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i OB EATOARPENETIU TR B NE TR IR T B RER, R84 1k bl An 82 7 1T
# DEM #3177 % . ANUDEM A H % & & & A2 i RS 46 2% o DEM T b Wk fF, Zi i &K
Rk E BB Y RAFLAR. KRR DU RS IR, B s 2 & N T 4 (B 2 B W 2
PR AR R A H S DEM B E R B E K SORARAFAE . 4125 B R # %k ¥, ANUDEM ¥ b Bl T % + & R
FHES AKX R EFHN DEM. HRERAA X T TIN 7EHETH DEM A BRE. b EF B R T A&

RFoASTHAR R R

X %217, ANUDEM:DEM: {H & & i P i H 3%
j{ﬁ_ﬁﬁ%: 100077601(2006)0370036706

PESES. s126 TEHRIRE. A

A=Y Y | (Digital Elevation Model, DEM )
N HRR IR SR =S (B AR S5 A B A 7 5L
FHEFIN . DEM TEHS R BT UK ORI 1 3
RIS BT A 73 AT 3B R RS B 4y 255 T
AEEERRUT, Aa DEM /Y7, A8 L gl
KR E 0] 73 A P2, — 2 B R AR B = 7R
e DEMUY, — RARYE O A A OB 1 (8 A= il
DEM ., 1244 Ik 55 BUA A 0] 17 1 7 i 2 W
MR AL, W (A i DEMY ), 55 5 T
T ENEE AN TR ZMEREE (S5
2 R AT B L) B AR R = A (Tri-
angle Irreqular Network TIN)# . DEM (fai#K TIN
—DEM) P T %05 ik 6 fok AR SRR N B B
FERE A A ) 25 2 46 F0 s F2 25 2B DEM K AN
REAR G- #b S LTI (Y4038 ) FNiAL de8) 7 25 B 2 18 7K 3¢
SRR, [ SR N FATRY 772 Hutchinson
HAZT 20 fit4g 80 4R Y DEM #i{e sl )%
FEHEAL B &0 ol DEM A 77 8 {4 ANU-
DEMY), HiF ANUDEM {4 0] DA g 37 7K S 57
> Z IERGRY DEM (Hydrologically Correct DEM, He~
DEM) . K71 7£ 2 Bk B e A5 31 3z i e o,
HAE: O % ARC/INFO # B (5 2 S ik 1h 42K
{BJZ, E N Xt Hutchinson FiE /DN L AU ) 3C
RRALER X DEM 35Xl AR B3 6 A B s
AR E T RS R R, ARGk

WFs B 85 . 2005-11-04

113 JLAERFSE R ] ANUDEM 4 St i, 30
ANUDEM R4 f i — AT 224 23, DASA ot 3% &
DEM #E3AHE, HimisK S, TR h A R
A N0 SR,

1 ANUDEM [fj&

ANUDEM 50k LR A5 4 A5 BHEE
J71% (interpolation algorithm ) | BAE iy (roughness
penalty algorithms) JHTE s AK drainage enforcement
algorithm ) A1 J5) 1 & K. ¥ 4b i (locally adaptive
strategies) ,

L1 #&EHEE

O R 77 2 AT J) o T 2 28, BRIk 4
{EVE FIR) PRI (R Vs . B My 12 A AU R T 2 1
S » (B —FRGR A (T 55 5 ) S LN e
(3 YK IT LI BE» BT DA 24 B4 s A 22 B R B
THRYEREEORR M A MELL TR, R —
B X 7y A TN, /Nl & — R ROl
X PR BOTE 5 AR T 252 X P U7 V6 1) T2 2 B2 )
TE X R AR

ANUDEM XM TR EXZ 7 sty
7. BEREARHIIEE T VE R =R AR AR
TEE T RSO0 A . B E TR BH R4
IR (— RN B R 8~ 11 £%) FH k. Mg
iz 12y 7 X 2 ik ok 2= A P s Y B/
TP, KT A PR ARG R A B

BEIBA - b EAERE AR GV 1m0 E 8 s UK SRR RSOV 78 (KZCX3SWA21) s il SR I H — & hm

JE R IR B TR BKFR B A28 (LWR 1/2002/018)
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SR EL R OZ A = RRAE - A R B B0 A A
MR AN Fr st T RFIEZR 20 TR T ) e S — 267
IREIR L (GaussSeidel iteration) 115 H = FEH.,

RN HE T EAL R T, B0 EN DEM
PO RAE AT BT LR AR 48 H 3R T R (AR 3%
i S ) W 2R % i N R O 15 B A B i
TEBHL 73 FEEZ R E B TS BOR LA 2 T %5t
A% RSB AR 22 WD A A 1 B4R S 17 150 b T
VL%, Bl RS ROST A U8/ 25 A UL o AN =
RIS W R AT 1347, B LA 3t 3R 39 38 s ke e
H IR B R — /K b, R e il TTA%
WLt 2 Foe R RS Tk ik LERE T TIN
SN DEM 735 HOR S ROT 08 2 - &M, B
AT,

1.2 HiEFiE

H1 T7E R (E A Bt OB ) h 2 =8
FE—B{R 2 (noisy data) > MLINELHE B9 A — & A AS
SIH HBCE /N T A R AR B Ny =
Naaa ) TEFIE R A TR E ST S R
AR E A TE IS (artefacts) . N T ikE
FX P GIF AR ERCR — D F IR, SN T H
R 5 l%’l%%[(roughness penalty ), XF T iZ R &
Pz I W] UL SR AR A 7 T RAS — by i » B
o T 2 0 0 A () B 0L R T T . ek
SRV TR Ak EE 5 00 B B 5 0 U A [ Bt S T
A ) 245 (jerkiness) ,

R 2 511 R R 006 3R T A Ok e X
ANUDEM 15| NT 3 Fih 2, G045 2% = ) v ih
AR (AL 2,3), ERIE
VA ANUDEM #1445 7“1, Hutchinson
e T —Aam AKX AKX ) MR
HEWTRELT MR J(f) . XK,
SHEA LB T A JOF) ATRARUS 4 Al Y
EERCR.

Jﬂf>zzf<ﬁr%f%dxdy (h
RO = [ 2+ fdray (@)
2 2

g?i = cosZ( @) g;"é 1 2cos( @)sin( @)

2 2
ety Tein’ (0 4 (3)
J(F) = 058 n(f) + B(f) (4)

Ao IS RSE
1.3 gt
Hutchinson B{k7E 2 R PR D6 E 70

Fefith b RN T PR BRI K SCH AR R A B
PR RS — USRS, BRI PHR SR
HeE A T RRAE A (TR T ) AN R &5 7 v R
FNEE 2o 1 HUBRAE L (LU GIE ) - FRIELE R
T (B AT E) W N - 8 A I — 46 7 i
TEAFIEZL (simple ordered chain constraints ) 24 BUd{E
THE (R A AR CRe = KR SV E T Y
HOSRARFAE ) REAEAL& 3R A5 2IMER | FLS R R,

b T AL S O8I B A R R A 2
a7, B, IR R, AE 5 AR A R
FEAER G RURARADH . R Hh T2 IE R . BTEA
XN A R IC R T R R — R 0 T B
ARGV NG AR F- TR (way out ) HIBR
SR EIEAAFAER) T BE R [ I b TR R AR5 38 5
LS Na S R QR NG : Bk 35 = e 11 bR B R CIRF T SR
a] TR S5 5 ook R IE B AL B [ K SCHLSRFAIE
15 LAIEAf S,

B IR AR B SGRBUE AR RN BEE - H
PR A B A $2 =t DEM (4 it B
ORGSR LLAT LR 78 I 2 i) B R 5 3R I A
Perm AT T ORIEVS 1B 22 Ge A EE VA LS K
LM FFIE LA IEMRIL . BT TP s g T %t
BESCH Ab AN I RO A R 2
R FIBESBAE 19 5 LN 206 3R 18 AT DAX He 3R
PRGN GAF AR BRI AT HIE 222 4 1
FIHCRT S TIN Jrigtigze),

L4 FtiE Rtk 32

AR ZE i E LR b X T e 8 73 3%
R LI R e a7 KT UM 2R T AR R SR (
Naaa = Ngiia) » AR R —MEHER, LBOCH
(2R T » PRI AU & 2R 1 AR 5B WL s A8 W &
X P E R A (B 03 HE ) WM R
BN TFHAE 2R (Nawa =~ Nguia) - $UE R 50
W 2 B 2 S Bt s 400 &, BV 4n b 7 JR) 0
07 B R O BAIE AR 5% B03 HTE Y 98732 AR
STE—EIRZE, AMGIANFEHE (AKX 3). A
PARE SC— 8T i RELKE B 5 bR BSR4 T R b 36 B P Ak
M, SCERIEIH 5| N AL EEXS T HE A 2828 2515 211R
TER R, {HRIX A B ) SRR AR AR AN AR B Ak
TEa B AP L ARIE B C R EdE | TYE# X Y
HEAHER DEM 9 H 3% it Ze . fER 1k
I P 2oL R T T R RS 5 RS B ROk i
(&),
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&1 ANUDEM RIEERA
Table I ANUDEM input

i AR B {77 i W@
] B BB AT, 0— b 1— R ATREALEE (IE % E00) : 2— B3 AL 55K B - W A
b RERAEE 0L i ().
2 kAR 20 BRI 20, T B L e 40 (8 (25~30) .
s mommas 0.0~0.5  PURBEHONEAREREAEG, 00BN GE A SR BRI 0.5 b
SLES B2 /T R 2 R Gl DA B R 2 A 50. 5 D LA B A R PR,
e o B 2 52 o B T 60 . 0. O T 2 A 05 0. 5= o 6 B Ty 2 b 5 0. 9 J ke
boORCRIEARRC 00709 e 0.9 L 1Y R R
; —— P— Z%b?ﬁ)x%ﬁ)ﬁﬁ@*%fi@%i& T SR BB R R R X T R
6 EERA T2 1k 2
; S~ rapg RO ARG R B TRIR e . 950 R R TR (L B Rk
R it 18 RYIEE T 5 FR A /M,
8 WA 01 O R TR I f — — E R TR e
9 KTHERN 1~6 Lo 2 BER3—AH: A ZEH; 56— P
10 M R ERH LAY DEM MRS SR DEM 45T 1k RTHE LR L 2 1A BE B T A S e
11 DEMGBWEM  PUARRECE  RTE AR I B TR W R
12 08 TERH B R A (X I A 0 B L o M e 20 Ak

I * RS I m 24

2 ANUDEM /% N A%

2.1 ANUDEM fEEREKIEERM

ANUDEM &A1 %L DEM i
A, AR ER RS B R R (SR e
A RIS S B AT B TR BEIR S ) 2 AT, B
A8 AN LA B R RN ) B8 X e (L A5 B4 G
AR (DEM) B BoR A AT 45 I 25075 38
GIS &% 47, ANUDEM &% 5 ARC/INFO F1
IDRAZI Piff GIS #4345, 17 ANUDEM Z 7
WAIAE ARC/INFO ZS58K IDRAZI 255 TS 0 K ik
ITER AL, AR 5 R L L i ANUDEM BT
RISk, BL ARC/INFO R4, 27 ARC FEb
I ungenerate K BT A iy N e 4 L — A SCA

E SR IGIEN ANUDEM &%, 7T ungenerate fi
A F 55 VEWL ARC/INFO B AR T,
2.2 iB{T ANUDEM HIEXSH

fi#E ANUDEM 5. 1 F R FM & 817
ANUDEM i H P b N S50h 14 4~ HAZ
PR OB SCREUE 7k L3R 1, o S5 %00 A i {8
XHIERAEA . TWEH P B CEdilR ik E NS
B AR GBS RREAREE R 31,
2.3 ANUDEM RYEXREH

Lt EIE &, ANUDEM &40 M 3 35S
& B4% DEM | RSz 1718 % (log file) FIAT 4 5%
SELHEERN U X GEZRMEXIE 2, Hil
(915 KT LB ARC/INFO  IDRIZI % 2 %% B #5148
B H DA TR HE 4T

%2 ANUDEM MIEXHEH
Table 2 ANUDEM output

%5 AR PESLHAFR LNNGE % I
L ey | DEM ¢ . dem ZATHEE RN DEM . SCAS B il X
2 5 BR TN BE p sink points * . snk 5% B N B s o B FR
3 HIEFFIEEL streams -sto — R IR KL L LR
4 TR large residuals -Tes PRI AR AL
5 IK R R stream errors  .ser HINIK & 2 P R
6 Hoho 2 AR polygon errors * . per T {E HERD 2 30 T (1 4t iR
7 %%?ﬂi‘%ﬁé contour errors -cer ffﬁ)\%%@i*é’] %1%
8 W L LR AN BE LK break/cliff lines -beo AR BRI RELLILL . Qb SLLLFBE K
9 HEBE S grid point codes -gpe L M NS RS2 OB A A A
10 oL flow direction codes * . gfe FET U0 R TR IR T3 I 1)
11 RGIEITIER log file -log X RGN i AE T A TSR
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3 ANUDEM F%F 5 M H
3.1 ANUDEM f94&5

ANUDEM #&7E Hutchinson Z%Z K HABF 78 A SR
SRl B FFR Y HIT R s 20 4500 %
ARG AR | 56 [ 45 B R A XA B
B AWG 2 58 2. A E s ERATH DEM £l
eI (ERR A, AT H B E AR DEM /77,
ANUDEM K HBVERA LU TR A,

L)y A DR N B (G5 mk L i ) O 858
5B BRI, B 2 5 2 RIS A 4> R
X —INRETE— MR B E AR R P A B A .

2) HhFEsRA Bk S RN G, — 7 T AR Tk
AR ZERRFE, Q1L VR IS 45 15 51 3 N SC
JRBR s Jr3— 7 TS A N B 0 5245 21 B shAs U I
it DEM s 08 NEG A5/,

3) EHEBURA I SE A TS S 8 L ZROK
SCRHE SR B O R INUHERE, X —FFIEXT DEM
N F 7K SR AR Ak 3 AT B S e | L

4) VRN SERER) RGTia TR NEE R B
Sy E AR (E S R R TR T 5 TR S,
3.2 MRS

FATFIA 1225 THFHIEE A ANUDEM #&

X

PR, St 8L RS R DEM R 47 T IR AF 5T
s 22, ORI 3 [ L RE s 122 Al B 7 s e 1)
(BFESEL SR EMKRELEZE), /£ ANU-
DEM B S2FE T, AT RUAE BUK SCHb AR 56 2R 1E 1Y
DEM, @fe#+ X, I H R N 1:25 J7 (%
R 100 m) s L EI ST DEM. 3 AN RS E5)
A 3 3R 50 m EARIREL 40 55 R 24010 8,
OF FHABFFE LY 1225 J7 DEM 5548 [ %ot
TIN J7¥E8 A DEM 43 B0 RS R (] La.,
& 1b. F5ic & DEMt 1 DEMa) F13% & (& lc. &
1d, bricd A SLPt f1SLPa), WLAKEL DEMt A 0K
ZHF- T (R 50 T0) A7-7E 11 DEMa U2 B 3 Y, JE
AICFTAFAE, SLPt KAy 20 B A Ik 1
SLPa ¥ B ELNVE AN . BTl DEMa B NE S5 /R
BT HE R AR, H BRI KR (43 AARie A
RIVt Al RIVa) A] W, RIVt 544 4E, 24 H P
TFRUIRITIR (B 2a, H b 20 3808 HOE & Y3
i), 1M RIVa M2 REAS TS24, 55 & L A ] i
W4 BT, T, ANUDEM 1] DAY I F# 1 & 5 3t
HESL K SCHI AR 5 R IE#E A9 DEM, AHXTF TIN —
DEM , HX} ¥ = BB 7 B S 42 e Al 2

L AEZEE DEM &£ At RENAFR I A5 =
Fig-1 Light modling and slope abstracting in different DEM type

2 DEM XMifKERIRIMER
Fig- 2 DEM flowline abstract result
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4 45 in

ANUDEM fEN% At DEM A=Ak {4 75 4x Bk
TWENAREZ N M, b E R AR R
W, 5T TIN J7iE# 50 DEM AH EE A E A
() DEM fE 5 MRS Al b S5z B 0 194 7K SC SRR AE
B K LT me R g
P RAA RS AR TG Bl (L U 8 vh A SR T A EE
BRI E DEM 953l 011

3R AL A e v B R I (R A
Bk B R SRR 3 M HEA B HZ) . fE ANU-
DEM Hf4F 347 T W] U AR K SCHI 55 5C 2 1R W Y
DEM. {# I BB A Z T TIN Tk #5268 DEM
76 BH B R - BB S A e T A S AR R K S B
FKF, AHXTF TIN—DEM. He— DEM MR 55E
AR —FhIEE , TEFRE B 206 Ho 7 DL A I N o
W

SR ANUDEM W EE B LR T ARC/GIS
% (1£ ArcToolBox H1°4 Topo to Raster, 7£ Arc/
Info workstation #2 Topogrid ) » {EAZ 7 1B X E A
DEM #5783 4 HLECBA . 4 Ja I AE £ Fh HL ] RORs
b ZA M XY ANUDEM &4 #
DEM., XA RLSHUAT R G 2 ML, X DEM
FFHCEER b SR I 80 7 AUK SO 2 R IR T 2R
Gt LI SE AMEEFR E DEM S HARSCHFE.

Bugt. R K Al & E = K ¥ Mike Hutchinson, }&
KA BB IRA TR K R 5 #3547 PT David Jupp
%4 KL FIRAHZ P John Gallant 1442 Trevor
Dowling %&£ & HitisH 4T % 7 2 8. — 8k,
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ANUDEM™ A professional DEM interpolation software package

YANG Qinke's LI Lingtao’> Tim R’. Mcvicar-Tom G’ Van Nie', ZHANG Cai~xia'
(L. Institute of Soil and W ater Conservation, Chinese Academy of Sciences and Ministry
of Water Resources> 26 Xinong Road, Yangling, 712100, Shaanxi Province, China: 2. CSIRO Land and W ater
GPO Box 1666, Canberra, 2601, ACT, Australias 4- SIRO Land and Water, Private Bag No- 5, Wembley, 6913, WA)

Abstract ; Because it has become common to produce DEM using interpolation based on digitized topograph-
ic maps it is important to investigate DEM options- ANUDEM is an advanced software package that has been
designed to produce digital elevation models (DEMs) from very large topographic data sets, including elevation
contours, point elevations and streamlines- The basic algorithms include interpolation algorithm, roughness
penalty algorithms, drainage enforcement and locally adaptive strategies- Errors in the input data can be diag-
nosed and an optimum grid resolution, matched to the density and accuracy of the input data, can be provided by
the program- ANUDEM is very efficient and has been applied all over the world- We applied ANUDEM in loess
hilly area to interpolate digital topographic maps. including contours: spot heights, and stream networks, the
results show that hydrologically correct DEM can be generated: and the quality is much better DEM based on
TIN approach, the complex eroded terrain can be sufficiently represented-

Keywords: ANUDEM: DEM; interpolation algorithm ; drainage enforcement algorithm

(E#EF 25 W)

The evolvement characteristics and wavelet analysis of spring
precipitation of last 40 years in east Qinghai

WANG Xijuan, TANG Hongyu, ZHANG Jing-hua
( Qinghai Meteorological Observatory, Xining, Qinghai 810001, China)

Abstract; Based on the spring precipitation data of 12 observatories in 1961—2004 in Qinghai province-
the variation characteristics of spring precipitation on Qinghai plateau is analyzed, and the time —frequency char-
acteristics of spring precipitation over Qinghai agricultural area is also analyzed by using linear trend analyze
method and wavelet analysis method- The results show that the spring precipitation over the east area of Qinghai
plateau had outstanding wavy character: its variation was large in the 1960s and 19905 and little in the 1970s
and 1980s. The spring precipitation over the east area of Qinghai plateau generally increased weakly . From the
1980s to now » the spring precipitation decreased weakly: but increased in the rest of time. For the large time
scale of equal to or more than 10 years, the characteristic of dry/wet —vicissitude in spring over the agricultural
area of Qinghai was very significant in last 44 years. and 6 dry/ wet —vicissitude periods occurred during these
years, the replace point appeared in 1964, 1975, 1983, 1993, and 2001, the period of 10—12 and 16 years is
obvious- The variation of spring precipitation for the time scale below 10 years over the agricultural area of
Qinghai in last 44 years was rather complicated. the replace point and the relative wet /dry —vicissitude periods
got more often: the period of 68 years was very clear- Heavy drought stage usually appeared when the whole
oscillation period was heavy negative phase —shift. In recent years, the spring precipitation change over the east
area of Qinghai plateau has got more often in both the large time scale and the short time scale-

Keywords . spring precipitation; variation characteristics; wavelet analysis



