BBTELbH 5. Ub, KETH, =a-—
A F v 2RO OfIER¥E T3 152~183
mOEIICELTWAHEL SRIBKERS EIFTW
APBBNENTHS (SFY o2, 1980),

(2) FEHPFIHIC & 5 FHEHENKD T 2 0 ¥ —I]X
ZITOEFNELTH, ¥9 Y7 FETO Fisal
Settlement Project at Harad Toit@E2Hlict v, F
B TR —400 m » Sk S EF Ik DBUKT 2 60
LT, RUBRAKEFHF,HSOMTKET Z2HEI
WTxANF-NRERT LI, SRER6 ICRT.
EHFRERS LFR Y 7OREH L, As0TF—
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F"IHEMHHI """" :

HITFKEL 400m

:
-------- =
oIV TSET

Faisal Settlement Project

at Harad

L-w—l 13 x10%kJ/n?/y 1

I 16 x103kJ/n?/y } """""""""""""""" :

Rl 6. PRI 2

S (ynInvFETy2,1987) T400m DO~y F%F
THARR Y 7REM N -1:DT, 250m D~y
FT60!/min 2% Lif3KkhK v 7 (-5 -
55 kW) 2HE L, hBE®H %A EIc LD 400 m
IKIEE L HBEBAHZ, Ry 7Ee—9—DEKOD
85% & LTREBWEREERL CHINT 5 &, 13x10°
kl/m?/y 133, R LRy 7OMHTEEBHET
3561, ChosTEEShB3RERD 80% Ul
TR LK B,

4. HEMRTOIRINF—IX FOEER

1) EEREOIRIF—RE
CCTit, ChE TOBBEL /- Ak E 7 vicxt

L, #iEORKOBHHE, MEEHozxL¥—32R
FEEEML BEO, ZRANTEKERD T 0¥ -
X%, BROAAFROMREEZ o5 SHEHAEOH
TRIET 5. BL, Lok T o SRR &
K ROTMMIEEICET 57 - s RiGohiikh-1:
DT, THIKBVHDELTY 2 A+ THIETO Y22
PicBid 3, ABBETORBOF— ¥ (SHERKEYA
GOVERNORATE, THE ARAB RepuBLIc oF EcyrT, 1983) %
fERL 7.

CCTORME LTI Citrus 8L Grape HEZ S
nThh, (EVNHEUKENS, SR, FEitE Tl
wohTwa, BN, [, EMERE~x-—2&L
T “Blaney-Criddle Method” ic & W EEHH & KTV 3.

oY=y biRER, EREKE 229C OB

T B

H# 7 o x —{» =]
------------- { ETerop=1,200 ke/n?/y |

K ! B 16%

-2lm r ........................ ‘| 1, 580 kg/m’/y ]

el 4 x10%/mYy |

7 PROSHEHM: Y Vv: 7T 22 b
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JURT, 12~1 A3 HErR < FHKE 20°C LUTF, 6~
8 BB < EHKA 29.1C T, RWEBE 347 60%,
HWi3 4096 THRAMDHICRT 5. BRI, £ 284
mm (5 #EFEY) T, TOREAEN12~1 ATHD,
et 2 EDRRE Lo LYiahTW3, ik,
Bl 5 HEOELERRRRE 8.3 mm/day TH 3.

Zh o ORBO SRR BT 2l AL
% 76% & LT 1,580kg/m¥/y EIHEhTHb,
FKEL 21 m, GE, BEOENMRESEMEL o4 v
704251 (H) {3 576 m LEESh TV 3,

B E —BRARORBMRELE ST 27— 138 SN
7D, T, BENEREMEERE LT
TANF-NEORWETN -1, BEbOEHER
B Hinry (REERROFEHT 16.1%) (FFH,
1968) THLPIL 7=, BREER 7 ICRT, Ry — R 1TH#
M T RAI AR\ o tD, BHEOA THEEEZRFEET
WBILbhboT, TRAF-IHRBIFERMNE
ShTwa, 4k, EifNRELTOY —F v 7YORK
B AligkED 8% LREIShTWAN, cZTox i
WE-RFEREBLTHEY,

2) WEBEOTRIFE—IX P

CCT, RBREOIRNE-TRMIOVWTERT
B, AHHERY 27 L0 R i, FRMBERER
T, KE (1985 B) T $1,500~83,500/ha, HifE
Z b i3 $50~8200/ha/y (Bucks and Davis, 1986) T&
A5, RF—BUR%EEEERHET 54 kI/H, BiRE
HT53kI/M (1978 fFickit 3 = 2 v ¥ —Bifin) (B,
1990) &L, A#L— % 19854ED 250 /8 &4 3
&, SR RFLDTRNF—-aR b iE, BT
2.0~4.8x10°k]/m? &iHET 0.1~0.3%x10°k]/m¥/y &
153, BOWAEEMHFHTH 30T, BRKICETS
ITEANF—aRPEETEORBNTICHET I L
TELVY, FASHHAERESEL LTS, b
UHECET 3 R/MHOz V-3 X Mid 06~1.3X
10°k]J/m¥/y EHfEE& N, RBINEERITT 2 LTXE

PN BEREGESIEVY, BEATELVWA - —L183
EEZONSG,

7o, FIRIKEL b AMEEARE 7 v 0 600 kg/mP/y 12
L, EBOMBEEY 27 L00TH 2 Ri0FET
i, AEBEOHETEI T 3 SN T b AR
76% TH Y, AMRUKREES 1,580 kg/m?/y &, —fE%
LEicii-Tw3, Thid& iR L AR
DHEMDOL S iz, REREICL > T, HYOEFREIHERH
RIEBLHTHAS., -T, GIRHETOREN I
AR DRFINE L, < ToOREkE S VDL S
BNy — 2L BILTELEEION B,

5. WIRPKORBENIICEF SR{LORS

IR TORRY ANK I RIEFTELOERI > W
T, & AEHM(1989) 0% 2 DRTTFERMREX
htTna,

# 2 ORBEER TR, BEHRKLE > TOILLRFIA
MWThHayvvF, HE DEE 10~20% LT 5
Eitkh, REPCEEHMML TV AREBYT ROK
0{Er MIEVIIMEETER L EhTWS, LL,
Zh s oigoifitkic & 2Lk, RRERAEE OHIR
KL -THY, HEEBRRICEZA 52010, Bl
BAZHZ 32T, MBKOERS, ok
BicHlox AV F—HBRNSRET S LICL B, FMlC
L ORMEER S 7L TR, KBARELARVWFhD
Bab, BEShAREREER 2 V¥ —DiRINT 3
RERTH - R REERRI, LWk, AR I1UT
TH3. ChoDEFUHSHIBHESE 100% & L BE
FTHBIL, BIUBRMREZOz A V¥R M
CRBAKPEKRD T ZANVF MY ORI TREREH
TWEWI EHREX B L, BREOTEMREICE 3
BPEHPIOKEEEA R TIE, R20&5 BDEHO
RILMREBRE 7o R E LTHRET S EEELIL
W,

—%, KBEEFIE L REEAREKCRIET 3 C

#£2. HHICK B CO, oWINEFE. (FrH, 1989)

ifii it giic £ 3 Bt ® ks h
£ % (1975 ) R S E R BT FEE R

(87 ha) (t-C/ha/y) (%) (f& t-C/y)
¥ N v ¥ 1,500 4.0 10 6
B ¥ & R 900 5.0 20 9
Bl ¥pn 1,800 4.0 10 7
H o & 2,400 3.0 10 7
& ) 6,600 3.9(Ey) 29




iz, BHTH 2EHRKBIEERTH 5 Basin D
O NBMENBE Yo+ 2T, KBEOZRVF-F
BBV D IS RERIMNER L L b, LmBio¥ 5
BEOEFARAERMSLETH S DS, 0T TIRE
EHEEWAILW,

15k, 2 T, Wil < wHE - FEH (1,000 57 ha)
&k kA - #ith (1,400 §7 ha) (23D THWSHH
(&H, 1982) %, HoWEs LT—HELTR->TW3
AU bRNEEN S 348, MK X b BRBIOBBEREI K
OHIFRGNE L 3 BRDEHETORILICE, X7 7
D—FLRRUEIRFMBBLBETHBLEELOGNS.

6. HWERAWM{LHEE L TOHRORIE

HREEEEE LT, ABMOKEOPD—D2THS
o ehREBEEEE LTEBENTVS, UL
SEIOKET, PERbIC & 3 RREE RIS TR
bIELRRE 185 AKORERN T % & — L LRI
BT EMPSHEL . REEA AHIBMEESE L
T, BHEOTHNIMEK 7 o & 22 DERL7 o+ Ikl
BRAL T ERBRY TR, o, KERSBHEI L 5K
Bic-> LTIk, ROSHERMLLICL Dz A F -]
¥EHEL, BYROELEE D > TELmMATEHIRL
TW IRMHELEZ OIS,

SELARB 2 v F-ORBAEE L TR, KR
% ikkBld GEREE L IBRUSID cllAMAb T L
&b, KEBSOBYMAROMEELITES I EMBRRS
hTW3 (n%EE, 1987; Nepo News, pp. 22-23, 1990,
7). COBEL, F—ILYRFLELTR, BEDOK
BBMNERFTCREBVROI A VF -3 2 FHEL
(LB, 1991), 7o ZRDFA 7H A4 2 VTDIT RN
F— I FREHH 5, Atk BUERoMBsEE L
3,

BAALLA O BKBERDFEE LT, HTFKOFIAII
DSVTHIRINF—INEERIL 128, BEHFOBE
i, #v7hsERERTEES hAREORBKR L
B URLSEL 2 30N H 5 DT, &4 DRGEHIC
VTR AF -3 R b FEEICRAE LI, Ry
ZEEEE LT, BEAEL FHELIHLENE,
HETENL,

—F, Wi IO RKOBHRIABRITH 5
Rainwater Harvesting A$%:# (HiLer, 1971) LTWw
3, i, EMEFROLLVHRTS, KWERHS
B - kTR THAThIE, EALCRAKRBEOH
BIEERBLAGOT, BERRWBELELSHSER
FgFRA 50~80mm LITFdDE I ATSH Rainwa-
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ter Harvesting ic L B3 BEMTTHEDONOTVS, bE b
BB, o RARDELRRAL TITRDO TV
HUKERI TSH 545, 1950 FEARLIEIC AT IS ith R W
k% FIH L 72 Rainwater Harvesting 254 — X b 3 1)
THEEPLA X5 2 VETERL (NaATIONAL ACADEMY
OF SCIENCE, 1974a) &h, RA— ¥ vPH v 7 +ICHbHA
EhTwa, 8, COEREIGRELT, —Fx0R#ED
B 16 m*~1,000 m?> Ok ) 7E2HERT 574
7O0F* ey FAY ML RTTAND Negev WITIT
H N T (NATIONAL ACADEMY OF SCIENCE, 1974b) \v 5,
F1, HkEH TRV, fUAHEEETER —¥LF
HhaFgo-oi3 et L, Aiceefgs
ABOTAREFOBI/NERGABEE (BE,
1988) MiTtibh T3,

WER LA R ABEEY 2R 74 & L THlEXE 512
Hizid, {LERhckEEOF VTN 7 0 £ 20EH
o TR, HSHICIBREhAETHAHIH, 0
LHNEL R NF AR ERLY 27 LD RAL
EMMETHAI.

B O

ARz, AHERAHMEIC X5 @H AmEREEEE
y — DRE N AFRAERARO—RE LTHEBLL. RERO
Al E WA VT EICRBT B,

5 B X i

NN « HHEEE (1990) HREMEA VL 7o+ 20BER
TSRS < = 2 7 v ] 205-216.

AN G - TP ¥ (1988) HIMMEED L QURSRE. [
58: 705-713

T I3 48 (1978): [H7k#k LEE#T): 77-90, BAEERE#R
Hits,

IMETF (1987): MhE ORI 54 2 DR DB & BHE
B2 (FHITRA)) + 3 5 MEIBRET RIS 54 p.

/NEMREE (1990): B EHiIMNIZ & 5 CO, Bl@Hkil. TMOLJ No. 5:
56-61.

PERAAER (1983): kBRI RAERALE MEkEH—ka
Ho$~xT—) 77 %, 132p.

RN KER - drg3EaL (1982): KEBSFIRABKILERKORIRE
B TABx 31+ —oEkA~oFRAEI#] 382-386, 7 ¥
FII AT A,

B B9 1990): MfEic B3z A ¥ — (SR LMEA MRS
L UEZ ) 65: 683-688.

YeRE—B0 (1985): MR LO BRI 7134,

QAR (1988): T & AMo3x{bsa] BABuSHiiS 109 p.
YNIANYET Y 2 (1987 YN TNy K7 2 REHPKE
# oy 7ihEdR Ty v 3~y ¥ 7y 2 ) SARRIERT, 248 p.
FHEFE (1989 Bz A& —Ic&k B 70—l CO, HEHHI
e, bk 3 CO, BDHEE. [REHESE) 68-10:867-

875.

PFRBAR(1968): TRE « £ 5XOML. - TN F 79 27) B

4, 302 p.
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SEHY 4 (1991): MOERBREID © B KESERBoTEl:. Mkt
W&zt 70: 17-25.

SNEY 571980 a—AkvaMicEi ZNEEEDOT %
N¥F—-ERNR, TRI|EES 20 ¥-] 317-329, [k
ittL.

A4 R(1988) WE{LOHEE—F 1 77— I v 7 OHKYI—.
[F%] 58: 618-623.

FHEYS (1980): EiizH: MEAREYEERE) BT, 437
-475. .

IR HE iz D4R TEYFEEEE  B=RRS (1983): HiE, 1320

p.

R (1982): KXichd “B{LRFERM 1ot 3 b8 LAEER
DORE. [HER{LF:] 16: 78-85.
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Energy Balance of Irrigated Afforestation of Desert for Carbon Fixation
Kazuo MaTtsumura* and Toshinori Kojima**

Energy Balance of irrigated afforestation in arid lands was studied to evaluate its contribution to the
world carbon balance, since the desert afforestation has started to be claimed as one of the promising solution
to reduce carbon dioxide, a green-house effect gas, accumulation to the atmosphere from fossile fuel com-
bustion.

An irrigated plantation model of forest of C3-photosynthetic plant was developed for the energy balance
calculation. The model demands 600 kg/sq. m/year of desalinated water, taking the irrigation efficiency being
one hundred percent. Three industrial desalination processes: multi-stage evapolation, reverse osmosis and
basin type solar still, and a deep well of 400 m depth were assumed as the water sources for irrigation, as the
surface water and the sharrow groundwater of low salt concentration are to be used for agriculture for food
demand growing in the area. .

The energy balance calculation, based on the major utility consumption for the desalination plants and the
deep well, showed that none of these irrigated afforestation models contributes to substantial carbon fixation
except for solar still. The basin type solar still will require, however, about one half hecter for sunlight
receiving area to provide irrigation water to one hecter of forest even in the idealized irrigation water
requirement.

It is necessary to develop highly energy efficient desalination processes for irrigated afforestation to
become a solution to carbon dioxide accumulation to the atmosphere.

The study was conducted as a part of a research program of Petroleum Energy Center, Japan.

Key Words: Desert Afforestation, Carbon Balance, Irrigation, Green-house effect, Arid Lands

* Life Engineering Business Development Center, Toyo Engineering Corp., Akanehama 2-8-1, Narashino 275 Japan.
Mobara Laboratory, Petroleum Engrgy Center, Japan.
** Department of Industrial Chemistry, Seikei University, Kichijoji Kitamachi, Musashino-shi 180 Japan.
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Water Balance and Evaporation Property on Bare Soils in Lysimeters

under Constant Weekly Water Supply

Kuninori OtsuBo*

Abstract

Water balance on bare soils in lysimeters was studied with artificially controlled micro-
meteorological parameters, such as room temperature and humidity, and soil temperature.
The room temperature was set to 25°C in the daytime and 20°C at night, and the soil
temperature was set at 20°C all the time. The humidity was 70% at night and 50 to 60% in
the daytime. The influence of water supply (rainfall) volume and ground water level on the
water balance was studied. Two cylindrical lysimeters, measuring 1.7 m in diameter and 2.3
m in height (we call them Lysi. #2 and Lysi. #4 here), packed with Light Colored Andosol, were
used for the experiment in the non-vegetation condition. Lysi. #4 was frequently shaded by
a structure over it. The surface at Lysi. #2 was aggregated more and was softer than that at
Lysi. #4. The water balance was determined by evaporation for all experimental conditions.
Only soil moisture on the surface and solar radiation seemed to affect the evaporation process
in this series of experiments. To confirm these, the evaporation property was investigated
precisely by the use of an “evaporation” pot and from the viewpoint of heat balance. The
weekly evaporation estimated by heat budget method showed good agreement with that
obtained by water budget. The evaporation process in the water pot qualitatively coincided
well with that of the lysimeter; however, the evaporation rate of the water pot was always
higher than that of the lysimeter. The evaporation process taking place in the lysimeters was
categorized as the constant-rate stage of the drying process for all experimental condi-
tions. The evaporation at night did not differ at Lysi. #2 and Lysi. #4 and was stable
throughout a week. As the solar radiation in the daytime was much stronger at Lysi. #2 than
Lysi. #4, the evaporation became larger at the former. The sensible heat lux was always from
air to ground and accelerated the evaporation rate. This condition corresponds with the field
where warm and dry air is blowing over the ground all the time.

Key Words: "Water balance, Evaporation, Lysimeter, Bare soil

1. Introduction

Only about one-third of the earth’s land is
covered with forest and about one-fourth has
undergone land degradation, especially severe
in semi-arid areas. It is believed that humans
have turned a huge area of the world into
desert, especially over the past several decades.
The desertification due to humans must not be
allowed to continue. The fight against deser-
tification is one of the most important pro-
grams to conserve the global environment.

It is believed that each area on earth possess-
es its own ecological system corresponding to

its carrying capacity. However, the ecological
systems in the areas having a high potential of
land degradation are so fragile that they
are easily destroyed by over-cultivation or
-grazing, or improper waterlogging for exam-
ple, and are gradually reduced to a barren
desert. Human activities and plans for devel-
opment must be based on the carrying capaci-
ty (maximum yield capacity) of an area, Other-
wise, they will destroy the ecosystem there,
which makes people give up on improving
their living level and exposes them to danger
as well.

It is a very important step for us to know the
carrying capacity of the areas which are

* National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan (Received July 2, 1991; Accepted Sept. 21, 1991)
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threatened by desertification. The carrying
capacity as to water resources is one of the
most important concepts in the areas having
a high potential of land degradation. If one
can know the volume and quality of water
resources of the area and its available volume,
one will be able to provide guidelines for
economic activity for sustainable development.
Furthermore, if one can predict the long-term
trend in water balance and quality due to
human activity or climate change, a system
can be developed to warn of desertification at
an early stage. However, doing so requires
knowledge of the mechanism of water balance
change and salinization in the area.

The best way to know the water balance in a
particular area is to conduct a field observa-
tion. However, the study might be limited to a
mere superficial adjustment of observed data
to satisfy the water budget arithmetically and
would be useless to predict how the water
balance and water quality might change due to
climate change or environment change such as
introduction of irrigation, unless the mecha-
nism controlling the water balance there is
understood. It is believed that there are several
micrometeorological parameters affecting
water balance in air-soil sphere and the values
of these parameters are always fluctuating.
The effects of the fluctuations of these param-
eters on the water balance are overlapping and
have time lags, therefore, it is very difficult for
us to estimate how much a particular parame-
ter affects the water balance from field obser-
vation data. When correlated to the study of
actual water movement in soil, the experi-
mental study of water balance under control-
led environment is the best procedure for the
above purpose. By controlling some micro-
meteorological parameters, we can study what
kind of parameter controls the water balance
and water percolation at a particular meteoro-
logical condition.

To begin with this kind of study, it is neces-
sary to understand the water balance and the
actual movement of water at a simple micro-
meteorological condition as the first step. The
experiments with simple conditions lead us to
understand the principles of the phenomena
easily, and the obtained results are useful as

the controls to be compared with the experi-
mental results obtained at different micro-
meteorological conditions. We conducted our
experiments at a simplified Temperate Zone
condition, because we have planned the ex-
periments of desiccating and salt accumulating
processes in the future. See OtsuBo (1989) for
the actual movement property of water in the
lysimeter.

Although we assumed that the soils of the
areas which are threatened by desertification
were not sandy, we did not focus on a partic-
ular area in our study. The soil properties of
Light Colored Andosol used in this experiment
might be different from those of soils at the
above areas; however, we do not think the
knowledge obtained here is useless to discuss
the mechanism of water balance of those area.
Because the unsaturated hydraulic and thermal
conductivities are different among soils, the
percentages of percolation, evaporation and
moisture retention of soil in water budget are
different. Nevertheless, the basic principles
which control percolation and evaporation
process are the same among soils. The knowl-
edge of the water balance and its controlling
factors for one soil is surely useful for other
soils.

2. Water Balance in Lysimeters

1) Experimental Procedure and Setup

The controlled parameters were temperature
and humidity in the greenhouse where the
lysimetes were located, and soil temperature.
The room temperature was set to 25°C in the
daytime and 20°C at night, and the soil tem-
perature was set at 20°C all the time. Although
the relative humidity was put at 60%, it was
actually 70% at night and 50 to 609% in the
daytime. Both room temperature and humidi-
ty varied in the daytime more than at night.
The influences of water supply (rainfall)
volume and ground water level on the water
balance were studied. Two cylindrical lysi-
meters, measuring 1.7 m in diameter and 2.3 m
in height were used for the experiment in the
non-vegetation condition. Light Colored An-
dosol with 0.45 mm in median diameter and
0.48 mm in standard deviation of particle-size
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Lysimeter schematic diagram.

distribution was packed in the lysimeters as
shown in Fig. 1. We call them Lysi. #2 and
Lysi. #4 here, and the subscript numerals 2 and
4 of parameters mean the values at Lysi. #2 and
#4, respectively.

Pure water was supplied at a particular time
on Monday morning by bucket. We confirmed
beforehand that the supply procedure does not
affect the weekly water balance. The influence
of the ground water level on the water balance
was studied in Lysi. #2 by changing the level
from 2.3 m to 1.05 m from the surface, and that
of the volume of water supply was studied in
Lysi. #4 under the conditions of 65 1/week, 130
1/week and 32.5 1/week (2.86, 5.76 and 1.43
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mm in height, respectively). Lysi. #4 was fre-
quently shaded by a structure over it. The
void ratio of soil surface was about 75% at
Lysi. #2 and 729 at Lysi. #4, and their aver-
aged saturation index was about 77% and
8694, respectively. The surface at Lysi. #2 was
aggregated more and was softer than that at
Lysi. #4.

The amount of weekly evaporation was cal-
culated by subtracting the weekly percolated
volume from the supplied water. Precisely
speaking, the change of total water volume in
the lysimeter must be considered in the above
calculation; however, it changed very little
because the pattern of weekly percolation was
stable under the same experimental condition
for a month. As to solar radiation, only the
field data about 5 km away from the green-
house were available in discussing the long-
term trend in water balance.

2) Results and Discussion

Figures 2 and 3 show the long-term trend in
weekly maximum suction values at different
levels, deeper than 10 cm from the surface, at
Lysi. #2 and #4, respectively. The suctions of
Lysi. #2 decreased due to the increase of the
ground water level, which means the soil mois-
ture increased. The results of Fig. 3 show that
the increase of water supply also makes the soil
more humid.

Figures 4 and 5 show the long-term trends in
weekly percolation and evaporation of Lysi. #2
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Fig. 2. Long-term trends in suction just before water supply at different depths of Lysi. #2.
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Fig. 3. Long-term trends in suction just before water supply at different depths of Lysi. #4.

and #4, respectively.” The field data of solar
radiation are also shown in each figure. The
actual solar radiations on both lysimeters were
much lower than in the field data. The
seasonal pattern of percolation at Lysi. #2 has a
phase the reverse of the solar one, while the
percolation at Lysi. #4 had no remarkable
seasonal pattern but depended on the water
supply level. The patterns of evaporation were
very interesting. The evaporation at Lysi. #2
did not seem to be influenced by the ground
water level, although it was affected by the
solar radiation. The evaporation at Lysi. #4 did
not depend on the water supply volume either.

Figure 6 shows the correlation between the
evaporation and the solar radiation in the field.
The solid lines in the figure are the regression
lines between them for different conditions.
The evaporation was greater at Lysi. #2 than at
Lysi. #4 and the regression lines of the former
were steeper than those of the latter. These
facts may probably be attributed to the differ-
ences in the soil structures at the surfaces in
the two lysimeters and actual solar radiation
on them. The figure also suggests that one
regression line can be drawn practically for
each lysimeter, irrespective of the amount of
water supply or the ground water level.
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Fig. 4. Long-term trends in weekly percolation, evaporation and solar radiation at Lysi. #2.
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Figure 7 shows the long-term trend in the
weekly statistics of temperature fluctuation of
the ground surface at Lysi. #4, i.e. maximum,
minimum and mean values, and standard de-
viation. The seasonal patterns of the maxi-
mum and mean values have the same phase as
that of the solar radiation; however, their am-
plitudes are very small. The long-term trend in
soil surface temperature data did not have any
clear dependence on either the ground water
level or the amount of water supply (OTsuBo,
1990a, c). Almost the same results were ob-
tained at Lysi. #2; however, the temperature at
Lysi. #2 was a bit higher than at Lysi. #4.

evaporation and solar radiation at Lysi. #4.

Table 1 shows the volumetric soil moisture 4
at 3 cm layer of Lysi. #2 and Lysi. #4 measured
every 9:30 am. The values tend to decrease
for each condition; however, the decreasing
rates drop to zero very rapidly. The soil
moisture at Lysi. #4 is greater than at Lysi. #2.
Althouth the amount of water supply in the
third condition was four times that in the
fourth, the moisture content in the former was
not remarkably greater than in the latter. This
result contrasts with that for suction ¢ shown
in Fig. 3, partly because the value of b in the
power law expression of 6= ¢ is so large 6 to
7 at Lysi. #2 and more than 10 at Lysi. #4 that
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Fig. 7. Long-term trends in weekly statistics of soil surface temperature at Lysi. #4.

Table 1. Daily trends in volumetric soil moisture at 30 mm deep.
Lysi. G.WL. Q. Volumetric Moisture Content 8
No. (m) M MON* TUE. WED. THU. FRL  SAT. SUN. MON**
65 0.64 0.60 0.59 0.58 0.57 0.57 0.58 0.58
#2 1.05
325 0.62 0.58 0.58 0.57 0.57 0.57 0.57 0.57
130 0.72 0.66 0.66 0.65 0.64 0.64 0.64 0.64
#4 2.30

32.5 0.70 0.66 0.64 0.64 0.64 0.64 0.63 0.63

MON* : Just after water application of Q,.
MON** Just before water application of @,.

3 —ua, Qr=130 1 to have a particular range for each lysimeter.
8 14, Gr=eS | Let us discuss why the evaporation was stable
Y —ta. G5 | for each lysimeter under different conditions.
o 2 - ! ) The upward flux of water in soil (i.e., evapora-
E L - :2' z:t:?;sm tion) is determined by the product of the suc-
g . P oween tion gradient and unsaturated hydraulic con-
o | ductivity at the soil surface. Figure 8 shows
ﬁ b _ the gradients of suction just before water
3 e o supply under different coditions. The gradi-
2 . ! ents tend to be high when groundwater level is
o + Vo —y low and water supply is small. In general, the
0 0.5 1.5 2

1
Depth (m)
Fig. 8. Vertical profiles of suction just before

water supply.

0 changes little even if ¢ changes rather
markedly.
The weekly amoust of evaporation seemed

unsaturated hydraulic conductivity becomes
lower in these conditions. These two parame-
ters cancel out their individual influences.
Therefore, the evaporation does not change
very much in drying conditions, sch as when
water supply decreases and the groundwater
level drops. For the wetting conditions, the
stable evaporation rate can be explained by the



cancelling out of the two parameter influences.

The water balance of the lysimeters in con-
trolled room temperature and humidity and
soil temperature may be summarized as fol-
lows:

1) Water balance was determined by evap-
oration for all cases.

2) Evaporation was greater at Lysi. #2 than
at Lysi. #4, but was affected by neither the
groundwater level nor the amount of water
supply.

3) Moisture at the surface and the solar
radiation seemed to affect evaporation.

4) This moisture depended on the soil
structure, not the groundwater condition or
water supply volume, except for just after
water supply.

5) The ground surface temperature did not
differ statistically very much at the two lysi-
meters despite variation in solar radiation,
evaporation and soil moisture.

3. Evaporation Property of Lysimeters

The above discussion requires investigation
of the mechanism of evaporation from the soil
surface in order to understand the water bal-
ance in the lysimeters. The evaporation flux of
the lysimeter and its time variation cannot be
determined directly unless the lysimeter is a
weighing one. Therefore, we adopted the fol-
lowing two procedures to evaluate the flux and
understand its variation over time.

1) Experimental Procedures

(a) Evaporation pot

Cylindrical pots with 100 cm? and 7 cm in
height were used as “evaporation” pots
(OTsuBo, 1990b). Two pots filled with water or
wet Andosol were set on electric balances
which were located on Lysi. #2 and #4, and
their weight was recorded automatically. The
evaporation rate (flux) was evaluated from the
time variation of the weight.

{b) Heat budget method

We attempted to evaluate the evaporation
flux of the lysimeters in the daytime or at
night,- adopting the heat budget method
(OTsuBo, 1991). For this purpose, we monitored
the time variation of parameters concerned
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with the heat balance. Solar radiation was
measured at Lysi. #2. As mentioned before, the
solar radiation was much weaker on Lysi. #4
than Lysi. #2. The time variation of soil tem-
perature was measured at twelve levels in the
lysimeters (OrtsuBo and Kusoi, 1990). The
room temperature and humidity were meas-
ured at 5mm, 0.2 m and 1.5 m above the soil
surface of each lysimeter. These data were
restored on a memory card automatically at an
appointed time interval by an electric recorder
(Yokogawa HR2300).

2) Results of Evaporation Experiments

(a) Results obtained by evaporation pot

Figure 9 shows the correlations between the
daily evaporation E, (mm) of two pots, one
filled with water and another with wet Ando-
sol, and the solar radiation R (MJ/m?/d). The
evaporation of the two pots obviously had the
same dependence on the solar radiation. We
found that the two pots had the same evapo-
ration strength at night judging from the time
variations of their weights. These facts sug-
gest that the evaporation process of wet soil
can be studied by substituting water for the
wet soil. On the other hand, we found that the
evaporation flux of the soil pot decreased very
rapidly to zero when its surface had dried up.
(It usualy began 5 or 6 days after the initial wet
condition under no additional water supply.)
By conducting the experiments of water and
soil pots, we could study the two different
types of evaporation stages.

Figure10showsthetime variationintheevap-
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Fig. 9. Dependence of daily evaporation in the
two pots on solar radiation.
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oration rates of the water pots, e, (at Lysi. #2)
and ey, (at Lysi. #4) in mm/h, and the strength
of the solar radiation 7 in kW/m?2 Throughout
a week, e, was equivalent to ey, every night at
about 0.12 mm/h, slightly decreasing toward
dawn, while in the daytime e, was always
larger than ey, though they each showed a
good response to 7. This is probably because
the actual solar radiation was weaker at Lysi.
#4 than Lysi. #2.

Figure 11 shows the weekly evaporation of
the water pot at Lysi. #2 and Lysi. #4, E,; and E
oo and those of Lysi. #2 and Lysi. #4 them-
selves, E;and E,. The valuesof E;and E, wereob-
tained by estimating the data of Figs. 4 and 5
in mm. The value of E,, did not depend on its

location in Lysi. #2, but E,, varied with the
location with a range of about 30% between
maximum and minimum values. The maxi-
mum value is used as Ey here. We note that
the order of evaporation were E,,>E > E,, >
E, and E,>E, in which E, is the weekly
evaporation of the water pot estimated from
the night data of 0.12 mm/h, at about 20 mm.
From the above relation, we find that the evap-
oration is higher at Lysi. #2 than at Lysi. #4 for
both cases of the pot and the lysimeter; also,
the weekly evaporation obtained by the pot
was too high compared with the weekly evap-
oration of the lysimeters. The correlation be-
tween E,; or E,, and the weekly solar radiation
R (M]/m?) was clearly high, while the correla-



tion between E, or E, and R was weak.

Figure 11 does not give us any concrete in-
formation about the evaporation process of the
lysimeters themselves. For instance, we
cannot say whether their evaporation proper-
ties were the same as those of the water pots.
Such information will be given from the fol-
lowing results of the heat balance around the
lysimeters.

(b) Evaporation of lysimeters

Heat (energy) balance on bare ground in a
lysimeter is expressed as

Jo=Lg+A+S (1)

in which, J, is net radiation, Lg is latent heat

flux, A is sensible heat flux, and S is heat flux
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from air to the ground. If the Bowen ratio Bis
given, the latent and sensible heat flux are
expressed as follows:
Lg={Jo—S)/(1+8 (2)
A=pJo—S)/(1+8) (3)

For a given Lg, the evaporation flux E (mm/

h) is expressed as

E=Lg/(p-lw) (4)
in which, p is water density and /y is the latent
heat of water.

The value of 8 was estimeted from the gra-
dients of room temperature 47 and vapor
pressure de by &(4T/4de) in which §=0.66
mbar/°C (see DanieL, 1980). The vapor pres-
sure was calculated from the relative humidity
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Fig. 12. Time variation of room temperature at 5 mm and 200 mm above the surface of Lysi. #2.
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Fig. 13. Time variation of room humidity at 5 mm and 200 mm above the surface of Lysi. #2.
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data. The value of S is estimated from the
vertical profile data of soil temperature. The
value of J basically is estimated from the data
on solar radiation.

Figure 12 shows the time variations of rcom
temperature at 5 mm and 0.2 m above Lysi. #2.
The time variation of the temperature at 1.5 m
was almost the same as at 0.2 m above the
surface. The temperature was always lower
near the surface than at 1.5 m during night.
This was mostly true in the daytime. The
temperature near the surface decreased toward
dawn, so the evaporation rate decreased then
as shown in Fig. 9.

Figure 13 shows examples of the time vari-
ations of room humidity taken at Lysi. #2. The
humidity was higher near the surface than at
0.2 m each night. In the daytime, this was also
true, although the values fluctuated greatly
due to the solar radiation. When the solar
radiation was stronger, the humidity tended to
decrease and fluctuated more at each elevation.
The time variation of humidity at 1.5 m was
similar to that at 0.2 m. Figure 13 suggests
that the latent heat flux was always plus,
which means that water evaporated from soil
all the time.

Figure 14 shows examples of the time vari-
ation of heat flux from air to the ground at
Lysi. #2 and Lysi. #4. The time variations were
almost the same for both lysimeters. Although
the soil temperature fluctuated more at Lysi. #
2 than Lysi. #4 for each level, the specific heat

)
Tim

Fig. 14. Time variations of heat flux from air to ground at Lysi. #2 and #4.

3 4 5 6 1
e (days)

was less at the former because of its lower soil
moisture. Consequently, the heat flux from air
to ground was no different for either lysimeter.

The room temperature and humidity and the
heat flux from air to the ground repeated
almost the same pattern every night as shown
in Figs. 12, 13 and 14. This suggests that the
sensible heat flux, the latent heat flux and the
heat flux from air to ground during night
remained stable throughout a week.

Table 2 gives examples of weekly heat flux
from air to ground in the daytime and at night
for two sunny weeks and cloudy weeks. There
was no big difference between Lysi. #2 and
Lysi. #4 each week. The direction of heat flux
was opposite for day- and nighttime, and the
level was a bit higher at night. The heat flux
from air to ground in the daytime was about 10
to 20% of the solar radiation.

Table 3 shows the estimated weekly aver-
aged values of the Bowen ratio in the daytime
and at night for the same weeks in Table 2. For
weeks when cloudy days were prevalent, we
estimated the daytime Bowen ratio for sunny
days and cloudy days separately. The Bowen
ratios have minus values in most cases,
ranging around — 0.45 at night and in the
cloudy daytime for the most part. These
results indicate that the sensible heat flux was
transmitted from air to soil all the time, and
this flux subsequently enhanced the evapora-
tion from the lysimeters.

Table 4 shows the weekly evaporation from
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Table 2. Estimated values of weekly heat flux from air to ground.

Heat Flux in Soil (M]J/m/w)

Radiation
Date (MJ/m/w) Daytime Night
Lysi. #2 Lys. #2 Lys. #4 Lys. #2 Lys. #4
90/ 5/28 65.06 6.45 5.37 —-7.72 —5.87
90/ 8/20 74.47 8.12 8.27 —-8.57 —8.66
90/ 9/24 22.70 4.25 497 —5.66 -5.82
90/10/29 37.00 5.83 5.65 —5.68 —6.87
Table 3. Calculated Bowen ratios.
Averaged Bowen ratios
Lysimeter #2 Lysimeter #4
Date
Daytime Daytime
Night Night
fine cloudy fine cloudy
90/ 5/28 —-0.175 -0.172 —0.149 —0.145
90/ 8/20 -0.129 —0.295 —0.448 —-0.251
90/ 9/24 —-0.016 —0.447 -0414 -0.019 —0.430 —0.483
90/10/29 0.196 -0.372 —0.468 0412 —-0.524 —0.468
Table 4. Estimated weekly evaporation by heat budget method.
Weekly Evaporation
Lysimeter #2 Lysimeter #4
Date
Qr—Q Et En Qr_ En
(mmf (mm {mm) {mm) (mmf (mm)
90/ 5/28 20.87 23.18 19.38 3.79 11.68 3.23
90/ 8/20 24.43 26.44 21.50 494 9.62 472
90/ 9/24 14.05 10.73 7.10 3.63 10.53 458
90/10/29 14.22 12.98 8.72 4.26 991 449

Q: Applied water, @, Percolated water, E,: Estimated evaporation in mm given by Eq+E,, Eg: Estimated
evaporation in daytime, in which an effective net radiation was assumed to be 0.7 of the solar one, E:

Estimated eavporation at night

the lysimeters estimated by the heat budget
method. The evaporation was estimated sepa-
rately for the daytime (5: 30 a.m. to 6 : 30 p.m.)
and night. Because the solar radiation was not
measured at Lysi. #4, only night evaporation
was estimated for Lysi. #4. The data of six
days, Tuesday through Sunday, were used for
the calculation and revised on a weekly basis.
This is because water was supplied on Monday,
so the micrometeorological parameters showed
different patterns from those of other days.

The estimated evaporation at Lysi. #2 dis-
played good agreement with the amount de-
termined by the weekly water budget, Q-Q,.
The table indicates that the evaporation at
night was almost the same for the two lysim-
eters.

3) Discussion on Evaporation Properties

It is believed that soil evaporation is in the
damping-rate stage when the volumetric moi-
sture of the soil is under 75% (THE JapPaN Rg-
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SEARCH ASSOCIATION OF SoIL Puysics). In this
experiment, the volumetric moisture at surface
was 609% at Lysi. #2, 679 at Lysi. #4. However,
the results of Figs. 12, 13, 14 and Table 4
indicate that the evaporation at the lysimeters
was in the constant-rate stage as well as that of
the water pot, being controlled only by exter-
nal conditions, such as evaporative demand
determined by atmospheric evaporativity and
soil surface condition.

The evaporation at the lysimeters and the
water pots did not depend on location at night,
so the results of E,>E,, or E,>E, should be
attributed to the difference of evaporation in
the daytime, which was caused by different
solar radiation at the two locations. The solar
radiation was much stronger at Lysi. #2 than at
Lysi. #4. (Precise statistics will be reported in
future.) Nevertheless, the amount of heat flux
to soil was not so different, because the
difference in solar radiation was converted to
latent heat flux from the soil surface.

The reason why E, was much larger than £
for both locations is as follows: Both E; and £
showed evaporation at the constant-rate stage,
so the respective amounts should be deter-
mined only by their evaporative demands and
the ground surface conditions. We considered
that the large difference in their evaporative
demands caused the relation that E, is
remarkably higher than E. The pot was small
and easily warmed by solar radiation and
warm air, thus keeping the saturation vapor
pressure higher at all times. The stronger de-
pendence of the water pot evaporation on the
solar radiation supports the above explanation.
The influence of water pot height on evapora-
tion was studied and the variation due to the
elevation was found to be only around 10% of
the weekly evaporation in the pot. Thus, the
pot elevation was not responsible for £, being
remarkably higher than E.

The following are considered reasons why
the weekly evaporation of the lysimeters did
not react to the weekly solar radiation. In low
solar radiation due to clouds, the downward
sensible heat flux increased and enhanced
evaporation at the lysimeters. Thus, the evap-
oration on a cloudy day did not differ much
from that on a fine day.

The evaporation process taking place at the
lysimeters was categorized as a drying one in
which the groundwater level was very deep or
variable, because our lysimeters can keep the
groundwater at a predesignated level when the
level is rising, but cannot do so when it is
falling. The drying process is believed to have
two evaporation rate stages, a constant-rate
one and damping-rate one (DANIEL, 1982). Only
the constant-rate stage, in which the evapora-
tion strength was determined by external
conditions such as evaporative demand and
soil surface, occurred in our experiments. This
is probable because the capillary water always
reached the soil surface under our experimen-
tal conditions.

The water and heat balances of the lysime-
ters should be studied under the condition that
the capillary water does not reach the soil
surface (the damping-rate stage) in the future.
Although the supplied water was redistributed
in soil, partially evaporating into air, the re-
distribution did not seem to affect the water
balance in the constant-rate stage, where the
water balance was determined only by the
evaporation, i.e., the external conditions. How-
ever, the evaporation and redistribution proc-
esses may closely affect each other at the
damping-rate stage, because the evaporation
strength depends on internal as well as exter-
nal lysimeter conditions.

4. Conclusions

The water balance and evaporating proper-
ties of the lysimeters were studied under
controlled condition in which the room
temperature was 25°C in the daytime and 20°C
at night, and the soil temperature was 20°C all
the time, and relative humidity was 70% at
night and around 55% in the daytime. The
results obtained under the above controlled
condition were as follows:

1) Neither ground water level nor amount
of rainfall (water supply) affected the water
balance.

2) Higher moisture on the soil surface and
strong solar radiation increased the weekly
amount of evaporation.

3) The sensible heat flux was always from



air to ground and accelerated the evaporation
rate.

4) As the solar radiation in the daytime
was much stronger at Lysi. #2 than Lysi. #4
(frequently shaded), the evaporation became
larger at he former.

5) The evaporation at night did not differ at
Lysi. #2 and Lysi. #4 and was stable through-
out a week.

6) The evaporation of the two lysimeters
was found controlled only by the evaporative
demand determined by micrometeorological
conditions.
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Distribution Patterns of Buried Seeds in the Herbaceous Lomas
Community over the Entire Plateau on Loma Ancon
in the Coastal Desert of Central Peru

Nobuhiko OHca*

Abstract

Herbaceous lomas vegetation in the Peruvian coastal desert establishes only in spring,
and its habitat is limited to the southern slopes along the coast which are heavily wetted by
the thick fog. The duration and the thickness of the fog vary greatly from year to year, and

herbaceous lomas community can not always germinate every year.

Judging from the

distribution of buried seeds in the soil, whole areas of the plateau had once been covered by
the herbaceous lomas. The percentage of viable seeds is only 2.8% of all seeds. If the dry
conditions continue for much longer, the establishment of lomas over much of this plateau
will not occur and may take place only on the plateau edge frequently affected by fog.

Key Words:

1. Introduction

One of vegetation types in the lowlands of
the Peruvian coastal desert is a patchy belt
vegetation, known as ‘lomas’, established on
the seaward slope of the coastal range running
parallel to the coast (VARGAS, 1940), and occurs
along the Pacific coast of South America from
about 5°S to 30°S (WEBERBAUER, 1939; FEr-
REYRA, 1960; ENGLE, 1973; SARMIENTO, 1975).
There are five types of lomas vegetation: 1)
Herbaceous lomas [HL], 2) Shrubby lomas, 3)
Bromelian lomas, 4) Tillandsia lomas and 5)
Cacti lomas (FERREYRA, 1953). All of these are
maintained mainly by the moisture supplied
from a thick sea-fog, called ‘garua’ (WEBER-
BAUER, 1911;TroLL,1948,1956; ELLENBERG, 1959,
1981; FERREYRA, 1960). The establishment and
development of HL community is influenced
most seriously by the soil moisture contents.
The constituent species of HL. vegetation con-
sists of only annuals and perennials, and an-
nuals reachs about 70% (Torres and Lopfz,
1981). Most of perennials are functionally
annuals because their life cycle are cur-
tailed under the extremely dry conditions.

Dead seeds, Distribution pattern, Fog, Herbaceous lomas, Viable seeds

The fog appears in winter and spring when
an inversion layer develops, but the time, dur-
ation, location of appearance and its thickness
vary greatly from year to year. The annual
precipitation, supplied only in the form of fog
or drizzle, scarcely reaches less than 100 mm
(Table 1). Therefore, HL community does not
always become established periodically, and
can grow only in the specific habitats capable
of sustaining the growth of the germinating
seeds with enough water for completion of the
plant life cycle even in a proper habitat bearing
many viable seeds in the soil. Occasionally, it
fails to establish for many years.

In order to clarify the maintenance mecha-
nisms of a sporadic establishment of a HL
community, dynamics of the buried seed in the
soil throughout the year of the lomas estab-
lished and of the non-established variety and
distribution patterns of buried seed in the cir-
cumferential area were studied.

Since decomposition of dead seeds and seed
coats was difficult because of the extremely
dry soil conditions, many grains of identifiable
dead seeds and seed coats were found in the
soil. The number of dead seeds accounted for
over 87% of the grand total of both viable and
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Table 1. The monthly mean value of the meteorological data at Lima (12°00°S, 77°07’ W) near Loma
Ancon (11°47°S, 77°11" W).

A M ] J A S O N D J F M Year
Daily temperature (°C) 20.1 178 16.0 153 151 154 163 17.7 194 215 223 219 182
Relative humidity (%) 85 86 85 8 87 87 8 83 83 83 83 84 85
Precipitation (mm) <l <1 <1 2 2 1 <1 <1 (1 1 <1 <1 10
Maximum precipitation (mm) <1 2 3 8 10 4 1 <1 2 1 2 3 20
o s Y oer ) <1 <1 1 1 2 1 <1 <1 <1 <1 <1 <1 7
Duration of sunshine (h) 201 124 42 34 31 33 78 123 155 195 192 214 1422
Potential evaporation (mm) 86 66 49 48 46 50 60 70 90 107 103 109 884
Windspeed (m/s) 31 26 21 26 31 31 31 36 36 36 31 31 3l
Predominant direction of the s S S S S S S S S S S S S

wind

dead seeds buried even in the well-established
HL areas, and the mean number of dead seed
species was about ten times that of viable seed.
This fact offers invaluable information to in-
vestigate the distribution patterns of the HL
community established formerly and its spe-
cies composition.

2. Materials and Methods

The plateau of Loma Ancon (11°47’S,
77°11°'W) was chosen as the sampling area,
because the plant community there was
seldom exposed to disturbances, such as the
grazing of livestock and the gathering or
mowing of plants by the local inhabitants. It
lies about 56 km north of Lima, the capital of
Peru. A rocky peak of about 850 m towers
over the areas northeastern corner of the sandy
plateau, and there is a steep slope facing the sea
along the foot of a gentle slope on the west side.
The plateau measures about 3 km to 2.5 km,
and the three main ridges extend between 300
m and 600 m above sea level (Fig. 1).

On early-September in 1980, a dense HL
stand in which Nolana spp. (Nolanaceae) and
Solanum spp. (Solanaceae) were pre-dominant,
covered only the fringe of the plateau facing
the sea (Fig. 2); the HL community grew sparse
Solanum pinnatifidum or Palava rhombifolia
(Malvaceae) in the neighboring area, and other
areas were not covered by the lomas vegeta-
tion. However, in 1984, HL community was

nowhere to be seen on the entire plateau.

In order to examine the distribution patterns
of the former HL community in the whole area
of the plateau and to survey the possibility for
future continuation of the HL vegetation on
Loma Ancon, soil samples were collected on 5
September to 20 October 1984 at eighteen
sampling points (Fig. 1), and the number of
buried seeds of each species was investigated
in the soil. Each soil sample in a sampling
point consisted of ten batches of 1,000 ml (20
cm X 25 cm in area and 2 cm deep) with a metal
sheet. It is said that seeds in the upper 2 cm of
soil account for 89% of all seeds (CHiLDs and
GoopaLL, 1973), so about 909% seeds of all seeds
would be included in each sample. Eighteen
sampling points were chosen at every 50 m
altitude along the gentle ridges and every 500
m along the plateau contour, because topo-
graphically higher ground would presumably
have more favorable conditions than a concave
area for the dew fall through easier contact
with fog, and consequently be more favorable
for the establishment of HL community.

Each soil sample was suspended in a satu-
rated solution of K,COjs (specific gravity =1.54).
The components of lower specific gravity than
of K,CO; solution, such as seeds, pieces of dead
plants, dead insects and shells of snails were
separated from the sample soil. Floating
components were gently transfered to a funnel
with a cloth filter, washed thoroughly with
fresh water, and finally dried in the sun.
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Fig. 1. Sampling area on the plateau of Loma Ancon. Points 1, 2, ..., and 18 are the sampling points

for the buried seed population.

Pt. 2, ..., and 5 were located on the ridge 1, Pt. 6, ..., and 10 on the ridge I, Pt 11, ..., and 15
on the ridge III. Pt. 16, 17 and 18 were located at the end of HL habitat on the plateau.

Fig. 2. A herbaceous lomas community is veiled in mist constantly.

The HL community on Loma Ancon consists of Solanum pinnatifidum, S. tuberiferum, Nolana
humifusa and N. gayana, elc.
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Table 4. Ratios of dead seeds/viable seeds and viable seeds/all seeds for all species together, and mean
values with the confidence limits (p=95%).
Sapple  Joulpumber  Tollnmber  pesdseeds  ViZplesesss
- (/0.5 m? (/0.5 m?) able seeds (%)
1 18 1811 100.6 0.98
2 25 1513 60.5 1.63
3 21 407 194 491
4 162 1859 115 8.02
5 11 995 90.5 1.09
6 18 319 17.7 5.34
7 20 2924 146.2 0.68
8 28 4060 145.0 0.68
9 22 3276 148.9 0.67
10 1311 9219 7.0 12.45
11 38 1318 346 2.81
12 20 2918 1459 0.68
13 12 4168 3473 0.29
14 221 5898 26.7 361
15 44 4767 108.3 091
i6 73 3714 50.9 1.93
17 21 987 47.0 2.08
18 21 1048 49.6 1.96
Mean 116140 284411042 86.6+38.1 28*15

All species

Nolana humifusa /'/
16
[
8
9

NeLsoNn and CHEw (1977) have reported that
this procedure is effective and accurate for
extracting seeds from the soil. All seeds and
hulls were sorted out of the dried samples
under a binocular stereoscopic microscope (at
12x). The numbers of viable and dead seeds
per 1,000 m! were counted for each species, and
were showed with the values per 0.5m? in
tables (Tables 2, 3 and 4) and in figures (Figs. 3
and 4). The fraction of dead seeds included
those which had lost germinability and the
identifiable hulls of seed remaining after ger-
mination. The number of dead seeds was
counted by putting together two or occasion-
ally three pieces of the hull. The viability of
extracted seeds was determined mainly from
the manner in which seeds could not be
crushed with the point of the forceps after the
tetrazolium test of viable seeds and the crush-
ing strength of sample seeds of each species.

Fig. 3. Total distribution of the buried viable
seeds  (seeds/0.5 m®/2cm deep) of
Nolana humifusa, Solanum tuberiferum,
Salvia rhombifolia and all species to-
gether on the Ancon plateau.
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Fig. 4. Total distribution of the buried dead seeds (seeds/0.5 m?/2 cm deep) of Solanum tuberiferum, S.
pinnatifidum, Loasa urens, Nolana humifusa, N. gayana, unknown species Sp. 1 and of all species

together on the Ancon plateau.

3. Results

There was a different number of seeds
among the samples; dead seeds, hulls and oc-
casionally viable seeds also were found in
every sample though the HL stands does not
cover only fringe of plateau facing the sea and
in the neighboring area (Tables 2 and 3).

There were 24 viable seed species, and the
density of viable seeds for all species fogether
ranged from 11 seeds/0.5 m? to 1,311 seeds/0.5
m2 The mean value was 116140 seeds/0.5
m2. The dominant species were Solanum tu-
beriferum (Solanaceae) and Nolana humifusa
(Nolanaceae), but the viable seeds of S. tuberi-
ferum were found only at two sampling
points, and the frequency of N. humifusa was
66.7%. The species having the frequency of
more than 30% were Salvia rhombifolia

(Labiatae), Cuscuta sp. (Cuscutaceae), Solanum
pinnatifidum and Nolana gayana (Table 2).

The viable seeds of Solanum tuberiferum,
Drymaria weberbaueri (Caryophyllaceae),
Nolana gayana and unknown species Sp. 10
were distributed within limited areas on the
plateau (Pt. 4, 10, 14 and 15), while Salvia rho-
mbifolia (Labiatae), Solanum pinnatifidum and
Nolana humifusa were distributed widely in
the area (Fig. 3). The existence of even a few
viable seeds buried, would show that there still
is a chance for the establisment of HL com-
munity over a wide area on the plateau.

The number of dead seed species was 31 spp.,
the density of dead seeds for all species to-
gether ranged from 407 seeds/0.5 m? to 9,219
seeds/0.5 m?, and the mean value was 2,844+
1,042 seeds/0.5 m2 The dominant species was
Nolana humifusa, which was distributed nearly
throughout the plateau area at the frequency
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of 89%. There were ten species having viable
seeds of more 100 seeds/0.5 m? and fourteen
with a frequency of more than 50%; Villanova
oppositifolia (Compositae), Salvia rhombifolia,
Loasa urens (Loasaceae) and Oenothera laciniata
(Onagraceae). Species such as Tetragonia cry-
stalina (Tetragoniaceae), Nolana gayana, Parie-
taria debilis (Urticaceae) and Urocarpidium
peruvianum (Malvaceae) had a frequency of
over 60% in spite of the small number of dead
seeds (Table 3).

Thirty-one species with a large number of
dead seeds were distributed all over the surface
of the plateau (Table 2). The dominant species
were Nolana humifusa, Drymaria weberbaueri,
Loasa urens (Loasaceae), Villanova oppositifolia
(Compositae), Oenothera laciniata (Onagraceae),
Solanum pinnatifidum, S. tuberiferum, Salvia
rhombifolia and unknown species Sp. 1 (Table
3). The distribution patterns of each species in
terms of the number of dead seeds have been
classified into three types with a characteristic
distribution pattern. The first type consists of
species of which abundant dead seeds (>100
seeds/0.5 m?) are found only at a few sampling
points around 400 m in altitude, such as Sol-
anum tuberiferum and unknown species Sp. 1
(Fig. 4) as well as Spilanthes oleracea (Compo-
sitae) and Calandrinia ruizii (Portulacaceae).
Species such as Loasa urens and Solanum pin-
natifidum (Fig. 4) and also Salvia rhombifolia,
Oenothera laciniata, Palava rhombifolia (Mal-
vaceae), Drymaria weberbaueri, two unknown
species of Sp. 10 and Sp. 11, belong to the
second type. The dead seeds were distributed
widely. The center of distribution of abundant
dead seeds was limited to about 550 m in alti-
tude and located in the lowland of the southern
part, nearer the edge of the plateau facing the
sea (Fig. 4). The species of the third type were
distributed rather evenly throughout the pla-
teau (Fig. 4). Nolana humifusa and N. gayana
(Fig. 4) and Villanova oppositifolia and Tetra-
gonia crystalina (Tetragoniaceae) also belong to
this type, with the centers of seed distribution
of these species were seen in the middle of the
plateau.

The number of dead seed species far out-
numbered that of viable seed, and about 3.9%
of that of all seeds containing viable, dead

seeds and hulls were viable seeds. The number
of sampling points with the viable seed content
under 2.0% accounted for 61.1% and that
under 5.0% was 83.3%; the maximum was
12.5% at Pt. 10 (Table 4). This suggests that
HL community had been established all over
the plateau in the past. It seems there were
some areas where it established frequently,
while it has seldom been covered recently in
most of the plateau areas.

4. Discussion

The whole area of the Ancon plateau was not
covered with HL community in 1984, but the
distribution patterns of the buried seeds were
investigated throughout the whole plateau,
and the extents of the past HL community on
this plateau area were ascertained.

Viable and dead seeds were found in all
eighteen samples. The maximum number
(=1,311 seeds/0.5 m?) of viable seeds was ob-
tained from the soil sample of Pt. 10, where the
HL community had been established in 1980.
There were few viable seeds in other soil
samples, and only the soil samples of Pt. 4 and
14 had over 100 viable seeds (Table 2). The
number of dead seeds ranged from 7.0 times to
347.3 times that of viable seeds, and was about
87 times on the average (Table 4). The ratio of
the number of dead seeds to that of viable
seeds (=death/life rate of seed) represents the
time since the last establishment of HL com-
munity, and the great number of dead seeds in
each soil sample is an evidence of the frequent
establishment of a HL community in the past.
Low rates of death/life of seed at Pt. 3, 4, 6 and
10 are considered evidence that HL community
has established recently, and the very few dead
seeds at Pt. 3 and 6 indicates establishment of
HL community at a low frequency (Fig. 5).

There is an area having numerous buried
dead and viable seeds in the vicinity of the
plateau edge and its upper part, 400-450 m in
altitude on the ridge II and III. In future,
HL community will mainly be restricted to
this area. Establishment of HL community
throughout Loma Ancon has become more
difficult due to the altogether too few viable
seeds of the seed bank (Table 5-b).
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Fig. 5. Relationships between the number of dead seeds for all species together and the number of
dead seeds/that of viable seeds in each sample.

The characteristic distribution patterns of
the dead seeds in the sampling area suggest
that the moisture conditions of the soil surface
are not uniform enough. The fog is slowly
driven over the ground surface by the pre-
vailing southerly winds, and the soil of topo-
graphically higher ground and lower parts of
ridges will be kept in moist conditions with the
falling of dew by contact with fog. The wet
conditions of the ground surface enable the
development of more herbaceous plants, and
the area of buried seed distribution for each
species becomes larger, with Nolana humifusa,
Villanova oppositifolia, Salvia rhombifolia,
Loasa urens and Tetragonia crystalina, which
have a low water-requirement for the growth
of plants; on the other hand, it is limited for
species having a high water-requirement, such

as Solanum tuberiferum, Calandrinia ruizii,
Spilanthes oleracea and Urocarpidium peruvia-
num (Tables 3 and 6-a).

Most of the viable seeds here are in a state of
dormancy. If enough moisture were present in
the soil of each sampling point before seeds lost
their viability, sparse HL community such as
the species shown in Table 6-b, could be es-
tablished over the whole area. This cannot be
expected, however, except in a year charac-
terized by a special meteorological condition
caused by the ‘el niio’. Moreover, the HL
community of a single dominant species,
Nicotiana paniculata (Solanaceae), may keep
growing until the next vegetative period, if the
effects of the ‘el nifio’ phenomenon continue
long. A typical and sporadic HL community
established in spring will therefore only be
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Table 5. Relative establishing frequency in the past (a) and relative establishing possibility in the future
(b) of herbaceous lomas at each sampling point of Pt. 10. Pt. 2-Pt. 5: on ridge I; Pt. 6-Pt. 10: on
ridge II; Pt. 11-Pt. 15: on ridge III; Pt. 16-Pt. 18: on ridge IV at the end of herbaceous lomas
habitat.

Ridge Ridge
(a) 1 Il I v (b) 1 I 11 v
600™ 16 4 14 40 600™ 2 1 3 6
550 4 32 32 11 550 2 2 2 2
500 20 44 45 11 500 12 2 1 2
450 11 36 64 450 1 2 17
400 100 52 400 100 3

Table 6. Dominant species (a and b) in each sampling point, judging from the number of buried dead and
viable seeds. If the decomposition rate of dead seeds is similar for every species, the dominant
species (a) among dead seeds once frequently established at each sampling point. Dominant
species (b) are the main species of herbaceous lomas established at each sampling point when
wet soil conditions prevailed.

(a) I II Il v (b) I 11 111 v

600™ Nh Nh Nh/Tc Lu/Dw/Pr| 600™ Nh Nh Nh Sp/Sr/Dw
550 Nh Nh/Vo Nh/Ol/Sr Nh 550 Nh Nh Nh Nh/Cu
500 Dw Vo/Nh/Sr Dw/Lu/Sr Nh 500 Dw Sr/Nh Pr/Sr Nh
450 Dw Dw/Ol Sp/0O1/Vo 450 Dw Sp Sp/Un

400 Nh/St/Un/So Cr/Lu/Dw/Ol 400 St/Nh Un/Sp

Cr: Calandrinia ruizii, Cu: Cuscula sp., Dw: Drymaria weberbaueri, Lu: Loasa urens, Nh: Nolana humifusa, O): Oenothera
laciniata, Pr: Palava rhombifolia, So: Spilanthes oleracea, Sp: Solanum pinnatifidum, Sr: Salvia rhombifolia, St: Solanum
tuberiferum, Tc: Tetragonia crystalina, Un: Unknown species Sp. 1, Vo: Villanova oppositifolia

formed in certain moister parts of this plateau.

Since we cannot confirm in practice how
many years after one can identify the species
of dead seed and seed coat under arid soil
conditions, we cannot estimate the time re-
quired for HL community to cover the whole
areas of the plateau and changes its species
composition. Therefore, problems for future
research include longevity of seeds in various
species under- extremely dry conditions, the
optimum moisture condition for seed germi-
nation of constituent species in HL community
and the fluctuations of soil moisture content
during the period from before the seed germi-
nation until after the seed dispersal period at
sampling points and the variations among
sampling points.

5. Conclusion

In 1980, HL community covered only in the

vicinity of the edge of the Ancon plateau, but
in 1984 the whole area of this plateau was not
covered with HL community. With the ex-
pectation of finding many viable and identifi-
able dead seeds in the soil, the distribution
patterns of the buried seeds were investigated
throughout the whole plateau area in order to
ascertain extents of the past HL community
and the possibility of establishment of it in the
whole plateau area.

There were three types in the distribution
patterns of seeds, which were caused by a
water-requirement of each plant for seed ger-
mination and completion of the life-cycle and
by the soil moisture contents that were sup-
plied from the fog driven by the prevailing
southerly winds. Species having a small,
middle and large distributional area were
Solanum tuberiferum, Loasa urens and S. pin-
natifidum, and Nolana humifusa and N. gayana,
respectively.



In future, establishment of HL community
will mainly be restricted in the vicinity of the
plateau edge and its upper part, and Solanum
tuberiferum and Nolanum humifusa will be co-
dominant.
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Fig. 7. Contour map of mountain side area.
contour interval: 40 m
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Fig. 10. Contour map of desert area.
contour interval: 20 m
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Fig. 12, Geometrically corrected image of desert area.
%: meteorological observation station
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Three Dimensional Analysis of Desert Terrain Based on SPOT Stereo Data
—Terrain mapping of a sandy area in Cele, Taklimakan desert in 1986—

Hideki NacasHima* and Osamu UcHipa**

Three dimensional analysis of SPOT image data was carried out to have a surface configuration of sandy
desert. A couple of images we used are of 60 km X 60 km area in the southern part of Taklimakan desert; both
images were taken in 1986. The procedure of the analysis has two steps. The first is to evaluate the position
and angles of the satellite. The second is to identify positions in two images by using a suitable matching
algorithm and an iterative correlation method.

For the present studies, we selected two areas from the SPOT images. One is an area of mountainous area
where the relative difference of the altitude is fairly large. The result shows the altitude of the area is from
1,832 m to 3,639 m. The other area is of the sandy desert near Cele where a sandy disaster frequently occurs.
Accordingly, it is necessary for the prevention against sandy disaster to have an information of the sand
surface configuration. The estimated altitude in this area is from 1,172 m to 1,576 m. Although the altitude
differences are smaller than those in the mountainous area, the sand surface configuration generated by sand
dunes is clearly recognized.

Next, we calculated one dimensional wave number spectrum of sandy surface undulation along the path
of the prevailing wind. There are several peaks in the spectrum. The first peak corresponds to the undulation
whose horizontal scale is about 1 km. The second peak has the scale of about 400 m; this scale corresponds to
the distance between neighboring dunes in this area.

Key Words: Taklimakan desert, Three dimensional analysis, SPOT images, Sand dunes

* The Institute of Physical and Chemical Research (Riken), Hirosawa 2-1, Wako-shi, Saitama 351-01 Japan.
** Asia Air Survey Co,, Ltd., Tamura-chou, 13, Atsugi-shi, Kanagawa 243 Japan.
(Received Aug. 21, 1991; Accepted Oct. 14, 1991)
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Fig. 1. Observation station in Cele (¥¢), Taklimakan desert.

Fig. 2. Automatic weather station.

Fig. 3. Sand recorder on the top of a dune.
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Observation of Meteorological Factors and Variation of Sand Surface in
Taklimakan Desert
—Observation in Cele from October 1990 to March 1991—

Hideki Nacasuimma¥*, ZHao Jingfeng**, Moriyoshi Okazaxi¥,
L1 Chongshun* and Xia Xuncheng*

In this work, meteorological factors in the desert were measured by using an automatic weather station.
The test area is the desert near Cele located in the southern edge of the Taklimakan desert where moving
sands cause severe disasters frequently. The data were obtained every one hour from October 1990 to March
1991. The most frequent wind direction is SSE, and next are WSW and SSW. Strong wind (say >7 m/sec),
however, blows from WNW direction. The spectrum of wind was calculated by using Maximum Entropy
Method. The spectral peak is recognized at the frequency of daily fiuctuation. This suggests the existence of
the local wind that is caused by the differences of daytime radiation and nighttime cooling between the desert
and mountainous area. A fluctuation of sand surface of a dune was also measured by using a sand recorder.
It was found that the strong wind (=7 m/sec) causes a notable change of sand surface level.

Key Words:

Taklimakan desert, sand dunes, local wind

* The Institute of Physical and Chemical Research (RIKEN), Hirosawa 2~1, Wako-shi, Saitama 351-01 Japan.
** Xinjiang Institute of Biology, Pedology and Desert Research, No. 40 South Beijing Road, Urmaqi, Xinjiang, China.
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Special Report
Proceedings of First Symposium on Arid Land Technology

THE JaPANESE RESEARCH GROUP FOR ARID LAND TeEcHNoLocY* (REAL Tech.)

This symposium, held at Gakushi-Kaikan, Kanda, Tokyo on September 27th, 1991 was planned to
publicize the activities and the research schedule of The Japanese Research Group for Arid Land Technology
(REAL Tech.). We received much more participants than we expected. We feel honored and are encouraged
to activate our research. We would also ask you to join us and support our research.

This article consists of the proceedings of the symposium including the questions, answers and discus-
sions. The followings are its contents.

* $351-01 HEGFETILR 2-1 BRI R LE L FHREAN  Tel 0484-62-111
* c/o Chem. Eng. Lab., The Institute of Physical and Chemical Research, 2-1 Hirosawa, Wako-shi, Saitama 351-01
Tel. 0484-62-1111
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Useful Material Production in Desert

Yoshitaka NitTa*
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W % fERRERK fERRRER fafRiEd BERbL it
m ot | % | m R | % | @ Bt | % | @ OBt | % | @ Bt | %
5] ¥ | 414,195 | 23 | 1,261,235 | 7.1 | 1,602,383 90| 200492 | 1.1 | 3.478305| 195
d k) 163191 | 0.7 | 1312524 54| 2,854,273| 11.8 32,638 | 0.1 | 4,362,626 182
7 7 Y % |1725165 | 57 | 4910,503| 162 | 3,740966| 12.3 | 6,177.956 | 20.4 | 16,554,590 | 54.6
7 ¥ 7| 790312 | 1.8 | 7,253,464 16.5| 5607,563| 12.8 | 1,580,624 | 3.6 |15,231,963| 33.7
F—ZF3Y7 | 307,732 | 4.0 | 1,722,056 | 224 | 3,712,213| 48.3 — — | 5,742,001 74.7
a8 — o .5 48957 | 0.5 - — 189,612 1.8 — - 238,569 2.3
it 34495552 | 2.6 [16,459,782| 12.2 (17,707,010 13.1 | 7,991,710 | 5.9 |45,608,054 | 33.7

(UNCOD: World map of desertification 1977)
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