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REESEHERBENWEIEEAZES - HEBFREHEGE  TEYREGES
TAGRET T B4 S - R AVFAEISIT O B B TEE A - (RSB PN S EE
fF(package) FI DA NEFER] - REES ORI TRERATE4EES F39 ] DIEHHE T E
A FTAE 2 S & AT 0 140 UNIX (2B 45 FreeBSD 1 Linux )~ Windows #I
MacOS ° R FEZ LGS FIHRIE - fE4aT DT IE#E H vl B 22 R -

RNEBEZEHR AL RBTFHNINEE - RIVIIEL o] B BT HE =
(Packages > FIFBERAVINAE ) 158 - KAy SHVM& - R ELEA4RE MRS g R &
FMNSRTZEE S A FoR S s (B RERESET) ThEE - RIVE—RIERE
BIZOEE - BEZA R TR AET e E B 4R TAHRBRAYERES » Ht A A FE 2Ek
SPE o EL Ay R 25 A R R ST B B B RS GNU_ Octave F1PH #EHKES

MATLAB -

2. NEk R
NEk4gik REES https://cran.r-project.org/
Rstudio https://www,rstudio.com/
Rstudio HETAYIRAZ RStudio Desktop 1.0.136

WEEIRFEER BAR studio @ ZIE[#EEFEE windows A -

P
The Comprehensive R Archive Hetwork
] fa— ribebioea o the b st mnd ot pacaprs, Windbews sl Mae maem ot ety st o o e of
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https://cran.r-project.org/
https://zh.wikipedia.org/wiki/MATLAB
https://zh.wikipedia.org/wiki/GNU_Octave
https://zh.wikipedia.org/wiki/%E7%9F%A9%E9%99%A3
https://zh.wikipedia.org/wiki/%E7%89%A9%E4%BB%B6%E5%B0%8E%E5%90%91
https://zh.wikipedia.org/w/index.php?title=%E5%A5%97%E4%BB%B6&action=edit&redlink=1

[l 11 Tk E 1

& The Comprehensve RArchin| @ Download RStudio-Rst X |4

€ 5 O A studiocom/product i

eStudio studiozconf  Product desources  Pricing

well as

fyou runR

using aweb oy, orex 1

Do you need support or a commercial license?

RStudio Desktop 1.0.136 — Nt

Click here to leam more

RStudio requires R 2.11.1 (or higher

udon't already have R, ycu fownload it

Installers for Supported Platforms

[l 12 TR E 2

3. R

BB Rstudio 20 NE > 728 E RdmiBiE(E - 4 EJ7 e LUE FIREzUETTHY
FESRER > BT HELFeaNEM REEENER  TEZENER

(packages) > EBIIRESE -

5| cowronment story
&8 [Pt Detaset +

1% loba Envonment =

R varsfon 3.3.2 (2016-10-31) == "Sincare pumpkin patch”
Copyright (C) 2016 The R Foundation for Statistical Computing
Platform; 1386-w64-wingn32/i386 (32-bit)

R i5 free software and cones with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘Tieense()' or 'Ticence()” for distribution details,

Environment

R is a collaborative project with many contributors,
Type 'contributors()' for mare information and
"citation()" on how to cite R or R packages in publications.

Type 'demo()’ for some demos, ‘help()" for on-Tine help, or
*help.start()' for an kML bromser irterface to help,
Type 'q()" to quit R.

>

Fies Plols Paduages Help  Views:
@) WewFelder O] Delete %] Rename | G More -
(4 wome - Reruaio

& Name

-

) Rsiudio = 0 X
File Edit Code View Plots Session Bulld Debug Profile Tools Help

Q- A Gotstistuncian | | B +| Addin - X Projc lon «
Consale

=0
Lot~ | @

s Moddied
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Design-flood (Q;) estimation:
Possible approaches

Estimation of Q+

Direct approaches: Indirect approaches:

Frequency analysis of Frequency analysis of
observed sequences of rainfall data & rainfall-
flood flows runoff transformation

At-site analysis: Regional analysis:
Streamflow data for the Streamflow data collected
site (river cross-section) of for a pooling group of
interest gauged sites

15 SatmE AR TAREE
BB SER AT (R e > BT BT
T R R KRR R AG B > 5 TE —(EP TS E - B PIREE o A2k
MILE - AARAESCEERIT -

AMS = Annual Maximum Series POT = Peaks Over Threshold

100
90 -~ Q
80 -
70 4
60 -
50 ©
40
30
20 -
10
O etc. O

S threshold

Discharge (m3/s)
Discharge (m%/s)

1951 4
1954 -
1957
1960 -
1963 -
1966 -
1969 -
1954 -

16 FEFHEAHIE
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Step 2: Estimate plotting positions

Rel. Cumul. ; 3
Flood data frequency frequency Empir. Return period (yrs)
10000
: | '

Q) .
E 8000 .
o o
2
£ 6000
[&]
0
(m]

4000 ‘ f

1960 1970 1980 1990 0008 0.16 02040608 1 1 3 10 30
fs Fs Ts

100

17 EHEIT)BLR 2R i 4
AR B AR EZ SR nTH A e 8ra 28 (Gumbel 7347 ~ H#HY
A~ HEHE R ) ~ =2B(GEV ~ KAk Type3 ~ HEUZFI A% Type3) ~ TUZE
LWSERRE  BREERREESHEM:  # % overfitting

W

Step 3: Fitting a distribution function

Choice of distribution function

2 Parameter: Gumbel
Logistic
Log-normal
3 Parameter: General Extreme Value (GEV)
Generalised Logistic
Pearson Type I
Log Pearson Type llI
4 Parameter: Kappa

5 Parameter: Wakeby

2 Parameters: more robust but danger of underfitting

3 Parameter: more flexible but danger of overfitting

18 FrAfLlEL
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taBley SAn AR - HEIREASEZ i R Bl G E AR =D 10 8
IREA R o] - 4&[E] 244 By 7600cms » %5 PA Gumbe 73 A EKE G TELANZY) 7, 596¢ms °

Step 4: Reading off Qy

(i) Graphically: with a return period T given

the flood frequency curve gives one the T year flood Q4

10000

Qyo = 7600 m¥/s 8000

6000

Discharge (m3/s)

4000

1 10
Return period (yrs)

100

PRIE B ABE A Kamp U R - B BT B EORHE R ¥08G BB (R

19 Syl S e+ BRI E

ESli ST SUNNER

MCMCFit

7BayesianMCMC

MCMCfit <- BayesianMCMC(xcont=peaks, nbpas=50000, nbchaines=3,

confint=c(0.05, ©.95), dist="LN")

plot(MCMCTit)
plot(MCMCTit, 2)
plot(MCMCfit, 3)

plotposRP(peaks, orient="Fx", col="#0886FF", pch=19,

xlab="Return Period (yr)", ylab="peak (m3/s)",
x1im=c(1,500), ylim=c(6,600))

lines(MCMCfit$returnperiods, MCMCfit$quantilesML)

lines (MCMCfit$returnperiods, MCMCfit$intervals[1,], lty=2)

lines (MCMCfit$returnperiods, MCMCfit$intervals[2,], lty=2)

vvvvvvvvvvvvvvvvvvvvvvv D T Y (R —————
2
3

peak (m3/s)
100 200 300 400 500

o
L

T T T T T T T
1 2 5 10 20 50 100 200 500

Retum Period (yr}

20 RS EEFER
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2. EEISEESMT(Regional Frequency Analysis) :

A FH R S SR RIS B o A i DR & (eI Y K SR 21—

(homogeneity) o Qt BJ LA & HImEREEE4H L -

Hp: identification of homogeneous regions (pooling-group of sites) within
which the flood frequency distribution is invariant except for a site-
dependent scale factor termed index flood. Therefore:

Qr=po X
Qr T-year flood
Uq index-flood (e.g. mean annual flood) scale factor
X7 dimensionless regional quantile growth factor

1st Stage: Estimation of the regional growth factor x’;

2nd Stage: Estimation of the index-flood (gauged/ungauged basin)

B 21 R

% 1 DESCAEMEAN T HECK EGAY 2 M E25EHE - 515/ R HIS Y EE

Bl - DAZREUH) P& A AR > 20 PA NEHREIDI, j

1st Stage: Estimation of the regional growth
factor x';

Definition of the site-oriented pooling group

Similarity measure 2 ( )2
e.g. Euclidean distance , y) mj

between sites i and j

1/2

X standardised value of the m" attribute for site i
w,, weight for the m" index
M number of indexes

Dimension of the pooling group
Reliability of the - Homogeneity
T- year flow estimate (e.g. Hosking and Wallis, 1993;
5T-guideline (Jakob et al., 1999) Castellarin et al., 2008)

[ 22 G 2% o P

% 2 BB SRR RIER T > 73 B Ak R ik > AHINERS - DI

\

EHatHE > EEAERET R LA R G -

15



2nd Stage: Estimation of the site dependent
scale factor (index-flood, py)

Gauged target-site: for an ?qnnual sequence of record length n
ay=n">0,=0=4(0)
'(direéTlestimatioh) ’
Ungauged target-site: indirect estimation e.g. multiregression model
ln(,[tQ)= Ay + A -In(@)+...+ A4, -In(w, )+ e
(i.e. fy = exp(4, +¢)- o/ ... w”A“)

Aj parameters of the model

Wy are the explanatory variables of the model (i.e., a suitable set of
geomorphic and climatic indexes)

o model residual

2-13 Nov 2015 UNESCO-IHE 46

23 GHECHIE I R SR+
3. L-moment (L Eh7E) jA7KSCE R EHIIEH]
WTEESET L DIHAR S ARER 10 KIVEHREER » HARIE (skewness ) ¥
IS (kurtosis) MHEEMEIRERE fs 1. 14 B 5.40 - {HiEE H & RIS L EETE A
S B IR (E (T R RER - 5 DA L st g - Al [EEnv B &R - (e
F0.17810.15 > “PEMERIERE -

Synthetic samples generated from a Gumbel distrib. (n=10)
6.0 -
True theoretical
valites o | (1.14, 5.40) | "

i 5.0 :
‘» -
£
3 4.0 =
- Average value '_ .
= 3.0 - —
c
D » - E g, 2"
Q E} L
& 2.0 -— o e
5 L.
=] L N a n
@10

0.0 T T T ‘ r T : ‘

1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Coefficient of skewness

24 HEmEEYEZR
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Synthetic samples generated from a Gumbel distrib. (n=10)
0.60

0.50 True theoretical =
values

0.40 [(047,015 | = .
0.30 -

0.20 g ——
L] L} . kS z
0.10 1= H ~ ._\ .
= Average value
0.00 n -

-0.10 " 2

L-kurtosis

-0.20 , T
-0.30 -0.10 0.10 0.30 0.50 0.70

L-skewness

24 L EhEe i B E AR
4. EFEDABEHF IS R B

BEGEASNISEEER > Baa - &k - m - BERAAEILES
GOOGLE [ - &L talim R RIZ R ZAG EAY AU - FEEF AL E - HEIHA 33
{ELAT -

/)

T stide 1 -

o resd dat
LoadnFiosdsoberaesterreich.roata)

atchars_Floods # Catchment locations, topographic charactertstics and
hydrociimatic attributes
strcatchars_Floods) # shows data structure (variable typest)
din(Catchars_Floods) & Nusber of catchments (34) and nusber of
# characteristics (1)
str(Annustuaxing) # A Ut of 33 elenents contatning tine sertes of
annual naxinun mean datly Sicharges
Tength(annualmaxina)
Loss(GI5rloods) & spatial chiect contating the bovndartes of
e 34 catchne
neaﬂ(clSFlwﬂs@ﬂala] S iy o cabiment boundaries, identical to b
# part of the info contatned in CatChars_Floods \A\L;»w Xy
Jo one catchnent has no data (s ungauges), which one?
acchars_ Floods[ 1 (Catchars Floodssiant win nanes(amustnaxtns)). {’
[¢'Ct ts the Trattrach st 83d sehallerbach of 183.8

Wi A

hewtiap < getmap(resolution="high")
8 Extracts a world map of country borders
plot(newttap, xUim=c(11.5, 15.5), ylin-c(46, 45)) of
points(Catchars_Floodsslon, Catchars_Floodsslat, pch-21,
bg="#8066FF22", cex-log16(CatChars_Floodssarea))

ehiateh an
B YierBonatt
rary(rgdal) @ ltbrary needed to tranform the coordinate system of
the catchment boundaries
ISFloods_transformed < spTransform(GISFloods,
CRS("+proj=longlat +datun=HGS84"))
Transform the projection to Lat/Long
Lot (GIsFLoods_transformed, add-TRUE, col-"66000022" )

I# to zeom tn:

plot(newttap, xlim=c(13, 14), ylimec(47.76, 48.5))

PELEICCHORIES FicadegTon, COERMEILFL0IIAL . ek,
bg="#5080FF 22", cex-1.5*log16{CatChars_Floodssarea})

plot(GISFloods_transformed, add-TRUE, col-"#66305022" )

[# show the ungauged catchment
Ikho_ungauged <- which(!(Catchars_FloodsSidnr %in¥ names(AnnuslMaxima))) v

. Stvatentin
Lot (newtap, xin-c(13, 14), ylin-c(47.76, 48.5)) - bt
PLoL(GISFLoods_transformed] -who_ungauged, ], add-TRUE, col-"#88685822") L B - Wasg
potnts(CatChars_Floods$lon[-who_ungauged], CatChars Floods$lat[-who_ungauged], pch=21, S

bg="70000FF22", cex-1.5710g10(CatChars_Floodssarea[ -who_ungauged]))
PLOt(GISFloods_transfornediwho_ungauged, 1, 80d-TRUE, Col-"#FFO080Z2", border darmu ) ¢ R P v

potnts(Catchars nm;smngm ungauged], CatChars_Floodsslat[who_ungauged], J R
"WFF880022", cex=1.57log18(CatChars_Floods$area[who_ungauged])) i geghen

on google naps
[Library(“Rgooglenaps
bb < gbbox(lat-CatChars_Floodsslat, lon-Catchars_Floodsslon}
EberOEst < Gethap. mm(hmn bbSlonk, latR-bbSlath
type="terrain”, size-c(640, 468), GRAVSCALE=FALSE, SCALE=2)
o otonstoticHap(OEberdEst. Tt catchars. Floodsslat( -who ungiuged],
Lon-CatCha r\wodss\wn[ who_ungauged],
bg="P0000FF 23 cex-1. 5+ L0g18(CtCRAr S, Floodssarea]-who_ungauged))}
P\wtﬂnilah:Haw[OEberOEsl Tatecatchars. | Flwdsshl[wha sngaugedl,
Chars_floodsSlon[who_ungauged], add-TR|
", cex-1.51o

g-"#FFO66022" , 161 Frerontny . Floods§ares[who_ungauged]))

Est, polys-Spatl Loods_trans| -who_ungauged]},
col-"4#00000022")
OEber0Est, polys=Spati _transfor who_ungauged]),

#FF008022" )

end 1

¥

25 R¥ERFGELS GOOGLE #f,

17



GELR AL R B &R A AT — =R

BB AR E R IR &

A — B PR PR

rrrrrrrrrrrr B | [T L
le plot the data

[Ltbrarytzoo)

for 4 0 1:engthamuatiaxing)) {

codice <- nanes(Annualiaxtme)[t]

ShLch cateh <. Catchars. Floads[Catchars_ Floodssidar = codtce,]

plot(AnnualMaxina[[1]], type="h , ylabs"rax @ (n3/s)",
Tin-as.Date(c(*1950-01-61". "2015-01-01°)),
ylimsrange(AnnualMaxinal [411)*€(0,1.2),
Me\mastatemiis, shich Satchirises, Set?, Whick SUECHISEVER))

readline()

[ plot the flosds 1n plotting position mede

[Ltbrarycnsera)

[For (1 in 1:length(annualmaxtna)) {

codice <~ nanes(Annualaxima)[i]

which_catch < catchars_floods[Catchars_Floodssidnr

PlokposRP(as. nunertc(Annualiaxinal[1]]), ortent="Fx",
inec(1,200), ylinec(6, 1.2-max(AnnualMaxinaf[1
xlab="Return period (yrs)", ylabsmex Q (3,

¥
/)"
natn-paste(codice, which_catchSriver, “at*, which_catchsstation))
readline()
i

end 2 --oo - -
S —
204750 Antlesen at Haging
B
8 °
. k
) és -
g s i
: ‘ |
p—

& L-moment BEEET% -

(GELR o ER R AR

26 R A RIBEHI SR B Ek

(generalized extreme value distribution,GEV)

,,,,,,, T e
[ conpute sample snd reglonsl sanple L nonents
lLiom < t(sapply(AnnualMaxina, FUN-functicn(x) {

Lnonents(as. numeric(x))

»

LHon
Jtrom <~ cbind(Lmom, n-sapply(Annualmaxina, length))

lreat = data, frane(peak-unlist( wna),
code-substr(names (unlist(Annualnaxtna)), 1, 6))

[rnon < regtonalimoments(
l¢ RLKON < apply(LhOM, 2, weighted.mean, wsapply(AnnualMaxira, length))
RLMOM

Jo-orae < nament atle dlagran
i )
L T T s

5)
potnts(ALMOA["Lcak’ |, RLNON[“Tkurk® ], pehe10, colea, cexcs.s)
[* the GEv distributioen seems not a bad chetce

| Hosking and Wallis Test

¢ &4 - olscordancy

[t & - Heterogeneity

[f ¢ - parent - choice

[f o - Parent - Fitting

[ < Wd.original(reglonalsanplespeak, reglonalsanplescode, Nsin-10008)
W

[r The homogeneity of the region can be improved by dropping (hydrolegically)
[t discordant sites
Iplot(newkap, xlin=c(13, 14), yl\.n c(d7 7. 4- -5
D\.onclsr\wds transforned | -who_ungauged TRU
<(NA, "BFFAS0D44" , »freoowu chttmsn reaks- <(0,2,3,18))1)

by="F008BFF22", cex=1.5+Log18(CatChars_FloodsSareal who_ungauged]))
Plot(GI5Floods_transformed (who_ungauged, ], add-TRUE, col-WA, border="red",
polnts(CatChars_FloodsSlon who_ungaugex
bg-"#FFOR0R22", cex-1.5log10(Catchars_Floodssarealwho_ungauged]))

JpLot(HHsD,
JpLot (Husp,
JpLot (Husp,
lpLot(HusD,
JpLot{musp,
gl

W\.n\:s(tilthars Floodsslon[ ‘who_ungauged], Catchars_FloodsSlat]-who_ungauged],

Lwd-
atchars_Floodsslat [who_ungauged],

ph=,

=2)
pech=21,

T
ok

v

M

i AN

21,

..
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STREMSH S — R Sl E - B ERE A — MRS

de 4 -

e
l# Let’s measure the hydrological affinity in terns of mean catchnent elevation
| (another option could be to measure the affinity in a multidtmensional distance
J# in the space of catchemnt descriptors)

|+ Compute ROI distances with the ungauged basin
ele < CatChars_Floodsselev/sd(CatChars_Floodsselev)

J# Lngortant Lf we are considering more than one attribute with different units
st <- sqrt((std_elev(who_ungauged] - std_elev)*2)

nanes(Dist) <- CatChars_Floods$idnr

Dist

Jé Link distonces with sample L moe
Cxeros < ehindcioon, $1St-Disel sho wpauged])
i Cheek sarpte vengehand oist

wrotrat

J# Sort the sites according to increasing distances
rderedLrONrol <- LHOHroi[order (LMOMrot[,"dist"]),]
J# Store in LAOMroL the cunulative sun of n {for checking the 5T rule)
rderedLMOMrol <. cbind(orderediiOMrol, n_sun-cunsum(orderedLHOMroi[ ,"n" 1))
orderedLMDroL.
J¢ Therefore we select all actchment up to 285854 (Station-years of data: 538
rderedLMONrol < orderedLMONrOL[ 1014,
ronrot < honco [row. nanes(uroncat) tax. Fou.nanes (ordaredinonrot), ]

ottret

plot(newMap, xlim=c(13, 14), ylin=c(47.7s, 53)

D\ut(c[sflwds transforned[CISFloeds_| transﬁ:med!H!BNR %in% row.names(LMOMroi), ],
erblue”, add=TRUE)

oot (CISFLoods. transforned, colotn, add=ThUE)

g < i v LHomroi), ]

Lmomrat < reglanallnenents(
RLKOMroL a ]
J# oraw L noment ratio diagram
Lrerent .ratio. diagrant)
points(LMOMroil,"lca™], LMOMroil," Lkur™ 3, col=2, ce
points(RLHOMroi["1caR"], RLMOMroil '\kurﬂ 5 n:h 19, col 34
J# the GEW distribution seems not a b
v Hosking and Wallis Test
Jiurat <~ HK.ortgtnal regt d
Hret o
J# much rore honogeneous L
R s &
o
b
M
o an
H +y

it E
s BUIE IR /K S o AT EE 3R HHELR R REAIE - 1048%Y GEV ~ IN3 ~ GLO 43 frih 43

5 sitd
S

[+ com
i “orenth curve Tor the ungauged catehnet

fe corpute the vartables for plotting o reglonal empirical growth curve
[s Setect AuS tncluded Ln the rol and nornalise

4 < reglanalsanpleras

Xrotspeak < eplLmomroi[,"11], L))

fe check:
apply(teoispesk, Xrotscode, mean)

fe Lot the arowth curve

[plotposkRikraispeak, orient- s

xu-e(1,doon). e <o, 1. Znm(arationi),

ariod (yrs)®, ylab="max q (.)*)

o gyl

[o1 choose based tn the L.nenents dtagran: cev, o, 6o

[parareterccu - ac.numericipar.ceuis, ainomrat[ e ], 3

< a5.nureric(par. Lognorni1, ALADATGA[" LEvR"]. ALMOMrat[*1eaR™)))

pemtaan o o e el o guetegtat8 DRl ol

urve(iRVE GEV(E - 1/%, 41, 21,
o105t 344-TRUE, col- SE 2)

urve(inve. Lagnere(1 - '1/x [1], paranetersunalz], 0.
1061, sdd.TRUE, col-3

urvet nvF ganleats(t © 7%, w“msuou .+ paraneterscLol

[isgendt bottanrighit, \agami s

1. paranetersGLO[31),

"LKS","6L0"), Teye1, colee(2,3,4), Tude2, by
< end 5 . pes B

°)

H

' s " 0w w0 W

Ronenperca st
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(7)) IKITER,

1. R

FERRRE M H5E — ZYNKSL AT, - (e&est LAY ERT vl DIE B —AlnE e 2 &
OREEHER S EBUHEANR & - DA = YRR - g A E
Gy ATEIER (curve fitting) iz IR &R o LETE AT B AYEE
FHIKES -

DAREEPR - 1A R B - 8RR m] oy R DR E R AR ~ B 72 =0~ L&
RS - SRS EE - FE g - B2 ERE - TR
i3 SR (boundary conditions) B 4E6A: (initial conditions)WI{a]E5% E
B E BRI - EEULARHIVTBEE - BB aIRES - A0
A E R GIFEAEREERE LA HEENRG - HRSEsea#E =
F—EITERCE N EEE > F RSB (CEREAEI) - E=EEBE
HIRIE - MEXEFIANFTERESEY - FRER S8 EA TR EN - iy
DIVAREIARIN S EREEZSERE - HINEANERKEERTE -

K FEREZ/KAE R B ZRNVEER AL - fEFEmg ~ A ~ 285F ~ 2880 1Em - A
2~ FEEIRR T e —EKIITEER -

Transpiration

Condensation

Evaporation w
f 4 Wind
E on —

from interception
Vegetation L‘/

interception |: ——
Snow melt
Throughfall | BT NPTg w
& I J Snow storage Radiation
Surface interception §
"

Soil moisture
Open water
evaporation
A Sea

Perched aquifer

Ground water

29 KERREE
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Fra AL o] DL DA N8R (3R > 77K E S Input -
Output:

L _1(n)-0(1

dS

FRERFEFER " =Pl-El-T((]-Q(1)
AR MK
MK R AR N -
IR: Interception reservoir R: Rainfall Re: Effective rainfall
UR: Unsaturated soil reservoir E: Evaporation Ru: Recharge to UR
R E FR: Fast reacting reservoir Ta: Actual transpiration Rr: Recharge to FR
SR: Slow reacting reservoir Qu Total discharge Rs: Preferential recharge

Ps: Percolation
Lag Function Qr: Fast discharge
Qs: Slow discharge
E

Laatll,

2

L

a8 + a

Figure 10. Structure schematization of the FLEX® model.

30 &RMKE R EE]

PR 4 (EKEEAR R :

(1) B TRCER) Il ~ A2 ~ 253840 -

(2) 5 {E UR(FEEEAI13%8) i Re AR ~ Ta AR -

(3) SE={E FROCPRZERIE) F RE ~ Qf 4RI ILTTEHRL

(4) SBPUfE SR(MEZESIE)H Rs ~ Ps ~ Qs 4HEY -

B B Qf+Qs 41K © FEZ P RV ASCHEE LT 6 B
(1) BT E R BRI -

(2) BEERETEN -

(3) WVHMERYE BTN

21



(4) EFHASHBLEAT -
(5) EFEEANSTAEE -

(6) FHERNE - FEEREINRE -

3. A ABEEME(uncertainty)
(1) HEXAATEE M

RN EF—EHR (X, 8, S)EBEAAHEENE -
Q<m(X, 3, So)

Q: Z&RE

m: KSR

X BACRE)

9: A2

So: Al EE S R

(2) NHEEME N Ty RPN =H:

EHIEY R E M (observation uncertainty)
VA ETE M (mode] structure uncertainty)
S ARTETE M (model parameter uncertainty)

4. SHHIFE (calibration)

SEREE—EEESENERE - Ao BB FERE - HIVE R 7
AHVEEREBAERE 2R SRS - ARV B IRIR H S K& -

FHEIEE (manual calibration) X AF fsliR A (trail and error)  RNEHY
SYMAE/KCURRRG R - (B2 P RICERFE - /28 HIHVE SRS E 1] fERY
YRR EEHRE -

HE)%IE (automatic calibration) B FEREARE > 5 HIFRE MEAHE
R R R AR - (HEEHRE E A TR AN TN RESER - SHIVRE
A DA Ry e (BB R > (B35 (optimization) BE B FIESRAESER/IME -
Z RN LA Ryt 45 SR DI E BV e © Now=1((h, Q) . Qv :BAIE -

22



HAZEpL# (objection function) ] DAE TS AR HME BLEHEHE 2= RV E/IME -

Runoff [mm d"]

31 fRRE R EARUN{E Fe ]
BESEUNE RSB E S HEEEREM (local minima) B2 i8R HE#

(global minima)HYFRE - BRIRAYJTZUREEE(E HIBERRA IS -

Nobj

Local minima

Global minimum

32 SRR IR A

M= 2 YA R ERFTERAY A - bR TR Z R4 (Monte-Carlo)
HEA > BAithEREHHF L EEE - Bl % & EH B L (Genetic
algorithms) ~ 5 5% (E({LEE L (Ant-Colony) ~ AL FE B A (Particle Swarm
methods) ~ BYEEIE  HMEEEEIES - SH-REE (Monte-Carlo) HEEERE

23



EE > HEARSEEISCR HA T IR B I -

GLUE — example

Likelihood measure: Nash-Sutcliffe efficiency
(NSE)

Threshold of acceptance: NNS >0.6

SEIIRE G R b te Bt —(E e izAy 5 =UNSE (H -
B EHPET 1 B BRSO

BN E B R E AT ET

B 33 FEAFE PRE R R
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(t) HEERGET

1. FSEFEHEE(Univariate Random Variables)
PEE IR s —EEEHVE - 2SN EEERSAIRER 8 > /KSR

T RN ERFEKE - FERE - FRIERES - WBEKER 7 B -F2HE
21,722,723 BFoRBEEEORE DN E E[Z] R R E Var [Z]KFR »

£ R e EAHBRRITE AT T

Simple operations, concept of vector in R

- c() HE

- [ ] “square brackets”

(pseudo-)Random numbers generation

- runif() / rnorm() ‘ERKBEMELES

* Functions for descriptive statistics

- mean() “FHE

- sd() / var() SR

- hist()

2. EESEEREMSEE(Bivariate Random Variables)
g 7Y BISE A E[Z], E[Y] > L& % (Covariance)
Cov [Z ,Y 1 =E[( ZE[ Z]) (Y-E[Y ]) ]
fHE %8 (Correlation coefficient)

_Cov WAY
VVar [Z].Var [Y ]

£ R S _EAHRBARVFE S0 T
Loading data and concept of a data frame/matrix in R
- read.table() FEHUEZR

- data.frame() / matrix() =EEUSFERE

Cor[Z.Y ]

- [, 1 “square brackets with several indexes”

25



* Functions for descriptive statistics
- cov() FLEFE
- cor() THEA(REL

- -, method = c("pearson", "kendall", "spearman")

4R EEF AT (Linear Regression Analysis)
SR AT DL N AR
Y=aZ+b+c¢€

Y B ZHHUE ~ € REENO, o)

£ R ¥R s EAHBARFE 40 T

Concept of list in R

- [[ 1] “double square bracket”

- § “dollar operator”

« Functions for linear regression analysis
- Im() SRMEEER

- plot(linear_models) %&[E]|

HEREI 5198 (Time Series Analysis)
FEMFETE (Stochastic process) fy—EE R FERT ] /EEEHIETE

REREIFPAIsEE 7t WIS E(Ze | B SRE Var [Zt | R -
E AR s T
Cov [Zt , Zt+T 1 =CZ (7) = E[(Zt-E[ Z]) - (Zt +T-E[ Z])]

C, (0)=Cov [Zt . ,Zt 1=Var [Zt ] = o

SLiEla|s i@

Cor [Zt ,Zt+1]= p,(T)
& 34 EAERA (AR R R ]

WP S A E SR R 22 AR - EAERR M Ry 1 2 1% BB e e i A R A R
15 R¥CHS HAHBRRYHE S0 T

26



Function for autocorrelation

- acf() EHEREL

5. EiEveAle(Ordinary Kriging)BPhaBEse A< (Topological Kriging)

L e A < B PR A v A < B A S ARG s T A B IR KB B R -
e R

L A R AR ALY =X o 22 R R AR (L B S BB RE A EEEE A R 0 2

—MEER AR 0 BT & =8RG » 57 A0& best ~ linear ~ unbiased:

. £ 12 L minimum
Best E[|Z,—Z,["] » minimize [square errorJ
. 5 _ . 7 weighted
Linear Z, ; hoiZ;
. i no systematic
Unbiased E[Z)=Z,]=0 [ error (bias) ]

L 38 5 A1 O HEAS P EaERR ~ PR ~ MoK~ RORIVZERI A -
£ R e LA MBI B E AR T (gs tat )

Full process of Kriging estimation

- Normalisation of variable

- check specific functions in manual

- package 'gstat'

6. EHiHeAEEIFHRE
epR LA TR R R ] - SO 2 BRI 1998 4F 12 H 10 HHYFRZREHE - b
53 A Eb g DU U A 5 =AY fdi B 45 3R (Thiessen Polygons, Inverse Square
Distance, Ordinary Kriging, and Kriging with External Drift) e
(D)FEECAURA ST E R Tkm* 1km -

27



# read

elev <-
nanes{elew) <- c["x",
griddedielev) <- ~x+¥

spplot{elev, col.regions=topo.colors{181)}
# read snow data

snow < -
nanes{snow} =- e("x", "y", "elev”, “"resid”,"schnee"}

snow[1

# ploting stations
Plot{snowsx, snousy )

# plot map with coordinates and colors
coordinates(snou) <- -x+y
spplot{snow, c{'schnee”), cuts=c(8,1&, 58,108, 200))

AR T EER - SRR x,y EIE - SR [F

elevation data
read.table(’

read.tablel "schnee. dat" )

spplot{elev, col.reglons=topo.colors{i@l),

sp.layout=c{ 'sp.points', snow, pch=3, col
e SRl 1 memeee e

35 SERET R
(2)53 R PR R A SEMET 7 R E
HARE N LR T

& 36 fRAETELS
PRS- R EE AR E RS

28
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140

120

100

& 37 FEEEE TR ER AT EAS
(3) 48 B4 °F & B B [E (variogram) W E H HE 016 > 5t E &R WY
nugget=164.58 > psi111=279.75

400

300

200

semivariance
T

100 +

T T T T T
10000 20000 30000 40000 50000

distance

] 38 gl L ]

() FEAE @A EETE > A DUR W LR R (E T4 - R H R -
[k 4 S L g

29



a0

80

70

60

50

40

39 HiEre AR RATR

300

200

100 A

T T T T T
10000 20000 30000 40000 50000
distance

40 4 T i e Pl s~ S LA ]
(5) X X B - = — (Al B e b =R Uil - IR R E R
N AT LA ERA AUAZ R MEEOR - SN EAVERE(E - SO R E R E 8
HEE R AT - BRSO CRBBIEAA - ALERREIREHEENEEREXR -
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Thyessen Polygon CV residuals

® 50
. b5
® %
41 tRAUEREAE R
Inverse Distance CV residuals
®
s
)
42 PRV TR B AR SR
Ordinary Kriging CV residuals
o
0
o %

43 il vl M e R BRRE A R

7. EAE
s (55 I AR AT R 9He 222580 package » 401

Install package “sp

143

- By typing >>install.packages( “sp )
- From the menu (GUI): Packages -> Install package(s)

31



« Install package “gstat “ [idem]
Install package “rgdal “ [idem]

« Install package “rtop “ [idem]

32



GIS B
(—)  reBQGIS EESF

SRR FEA AR OGIS Y EEIhEE » (KPR
 {EHEPEAEES Tk DEM 2
* Re-project a raster file

« Re-size a raster file

* Mosaic two rasters (merge)
DEM & F 7K S0 4H

fHi4EH ) 1148 ES

P HH /K&

TR AURE DB LR 11T

oo [EIEETN amwwicawa | viens

2. Salect Your Data Set(s)

ik fom boms. Sor Toe st see0s] you mart ko search

Ao done ook data Sols), ok i Aditional

L o trstion Cic K [t s g

et o e calegery name tn show a st of dala sos
i Dk Sl Pl s T

Dt ot

e —

44 T & DEM &
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1. N#E(DEM &#} - MEETFCERSAE L DEM #E[E AN - I H 4H & HAREE -

T

[rr—
o e e G G s
BT AR R =51 o) eF el L - T = 0- H
2 O~ L LY
e R
o
G T
-F-r"“—_
. tu
~ . "
™| "
o«
@ |-
«®
o
%
i
¥

45 HEAHAE =

2. WHBERERGT > R R N EAYE E AT FeE IS AR AR R
JRMERS RS R [Rl—PERR A4 > BERRBEE EPSG: 4326 » ZARIZ 7 HEE”

/" Layer Properties - dem_mosaic | General 2
& General ¥ Layer info
Layer name !dem_rnosalc displayed as Idem_n'losanc

W stk
I.‘ Transparency
ﬁ Pyramids

Layer source ’D:IQGIS_exerci:a;Exercise_E,'dem_masaic. wrt

Columrs: 3601 Rows: 7201 MNo-Data Value: -32757

w Coordinate reference system

I Histogram |selectd RS (EPSG:4325, WGS 34)

(i Metadata w [ Scale dependent visibility

Minimum
(exclusive)

Style - CK I Cancel | Apply |

=) [ 1:100,300,000 ] | Meximum () [0

(inclusive) #=

46 BRI 25
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3. VB EERYEE 0 (¢ Extraction AYEEEE R » EFE Clipper AR
TLEW]%@‘E WJ#DTf@.J:’FELﬁ/Hﬁ ’ Bj‘_fiﬁ‘/\r *“fﬁftﬂi’ﬂ

- —epp - -

,Hqslszmamen
Project Edit View Layer Settings Plugins Uhctg|Ra=ter Database Web Progessing Help

ST - L VRO b
Hlﬂﬂ;ﬂ”ﬁWﬁ
ENEERES

=" |Layers Panel

BT E&EYRAL

lhﬂﬂﬁ

Irput A= frester] | dem_reproject=d

output file |De 15 _ewerdses/Evmrase_sidem_subsenf  salect...
I modatavabe [o
Chpping mode

& Ewient £ Mack layer

Select the gxtent by orag on canvas

or change the extent ceardnates

» | Zm4cma. 8 7003 % [ 342475, 452154
%

i

y | 5560398.45777

| W Lead nio camvas when fnshed

pdal_transiate projwin 284935.E75203 5679475, 98044 342475452194
553039945777 -of GTIFF 0: fGIS_exerosesExercse_5jdem_reprogected .bf
D: AOGI5_exarosas/Enercee_5dem aubsar,uf

48 TIEIHA TSI
4. FHECHIRE - (¢S e T DL E e R - (R AKER A
BERER A LUK SRR A1 - MEt R EE - 75 QGIS e
FHEHY T HEFE (tool box) EFEMETRE KIAT(fi1l sinks) » AI{EEER
e B R 1% 1 N HEE -
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J Fill sinks (wang &) L9 o]

Parameters | Log | Run s batch process.. |
DEM
[dem_subset [EP5G:32632] S

Minimum Slope [Degree]

| foouoos 3.

Filled DEM
ID:;’QGIS_exercises/Exercisej!dem_ﬂ.ﬁF _I |
| [¥ Open output file after running algorithm
Flow Directions
|
Il
i

I [Save to temporary file] _I
I~ Open output file after running algorithm
Watershed Basins

| [Save to tempaorary file] ,_I

™ Open output file after running algorithm

49 Y)EE ESOE RS

|Processing Toolbox 8 X
| channel a

[} Recently used algorithms

i & Channel network and drainage basins

= & SAGA (2.1.2) [235 geoalgorithms]

[=)- Terrain Analysis - Channels

Channel network
Channel network and drainage basins
Overland flow distance to channel network
Vertical distance to channel network

50 sH&2H )P (T E RS S HIEAH)
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EIUE  SHEES

(—)
1. REKEBAZEIGE

SRR R WA R AR AR © (C70%E © B - RO
gy AN SRR - 7RI R SIS EIESS R EE S
B - 1 ELET AT A S S R - U LB - st LIS
BB R S S OB » R A S B S ThAE (LR E B
ST o TSR - BN > NEINT SR CREAS RIS TR
2 R - BTN AT » BRI N TR S ] F I S T O
RIVFEFE] » SRR 4B S 5 e P e R i A 2 — (B R S 7 26 B i
e N ECR AR (5 FE R B8 DR SRR A B RR AR SR R WA IE
WEE B MR E R SR RIS B LT -
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