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KEEARE FR 40N R 7 [ sednd ¥l E kb 0 2006] -
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DI A H K GPS )+ 1970 £ d % BB 4 0 > 1978 & 5 i
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E- 2 R E O R ERE METT 4 30
GPS f % 5.3 4L [Hugentobler et al., 2005] -
F 3 GPS ik F o3 S TR T 480 BT 4 AES

% 1023MHz > o A &g F o w3k 154120 & @ & 4

L1273
FoAR mi\ #oo L1 erog & 5 157542 MHz ~ & L1 ;“ AP RS FEAR
F ey 75 ¢ Coarse-Acquisition Code (C/A 7 #5) ~ Precision Code (P 7
) A2 AFIRIEE T o L2 chig & 5 1227.60 MHz » 7 L2 §U it ¢ R
A4 P T A8 FT) o GPS %% Block IR-M * B 5 7 L2C 7 #8 »
CATBEP B! AT IS A w5 Jﬁzfﬁﬁﬂ%ﬂwﬁi“ﬁ”

10 2 AAHEF AL HCIA LB 5 1.023MHz P £ 78 2 45 & %

10.23MHz [Leick, 2004] -



Te APGHEGPS T ® o A RN T p T BEAE LA

[2009] -
2.1 GPS gl 2

- e GPS & im® il g T 3;“ L 4p - (carrier phase) 2|

T & FREEHL(pseudo-range) & A5 LR £ o Bk GPS f#k ehrig © v
AL ys() FomERIRE A =1 n % GPSHEjckikp -
s=1,........ m, & %rB GPS ik v & 1c I m3f GPS #Fh #co | =
1,...4>1=1 21=2 X £ L1 2 L2 efp = @ip) » 1=3 3 1=4 v & L1 %
L2 chp R EEM T BRI E (¥ 5 PL2 P2 & £.C1 2 P2)- 345+ i
g A NEL e & 0 GPS ek A BRI 4758 F & 1 40T [Kleijer, 2004]
Y: () —T7, @)

=pi (6t =)+ D7) +¢,(O) + c- 66, (t) —c-6t°(t —77)

+ by, () —bs§(t —TE) + A, - N5, + A, - by — Ay - ps§ + dms, (£)

+&2,(t)
(2-1)

Ys,(©) + L% 2 & (apriori correction) ; (¥ = @ = 2)
t—rft FhE AL (0 f))

BT R AL T (H 2 )

19 0 GPS L L e P IR (M = 1 F))

L:BLRIE 5N



pritt—T) P R SEdRRrA B S eaEdp (B =2
Di(t) * ¥tk BE 5 (Him! 2w
gyt Rk RE S (Him k)
c:8t.(t) * FleRPFEREA  (H i =)
c-5t5(t—15) P GPS fFh ik £ J (H it &%)
kg 5 (H o)
by, (t) * Bl RAERE  (Him: 2 8)

bs$(t—77) - GPS firk Al A2 2§ ; (H i oo ®)

¢ry, P T RAASAP I E (B H )
¢s§ : GPS kA~ dpAp & 5 (£ H )
dms,(t) P BiEBEHA 2 FL; (Hrm: 2

e5,(t) BB (H it 2 v)

2-17¢ » A%B T RGO T E T FEFRFLSD 2
RGP CHBEEZRCEE ~HTAEETE R TR Lk

£ & ~ /& (ocean tide loading) i & ~ 3 3 F &Y (solid earth tides)



i oo % BT s (multipath): 2 B :d F ARG A s B R E AT 2
A Idm () 5 EI - HEFIRT € BEK & R oo
G BB ARG P " FhEBERICREF S PR Sl O

Kok B S PR E Sl vt B R pp Ragnlan i o ot vh ¥
3 GPS firh chpFskie 4 2 GPS frh A Mt B30 > i ¥ 4 ¢ B s
- R 0 FP - GPS ik Ap e BLRIFR T o 3

fedicikm 3 0 3 B

\\ﬁr

Bed H € eho @ BELPIREM S ()7 R

% o

g\x‘i

ES
2.2 GPSip$t 2z a2 %
IR s GPS #in 2 ¢ £f24 pxkh B ARY B o
PR A2 A ¥ HGPS Tt E S ST gkl A e
HAEH P Sl R S B R A B R e g SR

AT P iE? A AT A B2 AR E AR, 0 rB] 2.1

IS

Bk k- LR kY FY R ASEE SRR BT Al

Y

GPS ik AT dple 4R 5 ¢ & B chA S £ AR @ 3% £
i AN
RB :RA+ARAB
(2-2)



HILEA M5B

B 2.1 GPS #x% sp4t i~

H
Ry=RI—elr]
(2-3)
Ry =Ri—e}r]
(2-4)
XB - XA AXAB . . . .
ARys =Rg— Ry, =|Ys— Y, [= AYAB] =eir] —epr]
Zp— 7,1 1AZp
(2-5)
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JULER ME s Glde 1,2, 3,4,

Flet o B Rl R BT ) BLR] 0 R A I A 0 F3Y AN B AR
A ART TR R TREL AR A H L A Flipium g
AMAE R REAFT RanEL e L AR o

ARH LR F R DR R TR £ A A 4 AT R

43

B E > TErg eh “— = £ (Single-Difference)” ~ “z = £

(Double—Difference)” ~ “= =t Z (Triple—Difference)” - H 1 & p e
LRI SR ARE Rt e LE DR A SRR SR S ER AR
bR SRR APHER G e Tl FE B2 AR
¢ 2 3| Doppler »x 2. B8 m x % o AR Fh M2 Apfr2 ¢ X3
Doppler »cfis 2. 8255 o F]ot > Gk SLEF STPE 4] chf L dp 2 T ik

BAc SRR 2 el dn AR e eh o 84 £ 42§ 4R GPS i

),LE ]ﬁhi 'ﬂ’ #E] ]“'ﬁ, J?A}’L—»};ﬂﬂ o



GPS it Ap LRl £ - 3255 b A8 RIY B i T R e

T

AR E D ARRIE D gRpEAR e F]

’

>

|

Iy

/

‘4?
|

AARE > A R
- AT A BRI B R AR BRI TR PN IR BATA S
P N 4 ﬁ\'}i MELAR T BT R TR T e T 5 LA ELAR 2 B en
L@ s iR SRR B e FEAR e B L NS T
oo MR GRp R E AR 0 2 PR At - BARSE R A # T

PR EAR L DS(T )& T 58 F B 5 4o [Leick, 2004] :

(I);? = (pr(Tr) - (ps(Ts) + Nrs
(2-6)

s

(R L L L L Nt SR o S A S A |

Fh s S L sLahpE Y

i

T,
O (1) 5 FefeRr P82 R T B0 R0 T il BRI T P
AL R T LA
Oo(Ty) * & Bk s TR %] 03 S 2 Lk S gidp i
DR BT AR BLRIPE 2 To R o Ui AR L PR F L i (A )
ik AR AT AT Rtk p R E BT A 2
5 AR R ()T 384

T,

qDr(Tr) = qbr(TO) + frdt

To

(2-7)
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A=

5 AU BLR 2=

Fh

LEICRPMIRT R AL 2 4 ik B g

"“:"2:
PTG ] AR B2 U URUAR g (T) 77 7 £ T 4o T

D4(Ts) = D5(Tp) + ’

fidt
To
(2-8)

He

fo o B R OTE B2 UL

e £k SO B AT 2R e B AR AT %4 ks

P bt o Flpt o TArTo2 B 07 e EL G 4E P A a2

z 'ﬁ AR
Z_ R enff Tk

FardE o gl
SRR AT AR AT S T R e T AR 58 X

p
(»
T, =T, — (t+40) =T, - -+ 40)
(2-9)
H¢
15 R AU G B AR PR
Avt 5 % F AT AT S hpE B
p(T,) © 5 Fh Btk FFand e & MR
ci s K



#-2-4~2-5-2-6 % » 2-3> RV - I =B T E OI(T)Z

2700 B A AT SR

(prS(Tr) = (pr(Tr) - cDS(TS) + Nrs

= % ) pf(Tr) + [ (fr;fs) (T, —To) + fs - (6T, — 6T;) + (patm(Tr) + N7
(2-10)
He
Ur=fs) « ¢ Bz &Y GTE PRAK 4 &2 (B
fe - - LSRR T~ =

6T, — 6T, * 5 T RE Fh 2 PFERFA

Pom(T,) © 5 = F BATstrrg S 2 4p = EE

7

e

Bixd 2200w g di o B RS g LA FIR T L R kR

B AR -

2.2.1 GPS fujtdp - & £ pLipl > 25
’)"éX Av\{"*'v\i—:l;’\’i\;ﬂ -—-:,}’\'%;\Bi:ﬁ!,&-—:,}ti':_fé7 E‘LLL
ERARYRY 220 - Lo g — =0 ZAPRIRIZ Edp s B

RASB - BT EPRF-FEL/TEZS B ipmp g

tE 0 B AT AR 2.2 40 o @ 1R 2-10 2 B AT - g

BN L e

be{B (T1) = CD);(Tl) - ¢,¢{(T1)



- f% (pl]?(Tl) - Pi(T1)) +(fz — fa) - (Ty = To) + (5(Tp) — @4(Ty))
+ d)atm;{lB (Ty) + N/{B

(2-11)

Nud
Ar'S

(patm,{m (Tl) = (patmé(Tl) - Cbatmi (Tl)

JeXQP) QT

= =

PEIERA PRI EB

e

2.2 B G — = A AR RBP4
d 2-11 7 10 I3 G- =0 A BRI AR Y e R h PR ERGR A D

PRI A d iR P AL oS F R ATSEL S Rl R

g

BLRIG % i 5 5 - Tedp it At B - = 2 ah SRR R

H

fot
<

530 £ H B F ARRERF MEG R Y R AR

0OBLIR| T A2t i £ e

13



2.2.2 GPS fL it 4p o % £ BRI 25
GPS 't dpiz= A BRIE 2 4453 BiRITKRAB> - &
SIT BRI A SEHFE j~ k7B 2@ B— X L 4p P B g o 2 S p

ZAoB 2.3 977 o @ RIYE 2-10 2 M GV BH B BN A ot Ao T

®J5(T) = Ok (T)) — @), (T))

= g( 5(Ty) — Pﬁ(n)) f] (PB(T1) PA(TI)) athB(Tl)-l'Nﬂl;

(2-12)

athB (Tl) = athB (T - atm,{;B (T1)

JE _ nk o g
Nip = Nap — Njp

PRLERA PRYEB

Bl 23 GPS i Ap = =t gLl = B %
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d 2127 v M RACRPFREL T ML TS AT 4 - A
g R RS TR R RS L LB R ET

XTI

2.2.3 GPS Lt 4p == = £ pLiR] > 42.5°
GPS Uik Ap iz = =x Z BRI E 7 K g 3 Bk A-Bo s
FERTy ~ TR D SRk j~k?riH 23 B L pmplgcngd o 2

A rAoB] 2.4 -

PEYTHEA PEfLEB

B 2.4 GPS Ut dp = =0 Z pLip| & o B 1%

MY 2-10 22 B (27 M-H B E W A 4o T

(Df{;('rb Tz) = ¢,¢{§(T2) - d’/{g(Tl)
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J

{fz [(PB (T2) — PB(T1)) - (pﬁ(Tz) - pﬁ('rl))]} _ {%
Jjk

¢@gm—¢mn—@xm—dwmﬁ+%m (T,12)

(2-13)

d 2-13 7 114 IR GPS flik 4p = A g 2N Y ¢ 3R § g
FarerAR L Bk Bcz ENJE o md 2 AR R RS A B A
BLRIE AR A (Fo 971 2 S L BRI 2 % MR 2 SR A AR )

B £ Sk ORI R E 2 RS L o
23 HHinkwd A

ok $r GPS frh gz 2580 & B At gl@ i aag v
BEEY RM o R Bl BRET R WA T M A B

_@;}-éﬁ_x Z_ ;}"T_E/T:}}‘ ”L]‘f)]ﬂf\" EIJ 'i/ ia}\d ’r/\jﬁ'/n %l ;I'T‘E’T"f = "/‘_:Ei 3‘;;}%’1_

HAmatBI0A 3 301 24 [Bevisetal, 19921 ¥ 7 11 % ¥ g > %

(dm
,\@.\
(s
J
F

W R TE S MELBE P4 P 2 B 22 (Snell’s law)

OB 3 ek g_“.'_:é_" ’}ﬁf?ﬁ@fi?é“ﬁ% » 4o 2.5 Fror e
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B 2.5 Snell’s Law ( Kleijer, 2004 )

g Y O HI R EEET R S [2 @ 5 2009] -

ol PyY, o, €\, ¢, €
Lo =10 6{L4(klﬁ%-dz-+£4[k2i;jdz4—ﬁ4(ksi;5sz} (2-14)

M, | P M, e

- LR U L 2-15

p=patpy=—or| T MRJ (2-15)
HY v 0y 525§ BB 0w B2 FBE R ZTAFHY &K

%2 8.314JMOIXK > Myt -k § hE D 8 > My do5 § chi B 8

%t 28.9644 g/mol -

A FAAA B LIRS

dP

® o p (2-16)

AN G
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Hd o P A 24 5 BRiE(hpa) > On

SehE 4 AeiE B (M/SY) 0 B R N B AT

z _.ns) KR o M, |e e
Dtrop 10 {MPS-’_J‘H k2 klMd ?+k3_|_—2 dZ (2'18)

AR

"~

Y .
=

Z _ N2z z
Dtrop Dtroph + Dtropw

(2-19)

‘i%ﬁ‘rér}"—;‘:?(throph%‘ ) ;%W/PIE_%%%&%;F@{E

l

= 78 (1 D?

trop,w

FlAE L A4 T et B AL fou B BB L

)RR Ao 2 F RER R BRI e FTAA Y ¥

ETTRN

AR o d b NI RR 0 - R Y NI F Y s

Saastamoinen -3¢ ~ Hopfield #-5% 4 Niell #-5¢

o]

Saastamoinen #i=;% (E - m):
Dy, = 0.002277 x P

(2-20)
DZ,,, =0.002277 x Klij +0. 05] xe-— B}

(2-21)
He p i

A4 (Eihpa) TEH2BRECK) e 3 ¥ &kF

o JR(H x:hpa) > B &2 ixiceo
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Hopfield -3¢ (¥ . m):

z
Dtrop ,h

DZ

trop,w

=10552x10° x ?(4.136+148.72 x(T -173.16)— H,)

ER

Ly

-

—~7.46512x107 T—ez (11000 - H, )

(2-22)
# B4 (Eix:hpa) T 5

i)

P4

(2-23)
LEABREPIK) e s B A kF
A JR(H =1 hpa) > H, 5l % 42(H =m) o
Niell $25% (H =: m):

1 B 1 7]
a
1+ dl;y 1+ aht
1+ dry 1+ bht
DZ = 1+Cyy N 1 1+c, y H
oo gy sine 1 100
Sineg + a
sing +—— sine + .
i sing+¢c, |
(2-24)
1
1+ awet
1+ bwet
1+c

throp,w = el (2-25)
sing + We‘b
Sing + ——

SiNg+C,
HeY ¢ Zi@hwde > HEBA42 2 F T2 abc 5 4Pk o ¥
;i
AT ;L‘ T3
R

“$<* Bernese 5.0 #t#8 > ™| = FiF f2H GPS BLR

TEop WEVEE o MR A R B ~ Bernese 3t gl
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%aﬁ%ﬁ%?%ﬁﬂﬁ&@ﬁﬁﬁﬁ%ﬁiﬁSﬁ%%ﬁi’ﬁ”

1y
-

;U F gE S L Rt B 2 RINEX M 4% ¢ Bernese (9 M #% »

&

Fom Az M et E g4 %ﬁ” U gRCE R ?"} B e 2 BRI
oo A BT PRSI REF AT -
VR AR LR AR 5 IR sk SR(X, Y, Z) R R D7 1
Bt Rt B RN Y e D g w B R D ] & R oen T
SEEE SR AN S S S T E CERIPE L L AL
BEFRE)DFEFI LR RS o FE 2D HBRE
v Ao Qlplsb 3 A RS W R S 2 e ¥ 4 oF 4o 54 [Wang et

al., 2008] :

0770020 07)- w0 - 7,0 Bl - )

OF ¢ 5 RlEk i BLBIFE p hir &
0) 1 ARk I ELBIFE q i &
OF SRl | BLBIGFE p ahiT &
0] 1 %Rl BLPIFE q T d

M@) @ Prbtdnlic, © BEP| P EC v pETS BT L - ¥k
DZ,(t) * 42 fcsb X o $Hin ks + Fut B
NP g Rk ol i jA bR e Hin kB R  RfEp

B LHEL S SIS FIEEEE S = S
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'Ky |ee
z _ -6 3
Diropw =10 (kz + _Tm JJ.H T dz

'ﬂﬂ’kzéﬁ:ﬁt’kz_g

Ow KFRE > o k%R Ry Ekf gy
(Ru=R/My)-d GPS {# 3]st & & v g3 = v ' -k & PW[Askne and
Nordius, 1987; Bevis et al., 1994] :

PW=I1x Dy,

A2 @#EFF A2 Befl  ~FLERkfzE
(Integrated Water Vapor, IWV) T 5 ¥ "5 -k 3k F R -k enB & -

IWV = PWx p,
WV g Bk fE2ez4i87 023 5P HEd

drk(kgim?)sm PW chi % 5 - B s i< f 22 2519 53 5

i3 & avkg (mm) o
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$3F AR REZ ARE L G T

3.1 WVP-1500 i &3+

WVP-1500 -k 5 ik 45 543+ (B 3.1)7 # * % WRadiometrics
Corporation = & #7B 2 > 5 — A #Nk 5 Mok dg 53 0 7 S 4k (F4g
Fom & 22235 GHz~23.035 GHz ~ 23.835 GHz ~ 26.235 GHz 4= 30.0
GHz » Gl 47 & 1=tk f chwx Jeif & 22.235 GHz i » “r i 4+ §
KF gt Fulagg  FEFL S FOKF RERDET o g BT R
210 22 vk F e 0 BPRRERS FVERIoRE R E T
KT g R R HCOPSHIE A 3 AR F ok iR E R
mﬁ%l e o H S @plpE R (cycletime) 7 < 1045 0 PREERA

R RRIEARR RS CAPHBR R e g

N\

& E RS

3@

# Rain Effect Mitigation (REM) =~ i > x2 3 ik -k i ' 8 543+ % S E
SRR AL 0 - B Ak A Bk A 3) 0 2 oh B Azimuth
Drive ~ 8 % kffir i > & B PI(L-GPS Wk 2 &V £ 35 ¢
HEGPS f#kh chrd it ) ¥ R kAl Rut KA RIREZ lkm T

2kmF &~ 55 1g/m"3 ] 2g/m*3 = +[Solheim, 1998] -



Bl 3.1 WVP-1500 #5535 fc GPS 2 fc B A s 14 = £ e E & 17

I LR ) -

32 M RE
L0 EEH A EPIE R A L 2 A I ST HN
CARIR ST B AR 2 F 2R R fF AR B 2 R RS gAY
i 9 iEd L E D IREE BRI TR 2 2 et o At B
BIETUEL R S i F R B RS R VRIPIF BR WA AT
Lo 45 5l = 25t
RREBNAZTEF?P BIGEdr et 5

dB =B(r+dr)—B(r)

= dB (emission ) — dB (extinction)

(3-1)

23



d 3 G MO Ak L B S F AT RS ¥ L vE A 3 0 dB(emission)

- v

dB(extinction) ¥ 4 % 7+ &

dB(emission) = x, Jdr (3-2)

dB(extinction) = &, Bdr (3-3)

HY k, &% F 5 cth#ic> J 5 Planck anfic & < § 2xid 5 o dB
dB =x,dr(J -B)=dz(J -B) (3-4)

HY dr=xdr 3 k42 (optical depth) e & - 3L 17 3l ics 3

;9 enidg & i3 YR 2 47 58 (radiative transfer equation; RTE)

3_B+ B=] (3-5)

r
H ¢ k4 (optical thickness or optical depth )
o) =] wdr (3-6)
F R 253l b AR 0 T O E RSB A2 e dnfE
B(r)=B(0)e "+ [ s, ()3 (r)e " dr (3-7)

Planck &n#c & M ok R B PF hf <<kT » ¥ 10 g #

24



Rayleigh-Jeans iTizo# ¢ h % Planck ¥ #c(6.63*10™%oules)> k %

Boltzmann # #c(1.38*10 % joule/K) - B] Planck & # 7+ % = %

2
J(r)sz KT =2kT

c? A2 (3-8)

#e 2 kT TR ARER (brightness temperature 5 f £

RE) T,
/12
To(f)=5.B(r) (3-9)
BT, R
To(1)=Ty(0)e ™+ [, (rJT (r')e"dr (3-10)

T, =T ") + .[: i, (r)T (r)e " dr (3-11)

Be T, A0BRPIEINDRE Ty AaFw A EAREOEARL 27
KsT(r) #7*FEAEe > A 9?P Z8LEF-Ai775FF
BMEE S F R EREOT R SRS FRRBL D 0 T8

(o) BROFH LT

BRCLR G kT AR B oK F 2ok od TR e
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EERE

i, =1.15x, +1.08x, o+, (3-12)

A B R Keihm gk 1 £ 0 H B F ¥ 8 g

B BT gk oA P % Leibe fo Layton [27]% 1987 i 4% J e
SN E K F 2R Rk R o dio Rosenkranz [28] »t 1975 i 4% i b

ﬁ_“;\‘—éigil— m")&“lilé‘ﬁ{’ﬂ 32 {E’T JlOOGHZﬁlL ’%‘;r“ ‘7}{

g

F fo ke o i o B P Bor ok F ez e 22.235 GHz 3

=

- FF 2 60GHz § - B o R ALK T B AR SR 4 @
Hi4v o #7020 22235 GHz T g & LRI~ 5 ky 0 ¥ 5 RV H
BARACE ¥t B0GHz ST aE S i & RBS FRAG B Kl

na

FOLR R ok o B ALS A WVP-1500 45 bk (0 E &

22.235 GHz *fif s F]» @ fdif 30 GHz 45 & sl (EAE 3 B %457 i

KR > T kT AT ke ok
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10'F

- ——— 0,at1000 mb
- ———— water vapor
T ———— liquid water
| - - - - 0,at500 mb

—~10°F ~— — — - watervapor

S F - — — - liquid water

4 -

e -

5 i

Q- B -

)

E 1

107 F

i) =

2 [

= B 7

g |

<

10?
I | 1

— - -]
-
- -

s
o
e

20 40

Frequence (GHZ)

Bl 32 2 FIEFT AR~ f =i jTiiii

2. HehggEfit oAt

WVP15003:§7§/ il ""H:?r‘mE/E li‘g’g””j\‘a/?l

Benfg bt B oo » jj‘}b{f%,g_ A
WVP-1500 5 &3t p 3Renp + 7 8

g 232 tmﬁ%/ﬁtiﬁl%‘)‘l—ﬁ 258

T, =
Am V

Tnd

i 3E ITE AR

L 1=

l\\v ‘7~

(3-13)

B T m RAUER > Vs s B dpe X 2O R OV, ST L

ML MM PR RER ST ZHEOTR OV, B bk



WML e REP Y ZRFOT R T, 2R BHE
B N RO o BB AR~ % f Mok e A - )I‘n\v BRI REE

/j*er BoER B R d kR F (T )k E(T )4
o BB ’igﬁ#?ﬁ%]ﬂzﬁﬂ%:ﬁﬁ A DR F B T &
Tl REN Y ZHERLT JARE AR T, RA AR
FLR IR R R S B RRITRE AR iR A

E SRR -

TG AP FRend 5 WVP-1500 #5 #3 G pldE st R chE

ZHLXFEISE LY 14 p A 5§53 (mpl512,mpl513) F ik b ¥

LA BpE B 33 50 oipEtirE I 26.235GHz chR R B 0 =

Bood 31 A S TENRETIHOLEEEEL > BipE
Lo MBI R Rt 0 B 35 LRI EA SEMTTE T
26.235GHz eh# g € > = RIE EenA EP S 1 5 ILE > Kl 3.6

Y. S FE g2l A
n’;&riﬁlk"\‘: (S

~
=0
5
e
Ju
f
S
=3
b
fa
i
=
B
=
R
o
2N
Ej]
o
H
W
=

2 325 iA ol TR RETIHLEE R L EiE] T

LR
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Lo o] BT o R E - & I fF ARkt TR

E_GPS z i B 5 & o §§ %3+ ¢ % pF a Tipping curve & & 42 5 >
EEerE Tnd & > & Tnd &5 f 8- # @5 T iksk 1 i B )&
T REBRIARRREGE AN X ARER B AITN S 3
FHEFn FAF A2 3 N g dek s 5 ¥ AT Tnd
B TR B R P AL RAGEAL o don Mg AL AR A p

v e s ,Tksbrrﬂ—w;ﬂcfrm% B EG B mR

% 3.1mpl512 2 mpl513 A & T35z L& 5

Average (K) Std (K)
chl (22.235 GHz) 2.802 2.819
ch2 (23.035 GHz) 3.544 3.556
ch3 (23.835 GHz) 5.474 5.482
ch4 (26.235 GHz) 5.361 5.368
ch5 (30.000 GHz) 4.686 4.710
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% 3.2 it mpl5l2 2 mpl513 L & T 0% {EE

Average (K) Std (K)
chl 0.516 0.601
ch2 0.396 0.484
ch3 0.696 0.749
ch4 0.455 0.537
ch5 -0.305 0.568
36 B
34 :— MP1512
= MP1513
o 32|
2 f
S 30
o 30F
E [
-E 28 —
s
E 26 -
@ 24 MAIAA
22 5
20 L | | | | |
8 12 16 20 24
Hour
B 3.3 & sfghtst 4 26.235GHz #iif R FlehR B




B chl
B ch2
o 7 ch3
8 B ch4
% - chb5
= 6
Tt gk
® b h I‘/V\M WM\\/ \N’AA{ ﬁu\o ANWL ‘!\I VI
=2 5 v
('G -
) B
o B
E a4
8 -
) [ J
8 | | )
= , '
=) B
o 2f
1 - ] ] ]
8 12 16 20 24
Hour
Bl 34 & SHst Tl BAEEHRELE
36 -
34:— MP1512
B MP1513
o 32F
5 i
= i
S 30
o B
e B
L 28t
P B
wn |
D |
£ 26
R |
= B
0 24 3
22
20 : ] ] ]
8 12 16 20 24
Hour
Bl 3.5 KA Sipstit 26235 GHz 4 € I ehRE B
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chl
ch2
ch3
ch4

N
L B

1
=

Brightness temperature difference
o
oo I I | I I I I | I I I 1 |

|
N

12 16 20 24

B 3.6 ’f’?‘iﬁ fs ;EE’T;’L 7 ﬂg‘ﬁfiﬁ R E L E

3.3 Tipping Curve & i %

™
=

A& Rr Tnd @07 2 5% i § 2 o Tipping curve ;2 > %

-

NS

3y
e

FE SRR E 44D

o

52

i~

Bty @8 Tnd

G

TR EFYET O RENEEFINRE > R AT hEE -
A 07 ohfg B3t Z_ig * Tipping curve ;= [Han and Westwater,2000] -
Tipping curve j# B3k ~ F 2 TR KA, F o547 % §F SHIOFE
BAEARA R EF RGOS - R T S F R R - i

LAE( 36)F A7 5T R
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(rl,rz)ZJ.:KdZ/Sine (3-14)
BE 05 i E o AP RLRONE RS RS 0 R E Ul
oo dg it enif it o 8 314 Rfcb BB > TR

1(6’)—|—9 " kedz (3-15)

P A RRREIfcART M TR

[0 _ 1
(90)  sino (3-16)

ao) =
g3 316 P ek AP s e TP Fehd Rk 2R s
b3S ik gBLPI T FRAR R U sing B E LT 2 p kAR o
AR 0 BRI R R feens AP R+ § T istgEE A& (atmospheric
mean radiating temperature)4c ™ 3t
T (0)=[ v TR = 9 I(1-e) (3-17)
FI# b5 311
T,(0) =T, + T, (0)(l-e ") (3-18)

ATl SR AR T 1L E =

_inf T (@) Ty ]
0= '”(Tmr(e)—n(e)j (3-19)

PR T AR TARBIDREE T, AZERE T L ET]
T, E T AR fu?""‘?ﬁp?};/fﬁééw ’—ﬂ}ipﬁﬁifﬁrsm‘ff FER > REZF

&Rk ARES > 2 WVP-1500 7K 2 2 54 & » 5 30 & ~45 & »



90 & ~135 B 4- 150 & > fI* i& 5 B & & ok fgfe & 5% 3-16 > 7 R ¥
51 % T kfeo % AUt fF R A & X T kg2 4p B F o
i GF gk <3t 0.98 4 ARAR 5 £ e Tipping curve fet - % 3¢
3-18 ¥ 1 REATHA Ee RE o L AIF fF S 2N 3-13)F R
FrenTnd 0 70 Tnd & § SRR an it A cc > 4ok PTRLPI T e
Tnd - TEFRFROTHBERS AN X Tnd = 5 pF fj*ud» B
PR R Tnd e e B R T AR P 0% eT kUM F @ ehrt i o 4 e
ARl - R R(TNd) » Az F P PR B p by kS E
Behrt a0 eI F R Y R Rk b S 1T 2 WVP-1500
SE RS AR PRk B o SO Al B AR = e L e (0
o RN AT -FEAL ARHFE- L %A R CURERT
* igéfﬁ%ig?] e level0 T o 8§ 3 AR5 ﬁi%] FOEE ﬁ*u
A level lenF sl olevel lLhFRTE- K FFAF ki 78 %3
BB

Tipping curve it ;2 ¢ < — & F4 & 2 [Han and Westwater,2000]

4o FRd o=

_;,,.‘

ot il RARA AT FH e £ RFL 0T,

GRE 0k RIS X AR o F S S RN Pl AR AT S R L

.\.‘

Han f= Westwater #7 7 iz B2 508 30 &=

f g 01 B

S

6 A KT €2 > 05AR DL Liodk % 4L &7 1211 Gaussian

®



4

15 3T A T AL B AT, § A 905 R ATEL
few % MF0LAR kR * B G A F TR TR eEL fi
2 BerR A o feded i@ % $HAES SRR ais o 4o 30 B e 150 B s
VM 0.1 BIEEL o 1 b gt g 2 WVP-1500 0 Tipping

curve & » #rE I Tnd L A 05 &R o

BAEA I 3BT URBRIREF T FKF F RS AR
FOREA R 2 0 AR AR T MR RE R T2 0 R F Rk F R
BRI LA F hobiEd L ER(AR A S & P4 s #)iF 5000
THRIZBRTHEFRF T R AF SRR FSTORE 2

Eﬁ;" ASEE oL
T())=Al+2 A xTh (3-20)

He T() RAT AL FKFRAR(F AR S 0K =1.2,..0) A
S5 iE Gl =12, R AR R S Thy 5 8 i
FRRITIENA F R SR G RR TR~ 0 S e (5
P The Rt ErEPRE 0 FE T ARE RBWEL L UF S
T L ET D R I S S UL A S S I

AT T2 EETES F it E S RN S e =



TR T AR

Thyeg =Theyc +Gaussian  noise (3-21)

H ¥ Th, (& BB RO N AR RIE > Th, A 2N AT R

calc

- s

2. EiFSELRIREF FT kTR iR

G

sk 7 2feiRu S oA
2 i i * [Liljegren et al.,2001] #7% B chgE4E F 750 0 d >3k
THE F ehR oo 22 23.385GHZ 4 30.0GHz & BHE & 0 R H
¢t oh 23.8GHz - 31.4GHz -
kA2 (58 3-6)F 1A fE AT SN
T= Iowxdr = J?KO dr +IOva err.l':KL dr=7,, +7, +7, (3-22)

H Tay o, fer AN EF F o~ *:ﬁ’;;xfr;{;i,kﬁqﬁ}%g o k¥

r=1, +f/_vv + oL (3-23)

1 o 1 ©
Vel ["adr L=t [ pdr (3-24)
pL’s J.O pL’s J-O L
B fs 2T =
T =11y, =K,V KL (3-25)

PG AR S ke b oS4 T
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Tl = Kvap,lv + Kliq,lL

(2-26)

*
TZ = Kvap,zv + Kqu,ZL

4o b AP Arig S BAE S et Ky 17 Kq ? 8 17 ,T};;a E KT %K (PWY)

V =v +V,7, (3-27)

* *
L=z "+,

Y Ohfg szt r R 3 en B R A Bk AR o K5V 3-19 & kiR A T G

(3-28)

2(6) = In (Mj

T (0) =T,(0)

E‘hﬁﬁﬁf‘;\ o Fr 1Y ’lf_l—‘féfﬁﬁ ,ﬁ’}f_‘;\ ¢, 3\ fFEi/—T' %Li::. T G :@Ciﬁ;_‘i&ﬁ?l}’ﬁ’
A
T, =a+bTy, +cRH

Tary = a+b ( Psfc — € )2 /Tsfc

) 2 (3-29)
v=a+ b Psfc + ClTsfc + CZTsfc + dlesfc + dzesfc
| =a+bP,_ +cP, e, +de’

__P JT\: 4 ﬁstfc ’ Psfc ’ esfc'erHst s E"J 7‘%‘ i*l' %" ﬁ?,}é’_)i ’ @ 4 7}\/%. A}@’?r’
MHEBR P BEYFLRF G I FLF TR I IR F ek
o AP g R D e AR R E T, o, 0 e S BB

BB ofer o3 0 O ,T&F’ A 327 B ke sk g

NS

37



I

?%*?U%@Tﬁﬁﬁﬁﬁ&@

PW=V =TI1x D?

trop,w

HYOPW L AT RSV LTS 0 B F AR
BT RAPRENY - REARYEZ FRFT AR Eﬁ,@q*,{rlg | o

34 AR R T G

rh Ak 2(GPS) e AR AR TR T guIR 0 £ GPS %
AT E Y o A M R ITE LS S o - e AR S f
Bl RE A H B BB BRI D NEF - i o

B AEPGPS T3 2P o T kEPEFHFRE S A
1-2mm =+ > B L o 2 5 &5-10mm = + [Bock, 1998;
Johasson et al., 1998; Schenewerk et al., 1998] - B 42 Z_i+ i & # £ 32
d3 a3 Ber-Flafrh atz? s mkmy HEG EUE;
FIC LR F ek P & o0 gR %15 & [Santerre, 1991] - % = o d

A TR A PR AR F i S P g 3 5 & [Davis et
al., 1985; Dodson et al., 1996; Emardson and Jarlemark, 1999;Herring,
1992; Liou and Huang, 2000] -

GPSHrk 3B & @i enpe /T ® § 584 F & » § @ GPSHrh U5

SRR B R R B S TRA BT TR PP



Fros LA UL E R AR P A - AR S
Eapmt é] o é] T %Kmiﬁ Foralde s & JpH Bt H B E-'/?'inaﬁ

H% o PGPSR BEY B F R G I T iR u BT

TR RELY S § AT HGPSEANSLDR T c HIT A UEEE T
géﬁiﬁfk‘?ﬂq%’""f nzn%ﬁ%‘;“g@‘g’}‘fﬁ-#bﬁ‘g f ﬁ‘/gﬁ&

BoFpMBNT EATTE S L2308 > ¥ B iER LR B
it iEm A % Fout & > HgF RV EmmE & [Bevisetal, 1992] > i
BB R e N F e

FRE BT A B E RN I B 2 hd & A X
ez FokuEE Y BRI G R > REZTD 25 R R
Fe Sditen™ A5 o — BB R LR (hfcA] 5 14T L Saastamoinen Hi-
;' [Saastamoinen, 1973] ~ Hopfield #-3[Hopfield, 1971] ~ Modified
Hopfield #-5' [Goad and Goodman, 1974]4=Niell #-3 [Niell, 1996] -
Saastamoinen[1973] #4& # 4 4 2 ¥& ( Zenithal Hydrostatic Delay,
ZHD; ~ % 5438 > Dry Delay ) 5383 % chgkz > Hp AR 7 1mm
2 { B % [Mendes and Langley, 1999] - Hopfield[1971]#1 % 4 &
X 7w o g #F 4 4t ¥ {rSaastamoinen #-5 3 b 3FehZ R [Bock and
Doerflinger, 2001] » sz 3+ & § % 5% 3" > » FMARB* L2 TR

w Bt & (Zenithal Wet Delay, ZWD ) ° #Rm d *t-k§ = 5 ¢ apF
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Fiez B2 a3 B ER* » &2 5§ %5\ 53 ZWDiv 5 3% %
R AL o ZHDHSS Y fe? A s R EH R 9 22-3mme &8 £ § % T
a5 ZWD H g Z 9:£3-5cm > @ 4t 5 i B PF R ¥ £ 5- 8cm[Askne and
Nordius, 1987; Elgered, 1992; Janes et al., 1991; Liou and Huang, 2000] -
Kimetal [2003] it 7 ®F 3 4 RGPS T plenizisd » Fi &
F % FHcELR| G FTGPS wimoo e d AT * ok F eF B
R REER  Bh A F R F HR G T AR BT
BRCRRE SRA ZRFEPITEFTE 0 BN HGPS i
MBS E R ETFAL AT E T A R ¢ o ¥ R F R
IS F R R gy RRBIFTHE €5
3+ 5 2 % [Dodson et al., 1996; Janes et al., 1991; Niell, 1996] - % & iz &
FHEFFOTRAP B RFIENBF DG $F 2 ERT IO o 4
W ENTORA I F G T UAEEE RNk i)
P ek i o Bk FRR G € F AR p B B A kR
o Klobuchar and Kunches [2003]4# 3R~ # #in & % 58GPS 2 i
&@i’g%%ﬁwWiﬁ%%ai%&ﬁ%ﬁoﬁﬁn FE b LI
BRESBRERAZAF ZEOTEOONHBE AN EY
mA LR RS g kW o P2 GPS iz = % [Klobuchar and

Kunches, 2003] -



K F Mk 45 #+3+ (Water Vapor Radiometer, WVR) 4 — i)k §

ZARR F AR E 0 WVRELRI T 3% B enie SR B kg 1

VB RE A R BERAAT T WRERKF §EEF - 4

SWVR >t 33 ZWD 47 4 thi 4 o 2 R4 4 A0 1-3em > i

\\"’

R E o 300 R~ ¥ &3-5mm[Rocken etal., 1991] - § £ #E 7 F 3%
e mpFE ik £ 9 A1- 2cm[Elgered, 1993; Liou et al., 2001] - 7
715 £ ¢ > @ * WVR »v e &1 1 GPS f#Fh i ail e Rt §
Pro 3% T B I R gt o $22-850 o 2 ehiksa 3 0 GPS
-3 48 2em &4 F]Imm[Alber et al., 1997; Ware et al., 1993;
Wareetal.,, 1985] - 7 i » GPS BLBFZLZ E <~ 5 ¢ K §F B E =ML

B :[Liouetal., 2001] » s pir® >t S8 n FEF R EMHR > v &

B35 5mm 1% % [England et al., 1992; Sierk et al., 1997;
Weckwerth et al., 1999] - & & WVR zhP-ig FFpeeiig 4 » e LiF
o 3t10 A 4Bz oo et (75 JEGPSHFE A v R B E R o

-

e 2 e FARA 4 243 2 2 ASRPILL X ehdE SR 5
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ZF3F1.2mm = & B [Alberetal., 1997] » & B F % 2 % * 2 /£85

2 /> eichoke ring = &4 » it B ITOTE BB IS o

GRIP S 608 PIBAT S A d p Fdnal g S5 fe & GPSEUR -

&
b=

3 @ E[2009] #F3F Sz 3ol St BRI T ST A 5
GPS#H A2 S e 3 8 F IR F Mok 83 T &R e & B R
RlZ TS R B ek A REW L F RBRPITREER FRRAZL S
TR EHFERROARE RECPS FAELE T 0 FEEEY
Fiem %5 fﬁ_iI.%LGPS BARL AR S p TR BT A 2 Bl £
FORBLRITA G R B SRS N h s p TR . SRR

e DTS L RN SRS ST 5 LR S S

PoA TR s A 5 ¥ (R F H o™ ) Solicm 3 RAE et

\\\

—

BRI - T WP SRR S AR RO IR R TR

empe s BFEBIBE SN 9 27 UHGPS B AR RfR R
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1. R 275 % 2 (23:55)8 (715 12 Kb 250 0 255 37 Tnd

2. T % p®{ Frmpcfg #° 7 Tnd & -

3. edkET Tnd B >tieddn @ o

18 BB AR B (ed2 - LR TR

1. #8585 % 37e0Tnd & -

2. F1* 37 Tnd & > % Level 0 T4k = Level 1 =8 T -

3. #-Level 1l % T~ Level 2 ~ 5 kg T o

A EE RALp Rl AR 0 T O tip mgi;] VR Y
BEEASBEE > I FrenTnd & - level 0 s AL i 3 = level 1
SE 0 4 ﬁh{% B PP ARD PR T TR g st

WA Sk R E o L R B R AFE R F fortran £
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B3 Fren Tnd Eo40B) 4.2 o1 F EFEEITTnd &8 ~ mp.cfg
e o 4ol 4.3 o o mp.efg FhE L B Tnd B AR e AT
His o v kb F Een{ &7 0 55434k (74850 ¢ & 00:00 £ 37
fxds o & Frid ~ mp.cfg ;}%’igéfﬁﬁiﬁ;g % FrenTnd @835 28 & o

P RERTeRTNd B € o452 *_Tndesv g9 > H P “*“R L &L o F

42 ¢ T4 43 AR O9 & 110 13 p F 14 p iRl Tnd i F
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BRFIET S ERE o BEHEL 5 A KR H P EEG

£~ R 0 AR SR ¥ BT Tipping curve it Tnd

170
165 F . chi
- o Ch2
160 —— Chi_old
g — ch2_od
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150; 5 —— Ch2_new
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Time

Bl 4.2 127 (KDNM)i5 b3+ 48 5 22.235GHz(Chl)4+ 23.035GHz(Chl)
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1 Da of last
18:36:30 Date of last
:target tolerance for

frequenci

LN2 calibrat
calibration

verter 2007-09-01)

2 cal

0.39155021E+00, ).73246346E-06, 13
.44003008E-05, 13
.59119920E-05, 12
80033E-05, 1
073946E-05,

-0.296653
-0.4128588

2

CK:
Date of las
Date of last us
tolerance for
of £ es
f,alr
.09390,

N2 calibration (New Synth 2007-02
2 calibration
al

2007-09-01)

+k3,k4, Tnd
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TkBB % %4 247 g 5 R - a & 2582 T 8k Tnd290 &
TKBB % »: 290 K pFeiesn = 1488 & KL 3| K4 5 1 e 8 & o
dTdG 5 = fc BA M S-dce M gk B40F level 0 iR -
Gain_sky 5 BB 2P EE > &7 5

Gain_sky = [(Vsky_nd™1/ a )-Vsky™1/ a))/(Tnd290+TO)]* a
Gain_bb LRI %% ZHEHE @ &7 5

Gain_bb = [(Vb_nd™(1/ a )-Vbb N1/ @ ))/(Tnd290+TC) " «
Trev_sky 5 BB X ZFFERITBER » 27 5
Trcv_sky = Trcv_bb + dTdG*(Gain_sky-Gain_bb)

Trev_bb % BLpI %% 2ZRPFRTBER > 47 5

Trev_bb = (Vbb/Gain_bb)*(1/  )-TkBB

TC = K1+K2*TkBB+K3*TkBB"2+K4*TkBB"3

Bt WVP-1500 eh v chig bzt = f2 87 8 =&
Tsky = (Vsky/Gain_sky)(1/ a )-Trcv_sky 4-1
level 0 FdiE level 1 7ok erde 3¢ fvigds= »» i€ * python 3%
T RS B level 0 FAFE level 1 FHd o K,ért EI T AT
WVP-1500 #5543+ 258 (4-1)7 > B2 &8 T 7|58 3

TkBB = VTkBB/0.0249 — 0.15

Tamb = VTamb*100.0 - 40.0 + 273.15
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Tamb ~Presfe Rh ~ % i+ & < FEE > B4 feip R AR

Record,
Record,

Record, Date/Time,

f10
f10
/10
f10
f10
f10
f10
f10
/10
f10
f10
f10
f10
f10
f10
f10
f10
f10

0,ID,SNR,Tamb (K}, Rh(%),B
0

Pres = VPres*52 + 800

r
44,1
55,1

81,32,48.,300.
81,29,47.,300.
81,31,48.,300.
81, 3,50.,300.57,
81, €,38.,300.55,1
81,14,4%.,300.72,1
81,20,51.,300.49,1
,81,16,46.,300.52,

0,11,300.30,100.08,

,81,32,47.,300.35,1
81,29,46.,300.47,1
81,31,45.,300.35,1
81, 3,50.,300.47,1
81, €,41.,300.50,
81,14,45.,300.54,1
B1,16,51.,300.64,

81,20,47.,300.
11,300.70,100.03,1
,81,32,48.,300.65,1
81,29,48.,300.60,
81,31,44.,300.74,1
81, 3,45.,300.91,1
81, €,45.,300.79,1

1

.81,20,47.,300
11,300.79,100
v81,32,47., 301
81,29,45.,3

24,1
3, 1

100.

100.1

100.08,

81,14,42.,300.91,100.05,100
81,23,45.,301.04, 100,08, 10
81,1%, 300.97,100.13,10

Rh = VRh*100

i

# 2R E(Vrain) <

06 & TR o

23.
_3.035

_3

es(nb} Rai: n,az{deg} El{deq},TLBBtK}.
00.11,100 B6.04,148.

00.05,100
05,10
.08,10
00.01,100
00.10,100
00.05,100
99.56,100
00s.7,H,
aa. 1 lﬂﬂ
00.01,100
00.01,100
00.0

8
08,

ﬁQ l=3
.08,1

00.0
5.9
00.05,100
00%.7,N,
00.05,100
100%.6
00.08&,1008
00.08,1008.7
00.05,100

00.0€,100
00%.6,N,

01,100
03,100

Date;
Date
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B

g,
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11,
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4,09/24/10

Ls,
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€,08/24/10
7,09/24/10
18,09/24/10
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20,
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5,09/24/10
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28,

,09/24/10
098/24/10

29,09/24/10

20,

09/24/10

31,09/24/10
3z,09/24/10
33,09/24/10
34,09/24/10
35,09/24/10
36,09/24/10
37,098/24/10

28,

08/24/10

B 4.4

rIl 33,

9,81,
1,81

5
i

g,81,
110,81,

7,81,
4,81,

L b b b e e e e O

3,81, 29,47.,300
81,31,48.,300.42,100.05,1009

1,81,14,49.,300
1,81,1¢,51
1,81,20,47.
11,300.70,
L,81,32,
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81,31,44.,

9,81,14,42
5,81,23,45.,301.04,100.08,
3,81,16,52.,300.
4,81,20,47

11,300.79,100
,81,32,47.,301.
5,81,28,45.,301.02,100.03,1008.
€,81,31,43.,301.0¢,

.
J,,l lc,u

SRR

11.301.41. 45.

1,100%
.55,100.05,1009

3,50.,300.57,100.06,1008
€,38.,300.55,100.01,1008

3,81,14,4%.,300.72,100.10,1008
3,81,20,51.,300.49,100.05,1008
1,1¢,4€.,300.52,
,300.30,
81,32,
€,81,29,46.,300.47,
8,81,31,45.,300.35,100.01,1008

99.96,1008
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47.,300.35,100.11,1008
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.54,100.08,1009
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300.60,100.
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5, 1008
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©,45.,300.79,100.90

1009

7,100.13,1008
.,300.94,100.08,1008
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,100.01,1009

99.88,

3,4%.,301.04,

, 89.99,1009.
, 89.14,1009.
. 49,1005,
.

L, 301 #.72,10089.
1,81,20,49.,301.44, 93_18,1008.
0.11,301.41, 95.44,1009.5,N, S0

44 1008%.5.H.

Ly
,300.91,100.05,1008.

00s.
899.73,1008.

81,31,43.,3 88,1009.6,N,
"1, 3.45..3 73,1008.5,N,
81, €,44.,3 %9,1009.5,N,
81,14,41.,3 14,1009
81,23,48.,3 99.49,1009
81,16,5L.,301. 98.72,100
81,20,45.,301. 93.18,10

1Y,

06,1008.6

8,1,
8,1,
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5, N,

o N, 32

7 level 1

6,N,323. ﬁ4 143

Pres (mb),Rain, A= (deg) ,ELl (deg), TEEB (K) ,
,ID,SNR, Tamb (K} ,Rh (%) ,Pres (mb), Rain, Az (deg), E1 (deg), TkBE (K),
&

B1,32,48.,300.44,100.1 “E 04,148

3. ﬁ4 l4z.

132.0%,
£3.00,

L
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51, .
©.52,16E.
L80,131

03 138.34,12
€2,136.74,118
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Fl* w3 RN EF RN AR F - ke Tnd 27T > 7 R
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T3 R R level 1 enF 4L > Bl 4.4 87 R B level 14 B B {0 8 e

@elevel 1 FALBEE - PARLATE 2 F % 18 7 Pres 5 j&_ 1009.7 ¥
= 1009.6 - T}—kﬁxf;’; LRI Sull I IE AL R F
Al fs— o) iAo 1 engd w) o Ar AP _level 0 3] level 1 en

(8 RIZAL S R BT S BAR B E0R 2 T § & 43T - g g o

L85 b S - lch i Lehd B 57 A4 St S ehg By

level 1 F42:- 5 level 2 Fflenfest e 7 5 F 7"k > Rk
B fok FokF 2 hE o # % python #3 x A 0 F s i
LU S 3i » H ¥ ’1}.3"'-}:‘:?” Ko~ 7% Ak ]\’ff’ﬂbfﬁﬂ:—'?’ AN 1%’# 3
Z e fjﬁ{i&f{*% a BAER T F RBRD B L F R AR :'HPJ,’TT

Fend Bl 3 AT F Y X R LS AP ERE AR £ 0 98%
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=
B
B
S
hy
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%
*\vm
@
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i
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i
3
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i

§ELAMATE FDE > B BT F BRI H B VRS K
FOARFN AT BRARAPIRY 2T N o i
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Rh o F 2 F IRBRIT "5 R E > Sdh s F RV RE > 75018 430
AR ALY R IT S /T*a«—’* LOELPIBE R e B 0 AP
BLRIT MR K Aryt B R AR A 4T 0 IRA S 5 0.989 2

BTG 1 BAE L 0432 4 BT 00 A5 F w2 BiTE

- >

Bl s o B 4.6 5 F S k]

e

ket R BRI T B

B ETI B R ik e 1934 (RMSE) & 52 0.08mm » iz §_F] 5 %

i

farkehz 2RV TROZROKZERF R RE KT B By
20 BBLRLR B R et B oK AR a4 B IRAL S S 0912
¥ EmEL L LFRS > BHELL 0015 ~ FiT0-R 4.7 5%
R BT R F BRI B RSB o AR ERARE
;j}mfr.u—v oReABE > B RE L 0.26em s FOR S kAR E A4 o

Bl 48 5 M3t fFiE F @iz ar @R ko 2§ TR s
B+ B SRR FE TR F IR AR AR

BT LBl 22 miEls 1.3 9gmM3> 2 8% 3%

ETTRY

TS AR F WA LB B R R E S e
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RMSE= 0.45 mm
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RMSE= 0.2661 cm
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$5% FHIRIENRT L

Ak python 223 3 B B R k3L o7 ks F A& Eap M AR
40 A BARN AT G

1. python (http://www.python.org) » v i@ * 271 "= > 2 £ # * 3.0

VIR s BE g e W ARN A AR o

2. numpy&scipy/(http://www.scipy.org) > python hicie " 5|18 & 4z 53¢ >

A * numpy 1.5.1 34 scipy 0.9 5= ¢ e & python 2.7 =k
A o

3. matplotlib(http://matplotlib.sourceforge.net/) - python g B4z 5" >

g * 1.01 %< pe & python 2.7 c7ix & o

4. django(http://www.djangoproject.com/) - i * python % % 7 web

EEIE B ARAL 1250

5. Apache HTTP server(http://www.apache.org) » HTTP &R E » & *

s 2217

6. mod_wsgi(http://code.google.com/p/modwsqi/) > fz & Apache z

python i~ cgi k2 A%5% » @& * sx & 5 3.3 %3 * python 2.7 %fr
Apache 2.2 'Kz 'K & o

7. g B endjango 45 0 E P 45 ci\django_project ©


http://www.python.org/
http://www.scipy.org/
http://matplotlib.sourceforge.net/
http://www.djangoproject.com/
http://www.apache.org/
http://code.google.com/p/modwsgi/

AL % % python #25% 4 Apache 42.5% - £ % % % numpy -~ scipy v
matplotlib » r4 ¥ 42 5% 85 windows xp T % KARi o RE K AP K
P T T o F fowindows Xp Lk st P TR B % B o path ¢ o4
» »c:\Python27 {= c:\Python27\Scripts- Django T §% ¢k % % zip #h
kR RREET e o BB g =& c\django-1.25 T o
ifei¢ * Console #23;% cmd.exe :& » c:\django-1.2.5 T - & {7 setup.py
install 4p # 7 ¢ #- django % % & c:\Python27\Lib\site-packages p &
A0 g f8 % mod_wsgi hT 4% (mod_wsgi-win32-ap22py27-3.3.50)
# I Apache % % P & 4= C:\Program Files\Apache Software
Foundation\Apache2.2 # =3 modules #2 » ¥ { % % mod_wsgi.so ° 7
Apache <7 httpd.conf *# 4 » “LoadModule  wsgi_module

modules/mod_wsgi.s0” F ff {84 > T A T

Alias /media/ C:/django_project/radiometer/media/

<Directory C:/django_project/radiometer>
Order deny,allow
Allow fromall

</Directory>

Alias /admin_media/ C:/django_project/radiometer/admin_media/

<Directory C:/django_project/radiometer>
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Order deny,allow
Allow from all

</Directory>
WSGIScriptAlias / C:/django_project/radiometer/apache/django.wsgi

<Directory C:/django_project/radiometer/apache>
Order deny,allow
Allow from all

</Directory>

# ¢ C:/django_project/radiometer/ Z 3% 1 % §f B+3- F AL E Ik SAR
AP B FUBEIEP P ER Bt e PR KT

51 ssrphRfpsiigr L p

FAp g windows Jk sLeni AR AR N At E % e 2365 A B4 # T
gkip PRt AR5 > H K T Aol 5.1 #f w0 AP - UpdateTnd.py #%
F4r o~ mpefg #rafhd 4 ® o B 5L HWEI Fa R T AT
4v »  c:\Python27\python.exe UpdateTnd.py - n 1000 -m 5 -5
2011-04-10 = # > c:\Python27\python.exe % python #%3%#4 {7 #4471 &
=% > UpdateTnd.py 5 £ #7 Tnd & python 4% » # {8 S8c% 3 p &K

oV A~ N BRI PR G 6000 ek
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% 6.1 KARO9I £ 97 17 p 3 25 p # 8 (PKGM)F] £~ (KDNM)
A (% * Saastamoinen #-3%)
DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
260 |-2951343.368|5049506.090 | 2535725.229 | 2608670.752 | 179111.771 | 42.669
261 |-2951343.365|5049506.087 | 2535725.224 | 2608670.749 | 179111.770 | 42.663
262 |-2951343.370|5049506.088 | 2535725.218 | 2608670.743 | 179111.774 | 42.664
263  |-2951343.370|5049506.088 | 2535725.223 | 2608670.747 | 179111.774 | 42.666
264 |-2951343.366 | 5049506.085 | 2535725.222 | 2608670.748 | 179111.772 | 42.661
265 |-2951343.362|5049506.080 | 2535725.217 | 2608670.746 | 179111.771 | 42.653
266 |-2951343.363|5049506.083 | 2535725.223 | 2608670.750 | 179111.770 | 42.658
267 |-2951343.355|5049506.062 | 2535725.211 | 2608670.748 | 179111.774 | 42.633
Mean(m) |-2951343.365 | 5049506.083 | 2535725.221 | 2608670.748 | 179111.772 | 42.658
STD(mm) 5.0 9.0 5.4 2.9 1.7 11.1

%062 KAR99E 9 17 p F] 25 p A (PKGM)F] £~ (KDNM)

AH(% 7 Niell 5555 + f5 543+ pLip))

DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
260 |-2951343.393|5049506.092 | 2535725.156 | 2608670.680 | 179111.791 | 42.653
261 |-2951343.390|5049506.097 | 2535725.168 | 2608670.690 | 179111.786 | 42.660
262 |-2951343.402| 5049506.112 | 2535725.180 | 2608670.693 | 179111.789 | 42.682
263  |-2951343.391|5049506.084 | 2535725.145 | 2608670.673 | 179111.794 | 42.641
264  |-2951343.388|5049506.081 | 2535725.136 | 2608670.666 | 179111.793 | 42.633
265 |-2951343.383|5049506.078 | 2535725.142 | 2608670.674 | 179111.790 | 42.631
266 |-2951343.390|5049506.087 | 2535725.146 | 2608670.673 | 179111.791 | 42.643
267 |-2951343.371|5049506.055 | 2535725.137 | 2608670.679 | 179111.791 | 42.605
Mean(m) [-2951343.389| 5049506.086 | 2535725.151 | 2608670.678 | 179111.791 | 42.644
STD(mm) 8.8 16.7 15.7 9.0 2.3 22.5




% 63 % 3 RN E A B(PKGM)T R (KDNM)A SR 7 b = i

g X (H =:mm)

Model North East Height 3D
Saastamoinen| 2.9 1.7 11.1 11.6
Hopfield 3.1 2.2 10.9 11.5
Niell 2.1 1.9 10.0 10.4
Niel+MET 2.1 1.9 10.1 10.5
Niell+WVR 9.0 2.3 22.5 24.4
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% 6.4 AR 99 &

11" 4p 5 9p % B2 (TMAM)F| £~ (KDNM) &

(i * Hopfield #-5%)
DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
308 |-3034564.840| 5048871.118 | 2437550.697 | 2501771.776 |250768.808 |58.679
309 |-3034564.845| 5048871.121 | 2437550.698 | 2501771.775 |250768.810 |58.684
310 |-3034564.842| 5048871.117 | 2437550.699 | 2501771.778 |250768.810 |58.680
311 |-3034564.842 | 5048871.114 | 2437550.702 | 2501771.782 | 250768.811 |58.679
312 |-3034564.845| 5048871.119 | 2437550.698 | 2501771.776 | 250768.811 |58.683
313 |-3034564.846 | 5048871.125 | 2437550.699 | 2501771.775 |250768.809 |58.688
Mean(m) | -3034564.843 | 5048871.119 | 2437550.699 | 2501771.777 |250768.810 |58.682
STD(mm) 2.4 3.9 1.6 2.6 1.4 3.7

% 65 A9 # 117 4p

P19 p % B2 (TMAM)F] 127 (KDNM)

As( " Niell #:+WVR)
DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
308 |-3034564.834 | 5048871.125 | 2437550.668 | 2501771.748 | 250768.799 |58.671
309 |-3034564.837 | 5048871.126 | 2437550.668 | 2501771.748 | 250768.801 |58.673
310 |-3034564.834 | 5048871.124 | 2437550.668 | 2501771.749 | 250768.799 |58.670
311 [-3034564.834 | 5048871.116 | 2437550.673 | 2501771.756 | 250768.804 |58.665
312 |-3034564.836 | 5048871.123 | 2437550.665 | 2501771.746 | 250768.802 |58.669
313 |-3034564.840 | 5048871.129 | 2437550.672 | 2501771.750 | 250768.802 |58.678
Mean(m) | -3034564.836 | 5048871.124 | 2437550.669 | 2501771.749 | 250768.801 |58.671
STD(mm) 2.3 4.5 2.9 3.5 1.7 4.3

%

6.6 & * 4 I H5N 3 E 4 B2 (TMAM)F] 2 (KDNM) i 3 4

e ek % X (B 2 mm)

North East Height 3D

Saastamoinen| 3.1 1.0 3.0 4.4
Hopfield 2.6 1.4 3.7 4.7
Niell 3.2 1.2 3.6 5.0
Niell+MET 3.0 1.1 3.8 5.0
Niell+WVR 35 1.7 4.3 5.8
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1~

A Niell #5%)

4 67 A WO9E 11 13p F17P 54 & % (CKOLI| R~ (KDNM)

DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
317 |-2956618.825|5075902.253 | 2476625.689 | 2544368.813 | 170038.598 | 59.521
318 |-2956618.820|5075902.251 | 2476625.695 | 2544368.820 | 170038.594 | 59.519
319 |-2956618.833|5075902.249 | 2476625.688 | 2544368.812 | 170038.607 | 59.521
320 |-2956618.826|5075902.257 | 2476625.690 | 2544368.812 | 170038.596 | 59.525
321 |-2956618.827|5075902.258 | 2476625.693 | 2544368.814 | 170038.597 | 59.527
Mean(m) |-2956618.826| 5075902.254 | 2476625.691 | 2544368.814 | 170038.598 | 59.523
STD(mm) 4.7 3.8 2.9 3.4 4.7 3.3

% 68 WE99#£ 11 13p 170 53 % + (CKOL)F| 12~ (KDNM)

A%+ Niell #5%+WVR)

DOY X(m) Y(m) Z(m) N(m) E(m) h(m)
317 |-2956618.839|5075902.255 | 2476625.667 | 2544368.789 | 170038.609 | 59.520
318 |-2956618.836|5075902.253 | 2476625.672 | 2544368.795 | 170038.607 | 59.519
319 |-2956618.850| 5075902.252 | 2476625.666 | 2544368.787 | 170038.620 | 59.523
320 |-2956618.841|5075902.259 | 2476625.668 | 2544368.788 | 170038.608 | 59.525
321 |-2956618.842|5075902.261 | 2476625.671 | 2544368.790 | 170038.608 | 59.528
Mean(m) |-2956618.842| 5075902.256 | 2476625.669 | 2544368.790 | 170038.610 | 59.523
STD(mm) 5.3 3.7 2.7 3.1 5.2 3.5

%

6.9 i * 7 RNt

-t

F I 2 e X (H = mm)

North East Height 3D

Saastamoinen| 3.3 4.9 3.0 6.6
Hopfield 3.7 5.0 3.1 6.9
Niell 3.4 4.7 3.3 6.7
Niell+MET 35 4.8 35 6.9
Niell+WVR 3.1 5.2 35 7.0
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The Tnd difference at 22.235 Ghz
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fitghe- AT P B R AR

import sys,csv,datetime,os
import numpy as np

def calcTndO(Flist):
Tnd =[]
Dt=1]
Tnd_old =]
Frg=1]
for i in range(5):
Tnd.append([])
for filename in Flist:
fi = open(filename,'rb’)
TndReader = csv.reader(fi,dialect="excel")
try:
TndReader.next()
for row in range(5):
line = TndReader.next()
if not len(Frg)==5:
Frg.append(line[3])
Tnd_old.append(line[10])
TndReader.next()
for line in TndReader:
for i in range(5):
Tnd[i].append(line[4+2*i])
except csv.Error,e:
print ‘file %s, line %d: %s' % (filename, TndReader.line_num, e)
fi.close()
tr = len(Tnd[1])
Tnd = np.array(Tnd,dtype=float)
Tnd_old = np.array(Tnd_old,dtype=float)
Tnd_new=np.average(Tnd,axis=1)
Tnd_std = np.std(Tnd,axis=1)
Tndl_new = Tnd_new
Tndl_std = Tnd_std
Tnd2_new = Tnd_new
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Tnd2_std = Tnd_std
for i in range(5):
cond = abs(Tnd[i,:]-Tnd_new[i]) < 3.0*Tnd_std[i]+0.0001
Tnd1 = Tnd[i,cond]
Tnd1_new[i]=np.average(Tndl)
Tnd1_std[i] = np.std(Tnd1)
cond = abs(Tnd[i,:]-Tnd1_new][i]) < 1.5*Tnd1_std[i]+0.0001
Tnd2 = Tnd[i,cond]
Tnd2_new[i]=np.average(Tnd2)
Tnd2_std[i] = np.std(Tnd2)
return Tnd2_new,Tnd2_std, Tnd_old-Tnd2_new,tr

def updateTndRecord(Tnd, Tnd_std,DTnd,tr,days,ds,path):
fn = ds[0:4]+'_TndRecord.csv'
TR = open(os.path.join(path,fn),'ab+")
TRwriter = csv.writer(TR,dialect="excel’)

LN=0

for line in TR:
LN=LN+1

if LN ==0:

TRwriter.writerow(["Record","Date","Tnd_1","Tnd_2','Tnd_3'\
"Tnd_4',"Tnd_5','Std_1','Std_2','Std_3')\
'Std_4','Std_5''DTnd_1''DTnd_2','DTnd_3'\
'DTnd_4''DTnd_5','Total Records',"Total Days'])

LN=1

line = ["%3d" %LN,ds,"%7.3f" %Tnd[0],"%7.3f" %Tnd[1],"%7.3f" %Tnd[2],\
"%7.3f" %Tnd[3],"%7.3f" %Tnd[4],"%7.3f" %Tnd_std[0],\
"%7.3f" %Tnd_std[1],"%7.3f" %Tnd_std[2],"%7.3f" %Tnd_std[3],\
"%7.3f" %Tnd_std[4],"%7.3f" %DTnd[0],"%7.3f" %DTnd[1],\
"%7.3f" %DTnd[2],"%7.3f" %DTnd[3],"%7.3f" %DTnd[4],"%4d" %tr,\
"062d" %days]

TRwriter.writerow(line)

TR.close()

def parseArgv(argv):
ds = datetime.date.today().isoformat()
start_ds = datetime.date(1999,1,1).isoformat()
path = os.path.abspath(")
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min_number = 600
min_days = 3
arg_old = argv[0]
for arg in argv:
if arg_old =="-t"
ds = arg
elif arg_old =="-p"
path = arg
elifarg_old =="-n".
min_number = int(arg)
elifarg_old =="-m".
min_days = int(arg)
elif arg_old =="-s".
start_ds = arg
arg_old = arg
return ds,start_ds,min_number,min_days,path
def calcTnd(ds,start_ds,min_number,min_days,path):
new_date = datetime.datetime.strptime(ds, "%Y-%m-%d").date()+\
datetime.timedelta(days=1)
start_date = datetime.datetime.strptime(start_ds,"%Y-%m-%d").date()
tr=0; idays = 0; Flist =[]
while tr < min_number or idays < min_days:
new_date = new_date-datetime.timedelta(days=1)
nds = new_date.isoformat()
if new_date >= start_date:
for root,dirs,files in os.walk(path):
for fin files:
if nds in f and 'tip.csv' in f:
Flist.append(os.path.join(root,f))
idays = idays+1
tnd_new,tnd_std,Dtnd,tr = calcTndO(Flist)
else:
break
updateTndRecord(tnd_new,tnd_std,Dtnd,tr,idays,ds,path)
return tnd_new,tnd_std,Dtnd,tr,idays

def updateMPcfg(Tnd,path):
Snd =]
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for i in range(5):
Snd.append('{0:7.3f}".format(Tnd[i]))
cfg = open(os.path.join(path,'mp.cfg’),'r+')
for i in range(33):
cfg.readline()
seekl = cfg.tell()
t1=1]
for i in range(5):
t = cfg.readline()
t1.append(t.replace(t[115:],Snd[i]+'\n"))
cfg.seek(seek1,0)
cfg.writelines(t1)
cfg.close()

if _name__ =="_ main__"
print sys.argv
ds,start_ds,min_number,min_days,path = parseArgv(sys.argv)
Tnd_new, Tnd_std,DTnd,tr,days = calcTnd(ds,start_ds,min_number,min_days,path)
print Tnd_new,Tnd_std,DTnd,tr,days
updateMPcfg(Tnd_new,path)
# date = datetime.date(E<E 99,6,3)
# date_list =]
# for i in range(27):
# date_list.append((date+datetime.timedelta(days=i)).isoformat())
# print date_list
# for date in date_list:
# argv = [-t',date,"-p','c:\\mp1513\\,"-n’,'500]
# ds,min_number,path = parseArgv(argv)
# Tnd_new,Tnd_std,DTnd,tr,days = calcTnd(ds,min_number,path)
# print date, Tnd_new,Tnd_std,DTnd,tr,days
# updateMPcfg(Tnd_new,path)
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TR S R e XY - L

import os,csv,datetime

import numpy as np

import math

os.environ[ DJANGO_SETTINGS_MODULE'] = "radiometer.settings"
from django.conf import settings

from radiometer.obsdata.models import *

import radiometer

class Tnd:
@staticmethod
def calcTnd(Flist):
Tnd=T]
Dt=1]
Tnd_old =]
Fra=1]
for i in range(5):
Tnd.append([])
for filename in Flist:
fi = open(filename,'rb")
TndReader = csv.reader(fi,dialect="excel")
try:
TndReader.next()
for row in range(5):
line = TndReader.next()
if not len(Frg)==5:
Frg.append(line[3])
Tnd_old.append(line[10])

TndReader.next()
for line in TndReader:
# print line[0],line[1],line[2],filename
# Dt.append(datetime.datetime.strptime(line[1],'%m/%d/%Y %H:%M:%S"))

for i in range(5):
Tnd[i].append(line[4+2*i])
except csv.Error,e:

print 'file %s, line %d: %s' % (filename, TndReader.line_num, €)
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fi.close()
tr = len(Tnd[1])
Tnd = np.array(Tnd,dtype=float)
Tnd_old = np.array(Tnd_old,dtype=float)
Tnd_new=np.average(Tnd,axis=1)
Tnd_std = np.std(Tnd,axis=1)
print Tnd_new,Tnd_std,Tnd_old-Tnd_new
Tnd1l new = Tnd_new
Tnd1_std = Tnd_std
Tnd2_new = Tnd_new
Tnd2_std = Tnd_std
for i in range(5):
cond = abs(Tnd[i,:]-Tnd_new[i]) < 3.0*Tnd_std[i]+0.0001
Tnd1 = Tnd[i,cond]
Tnd1_newl[i]=np.average(Tndl)
Tnd1_std[i] = np.std(Tnd1)
cond = abs(Tnd[i,:]-Tnd1_new[i]) < 1.5*Tnd1_std[i]+0.0001
Tnd2 = Tnd[i,cond]
Tnd2_newl[i]=np.average(Tnd2)
Tnd2_std[i] = np.std(Tnd2)
print Tnd2_new,Tnd2_std, Tnd_old-Tnd2_new,tr
return Tnd2_new,Tnd2_std, Tnd_old-Tnd2_new,tr
@staticmethod
def updateTndRecord(Tnd, Tnd_std,DTnd,tr,date,path,ret_name):
ds = date.isoformat()
fn = ds[0:4]+'_'+ret_name+'_TndRecord.csv'
TR = open(os.path.join(path,fn),'ab+")
TRwriter = csv.writer(TR,dialect="excel’)
LN=0
for linein TR:
LN=LN+1
if LN==0:
TRwriter.writerow(["Record","Date","Tnd_1","Tnd_2','Tnd_3'\
"Tnd_4'/Tnd_5','Std_1','Std_2",'Std_3'\
'Std_4','Std_5''DTnd_1''DTnd_2''DTnd_3'\
'DTnd_4''DTnd_5', Total Records')
LN=1
line = ["%3d" %LN,ds,"%7.3f" %Tnd[0],"%7.3f" %Tnd[1],"%7.3f" %Tnd[2],\
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"67.3f" %Tnd[3],"%7.3f" %Tnd[4],"%7.3f" %Tnd_std[0],\

"67.3" %Tnd_std[1],"%7.3f" %Tnd_std[2],"%7.3f" %Tnd_std[3],\
"67.3f" %Tnd_std[4],"%7.3f" %DTnd[0],"%7.3f" %DTnd[1],\
"%7.3f" %DTnd[2],"%7.3f" %DTnd[3],"%7.3f" %DTnd[4],"%4d" %tr]

TRwriter.writerow(line)

TR.close()

class LevelO:

def __init__ (self,infile,new_tnd = None):

try:

fi = open(infile,'rU")
IvOreader = csv.reader(fi,dialect="excel")
while True:

row = IvOreader.next()

if "MP1600" in row[3]:

rlineno = IvOreader.line_num
break

for line in range(17):

IvOreader.next()
row = IvOreader.next()
self.rain_sensor = float(row[3][0:3])
for line in range(10):

IvOreader.next()
coef = [IvOreader.next()[3:13:1] for line in range(5)]
coef = np.array(coef,dtype=float)
self.frg,self.mrt,self.win_coef = coef(:,0],coef[:,1],coefl:,2]
self.alpha,self.dtdg,self.k1 = coef[:,3],coef[:,4],coef[:,5]
self.k2,self.k3,self.k4,self.tnd = coef]:,6],coef[:,7],coef[:,8],coef[:,9]
for line in range(8):

IvOreader.next()
self.cO = float(IvOreader.next()[3][0:9])
self.cl = float(IvOreader.next()[3][0:9])
self.tamb_c = float(lvOreader.next()[3][0:9])
self.rh_c = float(lvOreader.next()[3][0:9])
self.tkbb_c = float(lvOreader.next()[3][0:9])
indx =['11','21','41''81"]
self.data =[]

for line in IvOreader:
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try:
if len(line)>3 and line[2] in indx:
self.data.append(line)
except csv.Error,e:
print file %s, line %d: %s' % (infile, IvOreader.line_num, e)
# self.data = [line for line in IvOreader if len(line)>3 and line[2] in indx ]
if np.all(new_tnd):
self.tnd = new_tnd
except csv.Error, e:
print file %s, line %d: %s' % (infile, IvOreader.line_num, €)
finally:

fi.close()

class Levell:
def __init__ (self,infile=None,IvO=None):
self.nfrg=5
if isinstance(lv0,Level0):
self.lv0_to_Iv1(lv0)
else:
self.lvireader(infile)

def Ivlreader(self,infile):

data =]
time =]
th=1]
try:

fi = open(infile,'rb")
Ivireader = csv.reader(fi,dialect="excel")

for line in Ivireader:

if line[2] =="11"
indx = [3,4,5,7,8,9,10,11,12,13,14]
try:
for i in indx:

line[i]=float(line[i])
time.append(datetime.datetime.strptime(line[1], "%m/%d/%y
%H:%M:%S"))

data.extend([line[2]])
data.extend(['0','0'])
data.extend(line[3:10:1])
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th.extend(line[10:15:1])
except ValueError,e:
print ‘file %s, line %d: %s' % (fi, lvlreader.line_num, €)
elif line[2] == '81"
indx =[5,6,7,9,10,11,12,13,14,15,16]
try:
for i in indx:
line[i]=float(line[i])
time.append(datetime.datetime.strptime(line[1], "%m/%d/%y
%H:%M:%S"))
data.extend(line[2:12:1])
th.extend(line[12:17:1])
except ValueError,e:
print file %s, line %d: %s' % (fi, Ivlireader.line_num, e)
except csv.Error, e:
print file %s, line %d: %s' % (infile, Ivlreader.line_num, €)
self.len = len(time)
self.id = data[0::10]
self.ids = data[1::10]
self.snr = data[2::10]
self.tamb = np.array(data[3::10],dtype=float)
self.rh = np.array(data[4::10],dtype=float)
self.pres = np.array(data[5::10],dtype=float)
self.rain = data[6::10]
self.az = np.array(data[7::10],dtype=float)
self.el = np.array(data[8::10],dtype=float)
self.tkbb = np.array(data[9::10],dtype=float)
self.tb = np.array(tb,dtype=float).reshape(self.len,self.nfrq)

self.time = time

def Iv0_to_Iv1(self,Iv0):
Tnd = Iv0.tnd
Vbb = np.zeros(self.nfrq)
Vbb_nd = np.zeros(self.nfrq)
Vsky = np.zeros(self.nfrg)
Vsky_nd = np.zeros(self.nfrq)
Tsky = np.zeros(self.nfrg)

time =]
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data =]
tb=]
try:
for line in Iv0.data:
indx = int(line[2])
if indx == 21:
Vtkbb = float(line[3])
Tkbb = Vtkbb/0.0249 + Iv0.tkbb_c
for j in range(self.nfrq):
Vbbl[j],Vbb_nd[jl=float(line[2*j+4]),float(line[2*j+5])
elif indx == 41:
Vtamb,Vrh,Vpres = float(line[3]),float(line[4]),float(line[5])
Vtir,Vrain = float(line[6]),float(line[7])
elif indx in [11,81]:
if indx == 81:
i=5
ID = ling[3]
SNR = line[4]
else:
i=3
ID="0
SNR="0'
Az El = float(line[i]), float(line[i+1])
for j in range(self.nfrq):
Vsky[j],Vsky_nd[j] = float(line[i+2*j+2]),float(line[i+2*j+3])
for j in range(self.nfrq):
alp = 1.0/Iv0.alpha[j]
TC = Iv0.k1[j] + Iv0.k2[j]1*Tkbb + Iv0.k3[j]*Tkbb**2 + \
Iv0.kA[j]* Tkbb**3
gain_bb = ((Vbb_nd[j]**alp-Vbb[j]**alp)/(Tnd[j]+TC))**Iv0.alpha[j]
Trev_bb = (Vbbl[j]/gain_bb)**alp - Tkbb
gain_sky = ((Vsky_nd[j]**alp-Vsky[j]**alp)/(Tnd[j]+ TC))**Iv0.alphal[j]
Trev_sky = Trev_bb + Iv0.dtdg[j]*(gain_sky-gain_bb)
Tsky[j] = (Vsky[j]l/gain_sky)**alp - Trcv_sky
tamb = Vtamb*100.0 - 40.0 + 273.15
pres = Vpres*Iv0.cl + Iv0.cO
rh = Vrh*100
if Vrain > 0.6:
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Lrain ="Y"
else:

Lrain ='N'
time.append(datetime.datetime.strptime(line[1], "%m/%d/%Y %H:%M:%S"))
data.append([line[2],ID,SNR,tamb, rh,pres,Lrain,\

Az El,Tkhb])
tb.append([Tsky[0], Tsky[1], Tsky[2], Tsky[3], Tsky[4]])
self.len = len(time)
self.id = [item[0] for item in data]
self.ids = [item[1] for item in data]
self.snr = [item[2] for item in data]
self.tamb = np.array([item[3] for item in data],dtype=float)
self.rh = np.array([item[4] for item in data],dtype=float)
self.pres = np.array([item[5] for item in data],dtype=float)
self.rain = [item[6] for item in data]
self.az =np.array([item[7] for item in data],dtype=float)
self.el = np.array([item[8] for item in data],dtype=float)
self.tkbb = np.array([item[9] for item in data],dtype=Ffloat)
self.tb = np.array(tb,dtype=float)
self.time = time
except (ValueError,ZeroDivisionError,IndexError),e:
print 'line %s : %s' % (line, €)
def save_to_file(self,filename):
flvla = open(filename,'wb+")
flvlaWriter = csv.writer(flvla,dialect="excel’)
flvlaWriter.writerow(['Record","Date/Time","10","Tamb(K)","Rh(%)", \
"Pres(mb)","Rain","Az(deg)","El(deg)","TkBB(K)", \

flvlaWriter.writerow(["'Record","Date/Time","80","ID","SNR","Tamb(K)","Rh(%)", \
"Pres(mb)”,"Rain","Az(deg)","El(deg)","TkBB(K)", \

for i in range(self.len):
dt = self.time[i].strftime("%m/%d/%y %H:%M:%S")
if self.id[i] =="11"
line = ["%6d" %(i+1),dt,self.id[i],\
"%66.2f" Yself.tambl[i],"%6.2f" %self.rh[i], \
"%66.1f" Y%self.presi],self.rain[i],\
"066.2f" Y%self.az[i],"%6.2f" %self.el[i],\
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"006.2f" %self.tkbbli], "%6.2f" %self.tb[i,0],\
"006.2f" %self.tb[i,1],"%6.2f" %self.th[i,2],\
"006.2f" %self.tb[i,3],"%6.2f" %self.tb[i,4],""]
elif self.id[i] == '81"
line = ["%6d" %(i+1),dt,self.id[i],self.ids[i],self.snr[i],\
"%6.2f" Y%self.tamb[i],"%6.2f" %self.rh[i], \
"%6.1f" %self.presli],self.rain[i],\
"%6.2f" %self.az[i],"%6.2f" %self.el[i],\
"%6.2f" %self.tkbb[i], "%6.2f" Y%self.tb[i,0],\
"%6.2f" %self.tb[i,1],"%6.2f" %self.tb[i,2],\
"%6.2f" %self.tb[i,3],"%6.2f" %self.tb[i,4],""]
flvlaWriter.writerow(line)

flvla.close()

class Level2:
def __init__ (self,infile=None,Ilv1=None,ret_coef= None):
self.height = [i*0.1 for i in range(10)]
self.height.extend([i*0.25+1 for i in range(37)])
if isinstance(lvl,Levell) and isinstance(ret_coef,RetCoef):
self.lvl_to_Iv2(Ivl,ret_coef)
else:
self.lv2reader(infile)
def Ivl_to_Iv2(self,Ivl,ret_coef):
indx = [i for item in self.height
for i in range(ret_coef.height.shape[0])
if abs(ret_coef.height[i]-item) < 0.00001]
# vd_coef = ret_coef.vd[indx][:]
y = 373.16/lvl.tamb
ex= (-7.90298*(y-1.0)+5.02808*np.log10(y)-
(1.3816e-7)*(10**(11.344*(1.0-(1.0/y)))-1.0)+
(8.1328e-3)*(10**(-3.49149*(y-1.0)-1.0))+
math.log10(1013.246))
es = 10**ex
e_srf=lvl.rh*es/100
vd_srf=0.7223*e_srf*(300.0/lv1.tamb)

t_srf = Ivl.tamb; rh_srf = Iv1l.rh; p_srf = Ivl.pres
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nsm = lv1.len; nfrq = lvl.nfrg; nh = len(self.height)
th=Ivl.th
ex =np.c_[np.ones(nsm),t_srf,rh_srf,p_srf]
tmr = np.zeros((nsm,nfrq))
for n in range(nfrq):
tmr[:,n] = np.dot(ex,ret_coef.tmr[n,:])
ex = np.c_[np.ones(nsm),((p_srf-e_srf))**2/t_srf]
tau_dry = np.zeros((nsm,nfrq))
for n in range(nfrq):
tau_dry[:,n] = np.dot(ex,ret_coef.tau_dry[n,:])
tau = np.zeros((nsm,nfrq))
for n in range(nfrq):
tau[:,n] = np.log((tmr[:,n]-2.73)/(tmr[:,n]-tb[:,n]))
tauz = np.zeros((nsm,nfrq))
for n in range(nfrq):
tauz[:,n] = tau[:,n]*np.sin(np.radians(lv1.el))
tauz_dry = np.zeros((nsm,nfrq))
for n in range(nfrq):
tauz_dry[:,n] = tau_dry[:,n]*np.sin(np.radians(lv1.el))
tbz = np.zeros((nsm,nfrq))
for n in range(nfrq):
tbz[:,n] = 2.73*np.exp(-tauz[:,n])+tmr[:,n]*(1.0-np.exp(-tauz[:,n]))
ex = np.c_[np.ones(nsm),p_srf,p_srf*e_srf,e_srf**2]
11 = np.dot(ex,ret_coef.11)
12 = np.dot(ex,ret_coef.12)
ex = np.c_[np.ones(nsm),p_srf,t_srft srf**2.e srfe srf**2]
vl = np.dot(ex,ret_coef.v1)
v2 = np.dot(ex,ret_coef.v2)
self.Vint = (tau[:,2]-tau_dry[:,2])*v1 + (tau[:,4]-tau_dry[:,4])*v2
self.Lint = (tau[:,2]-tau_dry[:,2])*I1 + (tau[:,4]-tau_dry[:,4])*12
np.where(self.Lint > 0.0,self.Lint,0.0)
self.ZVint = (tauz[:,2]-tauz_dry[:,2])*v1 + (tauz[:,4]-tauz_dry[:,4])*v2
self.ZLint = (tauz[:,2]-tauz_dry[:,2])*I1 + (tauz[:,4]-tauz_dry[:,4])*12
np.where(self.ZLint > 0.0,self.ZLint,0.0)
self.Vint = self.Vint/10 ; self.ZVint = self.ZVint/10
ex =np.c_[np.ones(nsm),t_srf,e_srf,p_srf]
twm = np.dot(ex,ret_coef.twm)
Rv =461.51
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big_phi = 10**5/Rv/(3.7*10**5/twm+22.1)
self. WD = self.Vint/big_phi
self.ZWD = self.ZVint/big_phi
self.LWD = self.Lint/big_phi/10
self.ZLWD = self.ZLint/big_phi/10
self.vd = np.zeros((nsm,nh))
ex = np.c_[np.ones(nsm),tbz,vd_srf]
for n in range(len(self.height)):
self.vd[:,n] = np.dot(ex,ret_coef.vd[indx[n],:])
self.time = lvl.time
self.len = len(self.time)
self.id = [item if item =='81" else '12' for item in Iv1.id]
self.ids = Ivl.ids
self.snr = Ivl.snr
self.az = Ivl.az
self.el = Ivl.el
self.tamb = Iv1l.tamb
self.rh = Ivl.rh
self.pres = Iv1.pres
self.rain = Ivl.rain
def Iv2reader(self,infile):
time,data,vd = [1,[].[]
try:
fi = open(infile,'rb")
Iv2reader = csv.reader(fi,dialect="excel’)
for line in Iv2reader:
if line[2] =="12"
try:
for i in range(3,len(line)):
ifi isnot 6:
line[i]=float(line[i])
time.append(datetime.datetime.strptime(line[1], "%m/%d/%y
%H:%M:%S"))
data.extend([line[2]])
data.extend(['0,'0',90,901])
data.extend(line[3:8:1])
data.extend([0.0,0.0,0.0])
data.extend([line[8],0.0,0.0,0.0])
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vd.append(line[9::1])
except ValueError,e:

print ‘file %s, line %d: %s' % (infile, lvlreader.line_num, e)

elif line[2] == '81"
try:
for i in range(5,len(line)):
if i isnot 10:

line[i]=float(line[i])
time.append(datetime.datetime.strptime(line[1], "%m/%d/%y
%H:%M:%S"))
data.extend(line[2:19:1])
vd.append(line[19::1])
except ValueError,e:
print file %s, line %d: %s' % (infile, Iv2reader.line_num, €)
except csv.Error, e:
print file %s, line %d: %s' % (infile, Iv2reader.line_num, €)
self.len = len(time)
self.time = time
self.id =data[0::17]
self.ids = data[1::17]
self.snr = data[2::17]
self.az = np.array(data[3::17],dtype=float)
self.el = np.array(data[4::17],dtype=float)
self.tamb = np.array(data[5::17],dtype=float)
self.rh = np.array(data[6::17],dtype=float)
self.pres = np.array(data[7::17],dtype=float)
self.rain = data[8::17]
self.Vint = np.array(data[9::17],dtype=float)
self.ZVint = np.array(data[10::17],dtype=float)
self. WD = np.array(data[11::17],dtype=float)
self.ZWD = np.array(data[12::17],dtype=float)
self.Lint = np.array(data[13::17],dtype=float)
self.ZLint = np.array(data[14::17],dtype=float)
self. LWD = np.array(data[15::17],dtype=float)
self.ZLWD = np.array(data[16::17],dtype=float)
self.vd = np.array(vd,dtype=float)
def save_to_file(self,filename):

flv2a = open(filename,' wb+")
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flv2aWriter = csv.writer(flv2a,dialect="excel’)
height_list=["%5.2f" %item for item in self.height]
line = ["Record","Date/Time","10","Tamb(K)","Rh(%)","Pres(mb)", \
"Rain","Vint(cm)","Lgint(mm)"]
line.extend(height_list)
flv2aWriter.writerow(line)
line = ["Record","Date/Time","80","ID","SNR","Az(deg)","El(deg)",
"Tamb(K)","Rh(%)","Pres(mb)","Rain","Vint(cm)","ZVint(cm)",
"VDly(cm)","ZVDly(cm)","Lgint(mm)","ZLgint(mm)","LgDly(cm)",
"ZLgDly(cm)"]
line.extend(height_list)
flv2aWriter.writerow(line)
for i in range(self.len):
dt = self.time[i].strftime("%m/%d/%y %H:%M:%S")
line = ["%6d" %(i+1),dt,self.id[i]]
srf_list = ["%6.2f" Y%self.tambli],"%6.2f" %self.rh[i],
"%6.1f" Y%self.pres]i],self.rain[i]]
vd_list = ["%5.2f" %item for item in self.vd[i,:]]
if self.id[i] =="12".
VL_list = ["%6.2f" %self.Vint[i],"%6.2f" %self.Lint[i]]
line.extend(srf_list)
line.extend(VL_list)
line.extend(vd_list)
elif self.id[i] =='81"
VL _list = ["%6.2f" %self.Vint[i],"%6.2f" %self.ZVint[i],
"%6.2f" %self.WD[i],"%6.2f" %self.ZWDIi],
"%6.2f" Yself.Lint[i],"%6.2f" Y%self.ZLint[i],
"%6.2f" %self.LWD[i],"%6.2f" %self.ZLWDIi]]
SAT _list = [self.ids[i],self.snr[i],
"%6.2f" Y%self.az[i],"%6.2f" %oself.el[i]]
line.extend(SAT _list)
line.extend(srf_list)
line.extend(VL_list)
line.extend(vd_list)
flv2aWriter.writerow(line)

flv2a.close()

class RetCoef:
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def __init__(self,infile):
self.extract_coef(infile)
def extract_coef(self,infile):
try:
fi = open(infile,'r’)
line_list = fi.readline().split()
self.nfrq = int(line_list[0])
self.nvd = int(line_list[1])
self.nh = int(line_list[2])

ti=10
tl = (self.nh+9)/10
height =[]

[height.extend(fi.readline().split()) for i in range(tl)]

self.height = np.array(height,dtype=float)

self.tmr = np.array([fi.readline().split() for i in range(5)],dtype=float)

self.tau_dry=np.array([fi.readline().split() for i in range(5)],dtype=float)

self.vl = np.array(fi.readline().split(),dtype=float)

self.v2 = np.array(fi.readline().split(),dtype=float)

self.11 = np.array(fi.readline().split(),dtype=float)

self.12 = np.array(fi.readline().split(),dtype=float)

self.twm = np.array(fi.readline().split(),dtype=float)

self.vd = np.array([fi.readline().split() for i in range(201)],dtype=float)
except IOError as e:

print 'Unable to open '+infile+'": %s\n' %e
finally:

fi.close()

def create_monthly_archives(fc_all,obs_all,ret,RadData_DIR):
file_types = ['Iv1','Iv2]
for fcin fc_all:
obsfr = obs_all.filter(obs__field_compaign=fc).\
filter(retrieval_method=ret)
start_date_list, end_date_list = [],[]
start_date = fc.start_date
end_date = fc.start_date
while not end_date == fc.end_date:
start_date_list.append(start_date)

days = calendar.monthrange(start_date.year,start_date.month)[1]
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last_day = datetime.date(start_date.year,start_date.month,days)
if last_day > fc.end_date:
end_date = fc.end_date
else:
end_date = last_day
end_date_list.append(end_date)
start_date = last_day+datetime.timedelta(days=1)
for start_date,end_date in zip(start_date_list,end_date_list):
start_time = datetime.datetime(start_date.year,\
start_date.month,\
start_date.day,\
0,0,0)
end_time = datetime.datetime(end_date.year,\
end_date.month,\
end_date.day,\
23,59,59)
obs = obsfr.filter(obs__obs time__gte=start_time).\
filter(obs__obs time__Ite=end _time)
if obs.count() > 0:
path = os.path.join(fc.radiometer.name,\
str(start_date.year),\
'MonthlyArchives')
dst_path = os.path.join(RadData_DIR,path)
print dst_path
if not os.path.exists(dst_path): os.makedirs(dst_path)
for ft in file_types:
obsf = obs.filter(data_type=ft)
filename = str(start_date.year)+'-'+\
"{0:0=2}".format(start_date.month)+'-'+\
"{0:0=2}".format(start_date.day)+'-'+\
"{0:0=2}".format(end_date.day)+'-'+\
fc.location+'-'+\
ret.name+'-'+ft+'.zip'
fullname = os.path.join(dst_path,filename)
print fullname
z = zipfile.ZipFile(fullname,mode="w',compression=zipfile.ZIP_DEFLATED)
for ob in obsf:

fname = os.path.join(RadData_DIR,ob.path,ob.name)
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z.write(fname,ob.name)
z.close()
ma,created = MonthlyArchives.objects.get_or_create(
start_date=start_date,
end_date = end_date,
field_compaign=fc,
retrieval_method=ret,
path=path,
name=filename,
data_type=ft)
print ma.path,ma.name,ma.field_compaign.id,\
ma.start_date,ma.end_date,ma.data_type
def updateDatabase(RadData_DIR,retrievalmethod):
ret_name = retrievalmethod.name
IvOdata = ObsData.objects. filter(data_type="Iv0").\
filter(retrieval_method__name = 'Radiometrics’)
for Iv0 in IvOdata:
Ivla_name = Iv0.name.replace('lv0',ret_name+'_Iv1’)
if 0s.path.exists(os.path.join(RadData_DIR,Iv0.path,Ivia_name)):
Ivl,created = ObsData.objects.get_or_create(
path=Iv0.path,
name=Ilvla_name,
obs=Iv0.0bs,
retrieval_method=retrievalmethod,
data_type ="'lvl’)
print Iv1.path,lvl.name,lvl.retrieval_method
Iv2a_name = Iv0.name.replace('lv0',ret_name+'_Iv2")
if 0s.path.exists(os.path.join(RadData_DIR,Iv0.path,Iv2a_name)):
Iv2,created = ObsData.objects.get_or_create(
path=Iv0.path,
name=Ilv2a_name,
obs=Iv0.0bs,
retrieval_method=retrievalmethod,
data_type = 'Iv2")
print Iv2.path,lv2.name,Iv2.retrieval_method
def processingRadData(RadData_dir,retrievalmethod):
ret_name = retrievalmethod.name

print ret_name
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coef = RetCoef(retrievalmethod.coef_data.path)
file_type = 'csv'
fcs = FieldCompaign.objects.all() #.filter(location="Kenting")
for fc in fcs:
print fc.location,fc.start_date,fc.end_date
IvOdata = ObsData.objects. filter(data_type="v0").\
filter(obs__field_compaign=fc).\
order_by('obs__obs_time")
tipdata = ObsData.objects.filter(data_type="tip").\
filter(obs__field_compaign=fc).\

order_by('obs__obs_time")

old_date = datetime.date(2005,1,1)
tnd_path = os.path.join(RadData_dir,fc.radiometer.name, TndRecord")

if not os.path.exists(tnd_path): os.makedirs(thd_path)

for IvO in IvOdata:
IvO_path = os.path.join(RadData_DIR,Iv0.path)
new_date = Iv0.obs.obs_time.date()
print IvO_path, new_date

if not new_date==old_date:

tr=0;i=0
while tr <500 0ri<2:
i=i+l

end_date = new_date+datetime.timedelta(days=i)
start_date = new_date-datetime.timedelta(days=i)
end_datetime = datetime.datetime.combine(end_date,datetime.time(23,59,59))
start_datetime = datetime.datetime.combine(start_date,datetime.time(0,0,0))
new_data = tipdata.filter(obs__obs_time__gte=start_datetime). \
filter(obs__obs time__Ite=end_datetime)
if new_data.count() > 0:
Flist=[os.path.join(RadData_dir,td.path,td.name) for td in new_data]
tnd_new,tnd_st,Dtnd,tr = Tnd.calcTnd(Flist)
Tnd.updateTndRecord(tnd_new,tnd_st,Dtnd,tr,new_date,tnd_path,ret_name)
IvOa = LevelO(os.path.join(Iv0_path,Iv0.name),tnd_new)
Ivla = Levell(lvO=Iv0a)
Ivla_filename = Iv0.name.replace('Iv0',ret_name+'_Iv1")

Ivlia.save_to_file(os.path.join(Iv0_path,lvia_filename))

152



Iv2a = Level2(lvl=Ivla,ret_coef=coef)
Iv2a_filename = Iv0.name.replace('lv0',ret_name+'_Iv2")
Iv2a.save_to_file(os.path.join(Iv0_path,Iv2a_filename))
else:
Iv0a = Level0(os.path.join(Iv0_path,Iv0.name),tnd_new)
Ivla = Level1(lv0=Iv0a)
Ivla_filename = Iv0.name.replace('lv0',ret_name+'_Iv1')
Ivla.save to_file(os.path.join(lv0_path,lvla_ filename))
Iv2a = Level2(lvl=Ivla,ret_coef=coef)
Iv2a_filename = Iv0.name.replace('Iv0',ret_name+'_Iv2")
Iv2a.save_to_file(os.path.join(lv0_path,lv2a_filename))
old_date = new_date
if _name__ =="_main__"
os.environ[ DJANGO_SETTINGS_MODULE'] = "radiometer.settings"
from django.conf import settings
from radiometer.obsdata.models import *
import radiometer
RadData_DIR = radiometer.settings.RadData_DIR
om,created = RetrievalMethod.objects.get_or_create(name="HRSL20110327")

print RadData_DIR

processingRadData(RadData_DIR,om)

updateDatabase(RadData_DIR,om)
fc_all = FieldCompaign.objects.all()
obd_all = ObsData.objects.all()

create_monthly_archives(fc_all,obd_all,om,RadData_DIR)
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correct the zenith total delay in the estimation. The corrected zenith total delay derived from
parameter estimation approach for short baselines demonstrates the phenomenon of large
vibration. For the water vapor radiometer corrections, the clear sky is needed to assist with GPS
campaign. For a case of 29 km baseline with 37 m difference in GPS heights, the water vapor
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Introduction

Global Positioning System (GPS) is one space-based geodetic technology and has
been successfully applied in many areas including plate boundary observatory
(PBO), surveying, geodesy, crust deformation, and earthquake monitoring, as well
as remote sensing of the atmospheric parameters (Liou and Huang 2000; Liou et
al. 2000, 2001).

Typical positioning precision achieved using the advanced GPS data analysis
algorithm is on the levels of 1-2 mm and 5-10 mm for horizontal and vertical
components, respectively (Johansson et al. 1998; Bock and Doerflinger 2000).
Due to the nature of the GPS satellite geometric distribution and the tropospheric
path delay, especially because of the water vapor (or wet path delay) (Davis et al.
1985; Herring 1986; Herring 1992; Dodson et al. 1996; Emardson and Jarlemark
1999; Solheim et al., 1999), two major causes are accountable for the low
precision in the height component (Johansson et al. 1998; Bock and Doerflinger
2000; Yeh et al. 2006).

Most GPS data analysis procedures utilize double differencing to eliminate the
clock error. Cycle slips must be detected and repaired prior to the computation of
final baseline solutions. Carrier phase ambiguities can then be eliminated by using
triple differenced phase observations or resolved by mathematical algorithm,
while the effect of ionospheric delay can be reduced by linear combinations of
carrier phase measurements, e.g. the lonosphere-Free (IF) combination (Leick,
2004; Xu 2007; Wang et al. 2009;Wen et al., 2010). However, the double-
differenced GPS observations are still contaminated by the tropospheric path
delay, which is associated with inhomogeneity and variability of water vapor. One
millimeter error in the zenith tropospheric delay may result in a bias of 2.6-6.5
mm in the height component at the cut-off angles of 5°-25° (Santerre 1991).

Two strategies are commonly used to resolve the effect of troposphere delay.
They are the parameter estimation and external correction approaches (Bock and

Doerflinger 2000). The parameter estimation approach requires the a priori values
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of the zenith total delay (ZTD) from the empirical meteorological models with
“standard (constant) atmospheric value” (SAV) (Tregoning and Herring 2006)
information or “surface meteorological measurements” (SMM) (Wang et al. 2008)
directly. After the a priori ZTD is used for the initial correction, the parameters
for the residual tropospheric delay along with other unknown parameters are then
estimated using the least-squares method. The a priori ZTD correction with the
SAV data is commonly used in GPS data analysis.

For the external correction approach, special instruments such as Water VVapor
Radiometer (WVR) and/or other general surface meteorological measurement
instruments (e.g. barometer, temperature and relative humidity sensors) at the
GPS stations can be employed to correct the tropospheric delay directly (Leick,
2004;). With the real surface meteorological measurements, i.e. the SMM data,
they are used as the input data into the empirical meteorological models, the ZTD
values in the GPS observations can then be obtained. (Ware et al., 1986, 1993;
Elgered et al. 1991; Glaus et al. 1995; Dodson et al. 1996; Alber et al. 1997;
Emardson and Jarlemark 1999; Wang et al. 2008).

In this paper, the results from both the external correction with WVR
measurements and the parameter estimation methods with the SAV data were

compared and analyzed.



Tropospheric Path Delay

Path Delay

The electromagnetic wave propagation within the atmosphere is continuously
refracted due to the changing refractivity of the air along the ray path. A ray path
can be bent and/or retarded which generates an excess path length with respect to
the propagation in vacuum. The excess path length from bending is generally
about one cm at an elevation angle of 15°, which is usually negligible (Ichikawa
1995). Excess path length as the result of signal retarding in the troposphere
(tropospheric path delay) is expressed as (Davis et al. 1985)

AL = [[n(s)-1]ds =107 | N(s)ds
[[ns)~1] [NE) 0
N =(-1x10°3nd n indicates the refractivity and index of refraction of the air at

a point S along the ray path, respectively.

In GPS applications, it is usually impractical to obtain high precision
meteorological measurements in the troposphere (Dach et al. 2007). Thus, most
GPS users use standard tropospheric models to obtain approximate tropospheric
delays using the SAV data at the user’s location. The empirical tropospheric
models usually model both hydrostatic and wet delays in zenith direction. The
path delay in a given direction is then calculated by using a mapping function (or
a tropospheric obliquity factor) below (Davis et al. 1985; Ghoddousi-Fard et al.
2009; Takeichi et al. 2010).

AI_ZAL:1 th(g)'f-AL\ZNXrT]W(E) (2)

AL is the total tropospheric delay at a given direction, whereas ALy and AL

represented the hydrostatic and wet delays at the zenith direction, respectively.

M () and ™) are the mapping functions for the two delay parts, respectively,

and ¢ isthe elevation angle.



AL

The zenith hydrostatic delay “~- is approximately 2.30—2.60 m at the sea level

and it represents over 90% of the ZTD. The zenith wet delay (ZWD) Ab.wvaries
roughly from 0 to 40 cm between the poles and the equator, and from a few
centimeters to about 20 cm during the year at mid-latitude area. One millimeter
error in the ZTD may lead to a bias of 2.6-6.5 mm in GPS height components,
depending mainly on the elevation cut-off angles (5°—25°) and the site latitudes
(Santerre 1991).

Radiometric Sensing of ZWD

In the study, the Radiometrics WVP-1500 Water Vapor Profiler was adopted for
measuring ZWD. We setup two sites for 7 baselines separately in Taiwan from the
winter of 2006 to the spring of 2007. The atmospheric environment is typically
wet and very dynamic. The YMSM GPS station was located at about 784 m
height. The others were at the ellipsoid heights under 91 m. The instrument
observed sky brightness temperatures at 22.235, 23.035, 23.835, 26.235, 30.000

GHz by using cut-off angle of 15°. The tipping curve measurements were used for

calibration (Elgered 1993).

Radiometric sensing of ZWD is based upon radiative transfer theory (Liou et al.
2000),

T, =Toe 7+ [T (DT, (e

3)

T, is the brightness temperature observed by radiometer (K), T is the cosmic

brightness temperature (K), 7(0.1) represents the optical depth between the WVR

and position ' , and ke is the extinction coefficient of the atmosphere (dB/km).

The water vapor, oxygen, and suspended water droplets are the major

contributions to © . Since the upper limit for cloud droplet radii in the earth’s
atmosphere is around 0.1 mm (Bean and Dutton 1968), absorption in liquid water
cloud regions would exceed scattering by at least two orders of magnitude
(Janssen 1993). It is well acceptable to ignore the scattering in (3).



Data Collection

This investigation focuses on the magnitude of the effects on the GPS height
components and the length of baseline when WVR measurements were used to
correct the ZTD in GPS observations.

The GPS data with a daily survey time of 24 hours were obtained from 8 GPS
stations operated by the Ministry of the Interior (MOI), Central Geological Survey
and Industrial Technology Research Institute (ITRI) in Taiwan from year 2006-
2007. The distribution of the GPS stations is showed in Fig. 1.

Fig. 1 The distribution of the GPS stations.

The seven baselines used for testing are located at two different GPS height
differences. The height differences of the baselines are on the ranges of about 4—
60 meters and 727—747 meters. These baselines are labeled as Groupl and
Group?2 respectively for convenience. The three baselines in Groupl (with smaller
height difference than that of Group2) consist of four GPS stations. The
coordinate of PKGM station was fixed in the three campaigns. The four baselines
in Group2 consist of five permanent GPS stations. The coordinate of YMSM
station was fixed in the four campaigns. Both GPS and WVR measurements were
collected synchronously for this research (Fig. 2). The detailed information on the

observations, such as the dates of collection is shown in Table 1.

The precise orbits (SP3 files) and Earth rotation parameters (ERP files) were
downloaded from the International GNSS Service (IGS) website
(http://igsch.jpl.nasa.gov/). The phase centre of GPS receiver antennas are
provided by the U.S. National Geodetic Survey (NGS) and IGS. According to
Santerre (1991), the effects of solid earth tide and ocean tide are a few centimeters
off, in which they were corrected by the solid earth tide models of McCarthy
(1996) and the GOTO00.2 (Scherneck 1991). The ocean tide model (GOT00.2) was
obtained from the Centre for Astrophysics and Space Science in Sweden
(http://www.0so.chalmers.se/~loading/).


http://www.itri.org.tw/
http://www.oso.chalmers.se/~loading/

Fig. 2 The site diagram for the GPS and WVR measurements are collected

synchronously.

Table 1 The list of lengths, GPS heights, and observation times for the baselines.



Methodology

The dedicated GPS data processing software package, Bernese V5.0, developed
by the Institute of Astronomy University of Berne, was used for the data analyses
of this research. The cut-off angle for observing the GPS satellites was set up to
15 degrees. The double-difference equations of L3 carrier phases and the
algorithm of quasi ionosphere-free for the ambiguity resolution were selected in
the data processing (Dach et al. 2007).

The structure and strategies for the aforementioned parameter estimation and
external correction approaches were presented in Fig. 3. In the parameter
estimation approach, 24 tropospheric parameters are selected using the
conventional method. For the calculation of the initial ZTD corrections,
Saastamoinen dry part with Dry Niell Mapping Function (Niell 1996) was
selected for the empirical model. In the external correction approach, WVR

observations were used to correct the ZTD effects directly.

Fig. 3 The structure and strategy for the ZTD corrections computation using both

parameter estimation and external correction approaches.



Results

The ZTD results of the short baselines in Fig. 4 and Fig. 5 derived from the
parameter estimation approach are unstable. But the parameter estimation
approach demonstrates good effects for the medial baselines in the Fig. 6.

However, the results from the external correction approach (the WVR results) are
quite different. In Fig. 4 and Fig. 5, the results at four stations: PKGM, YMSM,
SILO and TFAM are stable, although relatively large vibrations are found at
TKJS, GS25 and SLLO stations. In Fig. 6, the large variations from the WVR
results are also shown at two end points of YMSM-PKGM baseline and YMSM
station (Day of Year 352; DoY 352) of YMSM-KDNM baseline. Local weather
factor contributes to the bad performance at these stations where either shower
and/or heavy rain occurred during the period of observations. When a large
vibration occurs, the weather happens to be bad during the sessions of the WVR
data correction at these stations. To get good quality WVR measurements, a clear
sky is a critical requirement during the collection of the WVR measurements.

Fig. 4 The comparisons of the ZTD results at Group1GPS stations (Short

Baselines).

Fig. 5 The comparisons of the ZTD results at Group2 GPS stations (Short
Baselines).

Fig. 6 The comparisons of the ZTD results at Group2 GPS stations (Medial

Baselines).

Table 2 shows the results of all the estimated baselines in the two groups. For the
baselines of PKGM-SILO, YMSM-TFAM, YMSM-SLLO (DoY 320) and
YMSM-KDNM (DoY 351) (when weather was good), the RMS values from the
WV/R corrections are better than that of the parameter estimation approach. For
baselines of PKGM-SILO and YMSM-TFAM, the differences in the estimated

baseline lengths between the two sessions/dates from the WVR corrections
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(0.5mm and 0.7 mm) are significantly smaller than that of the parameter

estimation (3.1mm and 2.2 mm).

The RMS of the daily baseline estimation was improved under the good weather
condition when incorporating the WVR observations. The comparison of the
RMS of the baselines for the YMSM-TFAM cases, Groupl and the PKGM-SILO,
Group2 shows a significant improvement for the small height difference group as
addressed in Table 2. Not only the concentration was verified for the length of the
PKGM-SILO baseline, but also the RMS of the daily baseline solution was

improved from 1.1 mm to 0.4 mm and from 1.8 mm to 0.5 mm in two days.

Table 2 The comparisons of the baseline lengths using both parameter estimation
and external correction approaches.

The results of the GPS heights for all baselines in the two groups are shown in
Table 3. The RMS of the GPS heights from the WVR corrections for all baselines
(except for PKGM-TKJS and YMSM-PKGM) are significantly less than that from
the parameter estimation for the same baselines and in the same sessions. The
reason for the larger RMS from the WVR corrections for baselines PKGM-TKJS
and YMSM-PKGM is due to the poor quality WVR observations under

unfavoured weather conditions (raining); also see Fig. 4 and Fig. 6.

The main reason for the performance differences of the GPS heights between the
two approaches is that there is no correlation between the GPS heights and the
tropospheric parameters in the WVR corrections. Although the RMS of the daily
GPS height solution using WVR corrections is almost less than using the
parameter estimation approach, the results do not completely demonstrate the
positive effects of WVR corrections. For the GPS height of TKJS (Groupl) and
KDNM (Group2), there are large differences between two DoYs adopting WVR
correction at the same station in Table 3. However, the differences in the GPS
heights between the two DoYs from the WVR corrections for SILO and TFAM
stations (1.8 and 3.6 mm) are significantly smaller than corresponding differences
using the parameter estimation method (19.8 and 11.3 mm). The effects of the

WV/R correction on the GPS height estimates are at the centimeter level.
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The RMSs of the TFAM GPS heights, Groupl for the measurements in two days,
were improved from 4.7 mm to 1.3 mm and from 9.6 mm to 1.6 mm. For the
SILO station case, they were improved from 2.3 mm to 0.8 mm and from 3.8 mm
to 1.2 mm. The obvious advancement for the GPS height determination by
incorporating the WVR measurements was obtained under good weather
condition especially for the small height difference group.

Table 3 The comparisons of the GPS heights using both parameter estimation and

external correction approaches.
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Conclusions

Since the measurement accuracy is degraded when the liquid water is present on
the radiometer and there is heavy rainfall (lassamen, 2009), only WVR
measurements collected under good weather conditions were utilized. Under such
circumstance, significant improvements were obtained for the solutions of GPS
baselines and GPS heights. The RMSs of the daily GPS heights were improved
from 4.7 mm to 1.3 mm and from 9.6 mm to 1.6 mm for the 29 km baseline with
37 m difference of GPS height. The advancements from 1.1mm to 0.4 mm and
from 1.8 mm to 0.5 mm were attained for the daily baseline solution in two days.
Based on the studied cases of this paper, it is clear that quality control is crucial to
assure the advantage of incorporating the WVR correction in the high precision

GPS positioning determination.

The relative tropospheric errors cause the height bias in GPS observations,
whereas the absolute tropospheric errors cause the baseline bias in GPS
observations (Beutler et al. 1988). In this research, the parameter estimation and
the external correction approaches were investigated for the correction of the ZTD
for the GPS heights and baseline lengths.

Because of the high correlation between the GPS height and tropospheric
parameters, the corrected ZTD derived from parameter estimation approach from
short baselines demonstrated the phenomenon of large vibration. The situation is
improved with extended baseline lengths. For the WVR corrections, the clean sky

is needed to assist with the GPS campaign.

The results indicated that for the short length of baselines selected in the clean
sky, the WVR corrections are able to improve the precision of the estimated
baseline lengths by a few millimeters for short baselines. In addition, the results of
the GPS heights showed that the effects from WVR corrections are at the

centimeter level.
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Further work using a large amount of observations across a large range of network
is needed in the investigation, with the intention that more affirmative conclusions

can be obtained.
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Table 1 The list of lengths, GPS heights, and observation times for the baselines.

Properties J| Name of Baselines | Lengths of | Heights
Grou (date) Baselines of GPS
(km) stations
(m)
PKGM-TKJS
(DoY 73-74, 2007) 14 37,91
Short PKGM-SILO
Groupl | poselines || (Do 76-77, 2007) 29 37,51
PKGM-GS25
(DoY 80-81, 2007) 56 37,41
YMSM-TFAM
Short (DoY 328-329, 2006) 1 784,38
baselines YSAM-SLLO
Group2 (DoY 320-321, 2006) 28 784,57
P YSAM-PKGM 218 784, 37
Medial (DoY 218-219, 2006) !
baselines YSAM-KDNM
I (DoY 351-352, 2006) 365 784,53
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Table 2 The comparisons of the baseline lengths using both parameter estimation and external correction

approaches.
. Approach o External Correction
Baseline an Parameter Estimation )
. - (WVR Correction)
Observation session
Group |Name DoY Length of baseline (m)[RMS (mm)|Length of baseline (m)|RMS (mm)
PKGM-TKJS 73 (2007)|14743.9791 0.5 14743.9783 1.3
74 (2007)|14743.9800 0.6 14743.9769 1.2
Group 1|PKGM-SILO 76 (2007)]29202.2009 11 29202.2032 0.4
77 (2007)]29202.2040 1.8 29202.2027 0.5
PKGM-GS25 | 80 (2007)|56498.2835 0.5 56498.2856 0.7
81 (2007)|56498.2835 0.5 56498.2858 0.8
YMSM-TFAM |328 (2006)]11544.2600 0.5 11544.2586 0.3
Group 2 329 (2006)]11544.2622 0.9 11544.2593 0.4
YSAM-SLLO |[320 (2006)]28130.4216 0.5 28130.4194 0.4
321 (2006)]28130.4235 0.6 28130.4210 0.6
YMSM-PKGM | 218(2006){217757.1175 0.8 217757.1012 15
219(2006)|217757.1145 0.8 217757.1008 1.6
YMSM-KDNM)| 351(2006)|365244.8255 0.7 365244.8043 0.5
352(2006)|365244.8236 0.6 365244.7985 0.8
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Table 3 The comparisons of the GPS heights using both parameter estimation and external correction

approaches.
. Approach External Correction Difference
Baseline and Parameter Estimation _ between
. . (WVR Correction)
Observation session
two
Difference Difference approaches
Group |Name DoY GP_S RMS |between GF_’S RMS |between
height (m) |(mm) {two DoYs |height (m) |(mm) [two DoYs |(mm)
(mm) (mm)
TKJS 73 (2007)]41.6117 (2.3 415411 (3.4 -70.6
(PKGM-TKJS) | 74 (2007)]41.6132 |25 |-1.5 415369 (3.1 4.2 -76.3
Group 1|SILO 76 (2007)|57.2323 |4.7 57.2338 [1.3 1.5
(PKGM-SILO) 77 (2007)|57.2125 (9.6 |19.8 57.2320 |[1.6 1.8 195
GS25 80 (2007)[91.6679 [2.1 91.6192 |[1.8 -48.7
(PKGM-GS25) | 81 (2007)]91.6638 |2.2 |4.1 91.6172 |[1.9 2.0 -46.6
TFAM 328 (2006)]39.0275 (2.3 39.0142 |0.8 -13.3
Group 2|(YMSM-TFAM) (329 (2006)[39.0162 |3.8 |11.3 39.0178 [1.2 -3.6 1.6
SLLO 320 (2006)|57.2447 |2.3 57.2357 |1.2 -9.0
(YSAM-SLLO) |321(2006)|57.2511 |2.7 |-6.4 57.2345 |1.7 1.2 -16.6
PKGM 218(2006)|37.4884 |3.4 37.4948 (4.2 6.4
(YMSM-PKGM) | 219(2006)|37.4620 3.7 |26.4 37.4928 |4.0 2.0 30.8
KDNM 351(2006)|52.9267 |2.8 53.0308 [1.3 104.1
(YMSM-KDNM)| 352(2006)|52.9257 |2.7 |1.0 52.9978 |[2.1 33.0 72.1
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Fig. 1 Geographic distribution of the GPS stations.
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Fig. 2 Photos of the field sites for the GPS and WVR measurements in the PKGM
station (left panel) and YMSM (right panel) station.
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Strategies for the ZTD Correction
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Fig. 3 The structure and strategy for the ZTD corrections computation using both

parameter estimation and external correction approaches.
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Fig. 4 The comparisons of the ZTD results at Group1GPS stations (Short

Baselines).
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Fig. 5 The comparisons of the ZTD results at Group2 GPS stations (Short

Baselines).
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A study on the relationship between tropospheric delay and GPS post-kinematic
positioning
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Abstract

The positioning accuracy of the Global Positioning System (GPS) has been studied extensively and
used widely. It is still limited due to errors from sources such as the ionospheric effect, orbital
uncertainty, antenna phase center variation, signal multipath, and tropospheric disturbance. For GPS
static and kinematic positioning concerns, its accuracy has been significantly improved over the
past few years with the advanced technology. Since the typical practice of GPS positioning ignores
the natural inhomogeneity of atmospheric water vapor distribution, high precision positioning is
limited, especially in its vertical component. The first step to reduce, if not to eliminate, the
influence of the presence of tropospheric water, and thus delay, shall be understood and modeled.
The results demonstrate adding the tropospheric parameters unlimitedly in observing equation is
unnecessary. Furthermore, the tropospheric delay from the solution of the GPS network makes the
result better than that estimated by the PPP method. If the tropospheric delay from the GPS network
resolution is integrated for seeking the solution, using estimation method for tropospheric correction
decreases the precision.

Keywords : GPS, Tropospheric delay, GPS positioning
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— ~ Introduction

Global Positioning System (GPS) is a
space-based geodetic technique and has been
successfully applied in many fields including
plate boundary observatory (PBO), surveying,
geodesy, crust deformation, and earthquake
monitoring, as well as remote sensing of the
atmospheric parameters.

Typical positioning precision achieved by using
the advanced GPS data analysis algorithm is on
the levels of 1-2 mm and 5-10 mm for
horizontal and vertical components,
respectively [1][2]. Due to the nature of the
GPS satellite geometric distribution and the
tropospheric path delay, especially because of
the water vapor (or wet path delay) [2-8], two
major causes are accountable for the low
precision in the height component [1][2][9].

This investigation addresses the tropospheric
effect on GPS post-kinematic positioning
determination. The impact is quantitatively
examined by using data acquired from
permanent GPS stations along with different
tropospheric parameters. The post-kinematic
coordinates of the permanent GPS stations
were estimated by the precise point positioning
(PPP) method.

= ~ Tropospheric Path Delay

An electromagnetic wave propagating through
the atmosphere is continuously refracted due to
the varying index of refraction of the air along
the ray path. A ray path can either bend or
retard, both of which generate an excess path
length with respect to the propagation in
vacuum. The excess path length from bending
is generally about 1 cm at 15°, which is usually
negligible [10]. Excess path length as the result
of signal retarding in the troposphere
(tropospheric path delay) is expressed as [11]

AL = [[n(s)-1]ds =10° [ N(s)ds
1) 6
N=(-Dx10" and N indicate the refractivity

and index of refraction of the air at a point S
along the ray path, respectively.

FeB] ¢ ERARA 4 AL
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In GPS applications, it is usually unlikely to
obtain ~ high  precision  meteorological
measurements in the troposphere [12]. Thus,
most GPS users use standard tropospheric
models to obtain approximate tropospheric
delays using the SAV data at the user’s location.
The empirical tropospheric models usually
model both hydrostatic and wet delays in zenith
direction. The path delay in a given direction is
then calculated by using a mapping function (or

a tropospheric obliquity factor) below
[11][13][24].
ALzALf]xmh(g)+AL§vme(€) (2)

AL is the total tropospheric delay at a given

direction, whereas AL and AL represent the
hydrostatic and wet delays at the zenith

direction, respectively. m(&) and ™€) are
the mapping functions for the two delay parts,
respectively, and ¢ is the elevation angle.

The zenith hydrostatic delay (ZHD) ALy s
approximately 2.30-2.60 m at sea level, and
represents 90-100 % of the ZTD. The ZWD

AL, varies roughly as 0-40 cm between the
poles and the equator, and from few cm to
about 20 cm during the year at mid-latitudes.
The variation in ZTD must be accurately and
carefully monitored. The effect of a 1 mm error
in ZTD results in a bias of nearly 2.6-6.5 mm
in GPS station height, depending mainly on the
elevation cutoff angle (5°-25°) and the site
latitude [15].

= ~ Methodology

The dedicated GPS data processing software
package, Bernese V5.0, developed by the
Institute of Astronomy University of Berne,
was used for the data analyses of this research.
The double-difference equations of L3 carrier
phases and the algorithm of quasi
ionosphere-free for the ambiguity resolution
were selected in the data processing [12].

The GPS data with a daily survey time of 24
hours were obtained from 4 GPS tracking
stations (YMSM, KDNM, PKGM, and PULI)
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operated by the Ministry of the Interior (MOI)
in Taiwan on day-of-year (DOY) 215 in 2006.
The final precise ephemeris (SP3 file) and
Earth rotation parameters (ERP file) were
gathered from the IGS. The phase center of the
antenna was provided by the U.S. National
Geodetic Survey (NGS). As in Santerre [1991],
the effects of solid earth tide and ocean tide
were kept within few centimeters. In this study,
both types of tide have been corrected from the
solid earth tide [McCarthy, 1996] and the ocean
tide of the GOTO00.2 model [16]. The ocean tide
models were obtained from the website
http://www.0s0.chalmers.se/~loading/,
maintained by the Center for Astrophysics and
Space Science in Sweden.

Only smoothed code measurements were used
to get post-kinematic coordinates as a priori
coordinates. The residual of the measurements
was generated and screened by the software.
The zero difference method was applied
(including code and phase measurement) for
marketing identified outliers.
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7 ~ Result and Conclusions

The difference between the daily solution (fix
coordinate) and kinematic position in GPS
height for YMSM, KDNM, PKGM, and PULI
stations are shown in Fig 1(a), 1(b), 1(c), and
1(d). Table 1, Figure 2(a), and Figure 2(b) are
the results from a statistic method for the
analysis of the accuracy in vertical coordinate
for four stations individually.

The results demonstrate adding the
tropospheric  parameters  unlimitedly in
observing equation is unnecessary. Furthermore,
the tropospheric delay from the solution of the
GPS network makes the result better than that
estimated by PPP method. If the tropospheric
delay from the GPS network resolution is
integrated for seeking the solution, using an
estimation method for tropospheric correction
decreases the precision.


http://www.oso.chalmers.se/~loading/
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Figure 1(a). Comparison between the fix coordinates and the kinematic coordinates in GPS height
for YMSM station using different strategies (DoY 215, 2006)

KDNM station (58m)
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Figure 1(b). Comparison between the fix coordinate and the kinematic coordinate in GPS height for
KDNM station using different strategies (DoY215, 2006)
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PKGM station (42m)
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Figure 1(c). Comparison between the fix coordinate and the kinematic coordinate in GPS height for
PKGM station using different strategies (DoY215, 2006)

PULI station (583m)
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Figure 1(d). Comparison between the fix coordinate and the kinematic coordinate in GPS height for
PULLI station using different strategies (DoY215, 2006)

Table 1. Comparison of the accuracy in GPS height for four GPS stations using different strategies.

Troposph"e’r'iE"p'EFé'rﬁ‘éTa's-»'.....,,,,’og'ES station [YMSM PULI KDNM PKGM
(1).Estimate 144 Tropospheric Average (m) | -0.2428 -0.8331 -0.3040 -0.1082
Parameters

Std. (m) 0.1015 0.3078 0.1987  0.4013
(2).Estimate 48 Tropospheric Average (m) | -0.2401 -0.8251 -0.3024 -0.1322
Parameters

Std. (m) 0.0793 0.3314 0.0897 0.1048
(8).Estimate 24 Tropospheric Average (m) | -0.2389 -0.8027 -0.3035 -0.1293
Parameters

Std. (m) 0.0634 0.075¢ 0.0765 0.0706
(4).Estimate 12 Tropospheric Average (m) | -0.2367 -0.7942 -0.3044 -0.121§
Parameters

Std. (m) 0.0609 0.0602 0.0624 0.0473
(5).Introduce 24 Tropospheric
Parameters (from GPS Network) and |\ o 506 (m) |  -0.2362 -0.8079 -0.3034 -0.1259
lestimate 24 Tropospheric
Parameters

Std. (m) 0.0532] 0.0750 0.0746 0.0669
(6).Introduce 24 Tropospheric _ _ . _
b arametore (fom Gpa Networky | Average (m) 0.2263 -0.7680 -0.2859 -0.0882

Std. (m) 0.0395 0.0494 0.0507 0.0347
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Figure 2(a). Comparison of the averages for four GPS stations using different strategies.
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Figure 2(b). Comparison of the standard deviation for four GPS stations using different strategies.
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